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More than thirty years has elapsed since the publication of
the first edition of this textbook in 1972. At that time, table
clinics were being held, where the theme of treatment 
was to extract traumatized teeth at the time of injury,
and then the problem was solved. Since then, the biology of
acute dental trauma has been elucidated through clinical
and experimental research and in subsequent editions of this
book used as the guiding light in defining treatment 
strategy.

A disturbing finding from several recent studies is that
acute treatment of dental injuries can sometimes lead to
inferior healing. This naturally leads to a rethinking of strat-
egy for treatment of the injured patient. Until now, accepted
treatment has been to reposition traumatically displaced
teeth or bone fragments into an anatomically correct posi-
tion. However, this procedure itself may further damage
already traumatized tissues. This might explain the negative
effect of many forceful reductions, as after luxation injuries,
particularly upon periodontal healing. Likewise, the idea
that an exposed pulp is a diseased and infected pulp which
requires immediate or delayed extirpation has not been 
substantiated in real life. On the contrary, given the right
healing conditions, exposed pulp is a survivor. Similarly,
root fractured incisors are often removed due to a lack 
of understanding of the healing capacity of the pulp and
periodontium and their respective roles in the healing
process.

Previously, acute dental trauma was considered an event
encompassing certain treatment problems that could be
adequately resolved by proper endodontic, surgical or
orthodontic intervention. However, recent new research has
altered this view. Now we know that most healing compli-
cations following trauma are related to pre-injury or injury
factors, and that treatment should be very specific and
restricted in order to optimize healing. This edition is
devoted to a biologic approach in understanding the nature
of trauma and subsequent healing events and how these
events can be assisted by treatment interventions.

The study and understanding of healing in hard and soft
tissues after trauma is probably one of the most serious chal-

lenges facing the dental profession. That this task presently
rests with only a handful of researchers is out of proportion
with the fact that perhaps half of the world’s population
today has suffered oral or dental trauma – a paradox that
dental trauma is dentistry’s stepchild.

In the decade that has elapsed since the third edition of
this textbook, the impact of dental implants has been felt. In
the wake of esthetically and functionally successful implant
therapy, there is a growing tendency towards the approach
of: ‘If in doubt, take it out’ and replace with a dental implant.
This mind-set has seriously colored many professionals’ per-
ception of conservative therapy, be it active observation or
interceptive endodontic therapy. Moreover, it has led to an
explosion in the cost of treatment following dental trauma.
For the sake of completeness, the chapter on dental implants
has therefore been expanded with respect to primary 
biologic principles, with particular emphasis on problems
related to the use of implants following dental trauma. In
this regard, it should be borne in mind that trauma patients
are most often young patients in whom the placement of an
implant is contraindicated because it interferes with growth
and development of the jaw. Furthermore, the fact that
many families in the world today may live on a few dollars
a day brings the cost–benefit aspect of treatment into focus.
In such a world, sophisticated treatment modalities that are
now available may only be realistic for very few. And then
what? This reality is also described.

The enormous impact of a traumatic event on the mental
health of the patient has long been ignored. In some situa-
tions, the loss of a tooth or parts of teeth may result in a 
difficult psychological situation, which so far has been com-
pletely underplayed and neglected in dental traumatology.
This void is addressed in this new edition by a chapter on
the psychological impact of dental trauma on the patient.
Moreover, a traumatic event, whether crown fracture or
tooth loss, usually results in severe esthetic problems. A
further chapter is now devoted specifically to esthetic 
rehabilitation of the traumatized patient.

In this edition, an evidence-based approach to treatment
has been chosen. This implies that any treatment procedure

Preface
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xiv Preface

must be carefully screened for its effect upon healing
processes. Due to the fact that treatment approaches, by
their very nature, are usually traumatogenic, treatment prin-
ciples for traumatized teeth become critical. Randomized
clinical studies would be desirable, but inevitably there are
practical and ethical problems with this: it would be diffi-
cult to ask for signed patient approval to place the patient
in group A or B to test the difference between acute treat-
ment procedures.

Acute dental trauma implies severe pain and psychologi-
cal impact for many of us. There may also be severe eco-
nomic consequences for trauma victims, especially in less
privileged social groups. The dental profession must cope
with these problems. One approach could be prevention of
dental injuries, but previous efforts in this direction have not
always been cost-effective. In this fourth edition, accident-
prone sports activities have been identified where mouth-
guards could be of value.

Statistics from most countries show that one third of all
preschool children have suffered a dental trauma involving
the primary dentition and 20–25% have suffered a trauma

to the permanent dentition. With such statistics it is likely
that more than 3 billion of the world’s population are
trauma victims and, considering the general lack of con-
tinuing and serious research into dental trauma, the 
importance of this area of dentistry cannot be overstated.

It is the authors’ hope that a better knowledge of the
biology of dental trauma and wound healing will lead to a
more intelligent treatment strategy, where the slogan ‘Hands
off where you can!’ to save teeth could mean that the trau-
matic episode might be a short-lived one and not a pro-
tracted story of treatment and re-treatment – not only 
for the victim of dental trauma, but also for the dental 
practitioner.

The aim of this textbook is to ignite interest in this
stepchild of dentistry, a discipline where all the skills of den-
tistry are needed to help victims of dental trauma. Please be
involved!

Jens O. Andreasen, DDS, Odont. dr. h.c, Copenhagen
Frances M. Andreasen, DDS, dr. odont., Copenhagen
Lars Andersson, DDS, dr. odont., Kuwait



F. Gottrup

Definition

The generally accepted definition of wound healing is: ‘a
reaction of any multicellular organism on tissue damage in
order to restore the continuity and function of the tissue or
organ’. This is a functional definition saying little about the
process itself and which factors are influential.

Traumatic dental injuries usually imply wound healing
processes in the periodontium, the pulp and sometimes
associated soft tissue. The outcome of these determines the
final healing result (Fig. 1.1). The general response of soft
and mineralized tissues to surgical and traumatic injuries is
a sensitive process, where even minor changes in the treat-
ment procedure may have an impact upon the rate and
quality of healing.

In order to design suitable treatment procedures for a
traumatized dentition, it is necessary to consider the cellu-
lar and humoral elements in wound healing. In this respect
considerable progress has been made in understanding of
the role of different cells involved.

In this chapter the general response of soft tissues to
injury is described, as well as the various factors influencing
the wound healing processes. For progress to be made in the
treatment of traumatic dental injuries it is necessary to begin
with general wound healing principles. The aim of the
present chapter is to give a general survey of wound healing
as it appears from recent research. For more detailed infor-
mation about the various topics the reader should consult
textbooks and review articles devoted to wound healing
(1–23, 607–612).

Nature of a traumatic injury

Whenever injury disrupts tissue, a sequence of events is ini-
tiated whose ultimate goal is to heal the damaged tissue. The

sequence of events after wounding is: control of bleeding;
establishing a line of defense against infection; cleansing 
the wound site of necrotic tissue elements, bacteria or
foreign bodies; closing the wound gap with newly formed
connective tissue and epithelium; and finally modifying the
primary wound tissue to a more functionally suitable tissue.

This healing process is basically the same in all tissues, but
may vary clinically according to the tissues involved. Thus
wound healing after dental trauma is complicated by the
multiplicity of cellular systems involved (Fig. 1.2).

During the last two decades, significant advances have
been made in the understanding of the biology behind
wound healing in general and new details concerning the
regulating mechanisms have been discovered.

While a vast body of knowledge exists concerning the
healing of cutaneous wounds, relatively sparse information
exists concerning healing of oral mucosa and odontogenic
tissues. This chapter describes the general features of wound
healing, and the present knowledge of the cellular systems
involved. Wound healing as it applies to the specific odon-
togenic tissues will be described in Chapter 2.

Wound healing biology

Wound healing is a dynamic, interactive process involving
cells and extracelluar matrix and is dependent on internal as
well as external factors. Different schemes have been used in
order to summarize the wound healing process. With
increasing knowledge of the involved processes, cell types
etc., a complete survey of all aspects will be hugely difficult
to overview. The authors have for many years used a modi-
fication of the original Hunt flow diagram for wound
healing (19) (Fig 1.2). This diagram illustrates the main
events in superficial epithelialization and production of
granulation tissue.

The wound healing process will be described in detail in
the following section.

1
Wound Healing Subsequent to Injury
F. Gottrup, S. Storgård Jensen & J. O. Andreasen
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Fig. 1.1 Cells involved in the healing event after a tooth luxation. Clockwise from top: endothelial cell and pericytes; thrombocyte (platelet); erythro-
cyte; fibroblast; epithelial cell; macrophage; neutrophil; lymphocytes; mast cell.
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Repair versus regeneration

The goal of the wound healing process after injury is to
restore the continuity between wound edges and to re-estab-
lish tissue function. In relation to wound healing, it is appro-
priate to define various terms, such as repair and
regeneration. In this context, it has been suggested that the
term regeneration should be used for a biologic process by
which the structure and function of the disrupted or lost
tissue is completely restored, whereas repair or scar forma-
tion is a biologic process whereby the continuity of the dis-
rupted or lost tissue is regained by new tissue which does
not restore structure and function (14). Throughout the
text, these terms will be used according to the above defini-
tions. The implication of repair and regeneration as they
relate to oral tissues is discussed in Chapter 2.

Cell differentiation

Cell differentiation is a process whereby an embryonic non-
functional cell matures and changes into a tissue-specific
cell, performing one or more functions characteristic of that
cell population. Examples of this are the mesenchymal par-
avascular cells in the periodontal ligament and the pulp, and
the basal cells of the epithelium. A problem arises as to
whether already functioning odontogenic cells can revert to
a more primitive cell type. Although this is known to take
place in cutaneous wounds, it is unsettled with respect to
dental tissues (see Chapter 2). With regard to cell differen-
tiation, it appears that extracellular matrix compounds, such
as proteoglycans, have a significant influence on cell differ-
entiation in wound healing (25).

Progenitor cells (stem cells)

Among the various cell populations in oral and other tissues,
a small fraction are progenitor cells. These cells are self-per-

petuating, nonspecialized cells, which are the source of new
differentiating cells during normal tissue turnover and
healing after injury (17–19). The role of these in wound
healing is further discussed in Chapter 3.

Cell cycle

Prior to mitosis, DNA must duplicate and RNA be synthe-
sized. Since materials needed for cell division occupy more
than half the cell, a cell that is performing functional syn-
thesis (e.g. a fibroblast producing collagen, an odontoblast
producing dentin or an epithelial cell producing keratin)
does not have the resources to undergo mitosis. Conversely,
a cell preparing for or undergoing mitosis has insufficient
resources to undertake its functions. This may explain why
it is usually the least differentiated cells that undergo prolif-
eration in a damaged tissue, and why differentiated cells do
not often divide (15).

The interval between consecutive mitoses has been
termed the cell cycle which represents an ordered sequence
of events that are necessary before the next mitosis (Fig. 1.3):
The cell cycle has been subdivided into phases such as G1,
the time before the onset of DNA synthesis. In the S phase
the DNA content is replicated, G2 is the time between the S
phase and mitosis, and M the time of mitosis (Fig. 1.3). The
cumulative length of S, G2 and M is relatively constant at
10–12 hours, whereas differences occur among cell types in
the duration of G1 (26).

Cells that have become growth arrested enter a resting
phase, G0, which lies outside the cell cycle. The G0 state is
reversible and cells can remain viable in G0 for extended
periods.

In vivo, cells can be classified as continuously dividing
(e.g. epithelial cells, fibroblasts), non-dividing post-mitotic
(e.g. ameloblasts) and cells reversibly growth arrested in G0

that can be induced to re-enter the proliferative cycle.

Coagulation
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Inflammation
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infection
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Fig. 1.2 Modified Hunt flow diagram
for wound healing.
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Factors leading to fibroblast proliferation have been
studied in the fibroblast system. Resting cells are made com-
petent to proliferate (i.e. entry of G0 cells into early G1 stage)
by so-called competence factors (i.e. platelet derived growth
factor (PDGF), fibroblast growth factor (FGF) and calcium
phosphate precipitates). However, there is no progression
beyond G1 until the appearance of progression factors such
as insulin-like growth factor-1 (IGF-1), epidermal growth
factor (EGF) and other plasma factors (26) (Fig. 1.3).

Cell migration

Optimal wound repair is dependent upon an orderly influx
of cells into the wound area. Directed cell motion requires
polarization of cells and formation of both a leading edge
that attaches to the matrix and a trailing edge that is pulled
along. The stimulus for directional cell migration can be a
soluble attractant (chemotaxis), a substratum-bound gradi-
ent of a particular matrix constituent (haptotaxis) or the
three-dimensional array of extracellular matrix within the
tissue (contact guidance). Finally there is a free edge effect
which occurs in epithelial wound healing (see p. 36) (27, 28).

Typical examples of cells responding to chemotaxis are cir-
culating neutrophils and monocytes and macrophages (see
p. 23). The chemoattractant is regulated by diffusion of the
attractant from its source into an attraction-poor medium.

Cells migrating by haptotaxis extend lamellipodia more or
less randomly and each of these protruding lamellipodia
competes for a matrix component to adhere to, whereby a
leading edge will be created on one side of the cell and a 
new membrane inserted into the leading edge. In that
context, fibronectin and laminin seem to be important for
adhesion (27).

Contact guidance occurs as the cell is forced along paths
of least resistance through the extracellular matrix. Thus,
migrating cells align themselves according to the matrix

configuration, a phenomenon that can be seen in the
extended fibrin strands in retracting blood clots (see p. 9),
as well as in the orientation of fibroblasts in granulation
tissue (29). In this context it should be mentioned that
mechanisms also exist whereby spaces are opened within the
extracellular area when cells migrate. Thus both fibroblasts
and macrophages use enzymes such as plasmin, plasmino-
gen and collagenases for this purpose (30).

During wound repair, a given parenchymal cell may
migrate into the wound space by multiple mechanisms
occurring concurrently or in succession. Factors related to
cell migration in wound healing are described later for each
particular cell type.

Dynamics of wound repair

Classically the events taking place after wounding can be
divided into three phases, namely the inflammation, the pro-
liferation and the remodeling phases (5, 13, 20–23, 31). The
inflammation phase may, however, be subdivided into a
hemostasis phase and an inflammatory phase. But, it should
be remembered that wound healing is a continuous process
where the beginning and end of each phase cannot be clearly
determined and phases do overlap.

Tissue injury causes disruption of blood vessels and
extravasation of blood constituents. Vasoconstriction pro-
vides a rapid, but transient, decrease in bleeding. The 
extrinsic and intrinsic coagulation pathways are also imme-
diately activated. The blood clots together with vasocon-
striction re-establish hemostasis and provide a provisional
extracellular matrix for cell migration. Adherent platelets
undergo morphological changes to facilitate formation of
the hemostatic plug and secrete several mediators of wound
healing such as platelet derived growth factor, which attract
and activate macrophages and fibroblasts. Other growth
factors and a great number of other mediators such as
chemoattractants and vasoactive substances are also
released. The released products soon initiate the inflamma-
tory response.

Inflammation phase

Following the initial vasoconstriction a vasodilatation takes
place in the wound area. This supports the migration of
inflammatory cells into the wound area (Fig. 1.4).

These processes take place in the coagulated blood clot
placed in the wound cavity. When prothrombin changes to
thrombin, cleaving the fibrinogen molecule to fibrin, the
clot turns into a fibrin clot, which later becomes the wound
crust in open wounds. Fibronolytic activity is, however, also
present in this early stage of healing. From plasminogen is
produced plasmin which digests fibrin leading to the
removal of thrombi. Fibrin has its main effect when angio-
genesis starts and the restoration of vascular structure
begins.

Neutrophils, lymphocytes and macrophages are the first
cells to arrive at the site of injury. Their major role is to guard

DNA synthesis

G2

G1G0

S

M mitosis

PDGF
FGF
Calcium phosphate
precipitate

IGF-1
EGF

Fig. 1.3 Cell cycle. G0 = resting phase; G1 = time before onset of DNA
synthesis; S = replication of DNA; G2 = time between DNA replication and
mitosis; M = mitosis.
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Fig. 1.4 Cellular components and mediators in the wound healing module. Signals for wound healing are released by platelets, fibrin, plasma leakage,
damaged cells and matrix. Furthermore low oxygen tension and a high lactate concentration in the injury site contribute an important stimulus for
healing.
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against the threat of infection, as well as to cleanse the
wound site of cellular matrix debris and foreign bodies.
The macrophages appear to direct the concerted action of
the wound cell team (Fig. 1.4).

Proliferative phase (fibroplasia)

This is called the fibroplasia phase or regeneration phase and
is a continuation of the inflammatory phase, characterized
by fibroblast proliferation and migration and the produc-
tion of connective tissue. It starts about day 2 after the tissue
trauma and continues for two to three weeks after the
trauma in the case of a closed wound. This phase can be
extended significantly in the case of an open wound with
severe tissue damage, where complete closure will require
production of a large amount of connective tissue.

In response to chemoattractants created in the inflam-
mation phase, fibroblasts invade the wound area and this
starts the proliferation phase. The invasion of fibroblasts
starts at day 2 after injury and by day 4 they are the major
cell type in normal healing. Fibroblasts are responsible for
replacing the fibrin matrix (clot) with collagen-rich new
stroma often called granulation tissue. In addition, fibrob-
lasts also produce and release proteoglycans and gly-
cosaminoglycan (GAG), which are important components
of the extracellular matrix of the granulation tissue. Vascu-
lar restoration uses the new matrix as a scaffold and numer-
ous new capillaries endow the new stroma with a granular
appearance (angiogenesis). Macrophages provide a contin-
uing source of growth factors necessary to stimulate fibro-
plasia and angiogenesis. The structural molecules of newly
formed extracellular matrix, termed provisional matrix,
produce a scaffold or conduit for cell migration. These mol-
ecules include fibrin, fibronectin and hyaluronic acid.
Fibronectin and the appropriate integrin receptors bind
fibronectin, fibrin or both on fibroblasts appearing to limit
the rate of formation of granulation tissue.

Stimulated by growth factors and other signals, fibroblasts
and endothelial cells divide, and cause a capillary network
to move into the wound site which is characterized by
ischemic damaged tissue or a coagulum.

The increasing numbers of cells in the wound area induce
hypoxia, hypercapnia and lactacidosis, due to the increased
need for oxygen in an area with decreased oxygen delivery
because of the tissue injury (32, 33).

At cellular level oxygen is an essential nutrient for cell
metabolism, especially energy production. This energy is
supplied by the coenzyme adenosine triphosphate (ATP),
which is the most important store for chemical energy on
the molecular/enzymatic level and is synthesized in mito-
chondria by oxidative phosphorylation. This reaction is
oxygen dependent.

NADPH-linked oxygenase is the responsible enzyme for
the respiratory burst that occurs in leukocytes. During 
the inflammatory phase of the healing process NADPH-
linked oxygenase produces high amounts of oxidants by
consuming high amounts of oxygen (34). Successful wound
healing can only take place in the presence of the enzyme,

because oxidants are required for prevention of wound
infection.

Not only phagocytes, but almost every cell in the wound
environment is fitted with a specialized enzyme to convert
O2 to reactive oxygen species (ROS), including oxidizing
species such as free radicals and hydrogen peroxide (H2O2)
(35, 36). These ROS act as cellular messengers to promote
several important processes that support wound healing.
Thus O2 has a role in healing beyond its function as nutri-
ent and antibiotic. Given the growth factors, such as platelet-
derived growth factor (PDGF), require ROS for their action
on cells (35, 37), it is clear that O2 therapy may act as an
effective adjunct. Clinically this has been found in chronic
granulomatous disease (CGD) where there are defects in
genes that encode NADPH oxidase. The manifestations of
this defect are increased susceptibility to infection and
impaired wound healing (625).

Simultaneously, the basal cells in the epithelium divide
and move into the injury site, thereby closing the defect.
Along with revascularization, new collagen is formed 
which, after 3–5 days, adds strength to the wound. The high
rate of collagen production continues for 10–12 days,
resulting in strengthening of the wound. At this time 
healing tissue is dominated by capillaries and immature 
collagen.

The fibroblasts are responsible for the synthesis, deposi-
tion and remodeling of the extracellular matrix, which con-
versely can have an influence on the fibroblast activities. Cell
movements at this stage into the fibrin clot or tightly woven
extracellular matrix seem to require an active proteolytic
system that can cleave a path for cell migration. Fibroblast
derived enzymes (collagenase, gelatinase A, etc.) and serum
plasmin are potential candidates for this task (23).

After fibroblast migration into the wound cavity the pro-
visional extracellular matrix is gradually replaced with col-
lagenous matrix. Once an abundant collagen matrix has
been deposited in the wound, the fibroblasts stop producing
collagen, and the fibroblast rich granulation tissue is
replaced by a relatively acellular scar. Cells in the wound
undergo apoptosis (cell death) triggered by unknown
signals, but doing so the fibroblast dies without raising an
inflammatory response. Deregulation of these processes
occurs in fibrotic disorders such as keloid formation,
morphea and scleroderma. Collagen synthesis and secretion
requires hydroxylation of proline and lysine residues. Suffi-
cient blood flow delivering adequate molecular oxygen is
pivotal for this process.

Collagen production/deposition and development of
strength of the wound is directly correlated to the partial
pressure PO2 of the tissue (PtO2) (38–40). Synthesis of col-
lagen, cross-linking and the resulting wound strength relies
on the normal function of specific enzymes (41, 42). The
function of these enzymes is directly related to the amount
of oxygen present, e.g. hydrolyzation of proline and lysine
by hydroxylase enzymes (43).

Recently it has been shown that oxygen also may trigger
the differentiation of fibroblasts to myofibroblasts, cells
responsible for wound contraction (44).



Wound Healing Subsequent to Injury 7

Neovascularization/angiogenesis

Early in the healing process there is no vascular supply to
the injured area, but the stimulus for angiogenesis is present:
growth factors released by especially macrophages, low
oxygen and elevated lactate. The angiogenesis starts the day
after the lesion. Angiogenesis is complicated, involving
endothelial cells and activated epidermal cells. Proteolytic
enzymes degrade the endothelial basement membrane
allowing endothelial cells from the surroundings of the
wound area to proliferate, migrate and form new vessels.
The establishment of new blood vessels occurs by the
budding or sprouting of intact venoles and the sprouts meet
in loops (259, 377; see p. 30). The presence of capillary loops
within the provisional matrix provides the tissue with a red
granular appearance. Once the wound is filled with new
granulation tissue angiogenesis ceases and many of the
blood vessels disintegrate as a result of apoptosis. Angio-
genesis is dependent upon the extracellular matrix (ECM)
(623, 624).

While hypoxia can initiate neovascularization, it cannot
sustain it. Supplementary oxygen administration accelerates
vessels’ growth (35, 45). Vascular endothelial growth factor
(VEGF) has been established as a major long-term angio-
genetic stimulus at the wound site. Recently the cell response
to hypoxia has been further elucidated. Hypoxia inducible
factor 1 (HIF-1) has been identified as a transcription factor
that is induced by hypoxia (46, 48).

In the presence of normal oxygen tensions HIF-1 tran-
scriptional activity is ubiquinated and degraded (47). HIF-1
seems to upregulate genes involved in glucose metabolism
and angiogenesis under hypoxia and in a model of myocar-
dial and cerebral ischemia the factor seems to protect cells
from damage. The exact molecular mechanisms of how
hypoxia is sensed by the cells are still unknown.

The arrangement of cells in the proliferative phase has
been examined in rabbits using ear chambers where wounds
heal between closely approximated, optically clear mem-
branes (33, 49). It appears from these experiments that
macrophages infiltrate the tissue in the dead space, followed
by immature fibroblasts. New vessels are formed next to
these fibroblasts which synthesize collagen. This arrange-
ment of cells, which has been termed the wound healing
module, continues to migrate until the tissue defect is oblit-
erated. The factors controlling the growth of the wound
healing module are described on p. 38.

Epithelialization

Re-epithelialization of wounds begins within hours after
injury. If parts of dermis layers are intact, epidermal cells
from skin appendages such as hair follicles quickly remove
clotted blood and damaged stroma and cover the wound
space. This results in fast epithelialization. If dermis is totally
destroyed the epithelialization only takes place from the
wound edges and epithelialization can continues for a con-
siderable time dependent on wound area.

During epithelialization the cells undergo considerable
phenotypic alteration including retraction of intracellular

tonofilaments, dissolution of most intercellular desmo-
somes and formation of peripheral cytoplasmatic actin fila-
ments, which allow cell movement. Furthermore the cells no
longer adhere to one another and the basement membrane.
This allows migration of the cells dissecting the wound and
separating scar from viable tissue. Integrin expression of the
migrating epidermal cells appears to determine the path of
dissection (23). Epidermal cell migration between collage-
nous dermis and the fibrin scar requires degradation of
extracellular matrix. This is achieved by production of pro-
teinases (collagenases, e.g. MMP-1) and activation of
plasmin by activators produced by epidermal cells. In well
adapted, non-complicated surgical incisional wounds the
first layers of epidermal cells move over the incisional line
1–2 days after suturing. At the same time epidermal cells at
the wound margin in open wounds begin to proliferate
behind the actively migrating cells. The stimulus for migra-
tion and proliferation of epidermal cells is unknown, but the
absence of neighbor cells at the margin of the wound (free
edge effect), local release of growth factors and increased
expression of growth factor receptors may be a suggestion.

During dermal migration from the wound margin a base-
ment membrane reappears in a ziplike fashion and
hemidesmosomes and type VII collagen anchoring fibrils
form. Epidermal cells firmly attached to the basement mem-
brane and underlying dermis revert to normal phenotype.

The production of epithelial tissue is primarily dependent
on the degree of hydration and oxygen. While a moist wound
environment increases the rate of epithelialization by a factor
of 2–3 (50, 51), the optimal growth of epidermal cells is
found at an oxygen concentration of 10–50% (52–54).

Wound contraction

Wound contraction is a complex process, beneficial because
a portion of the lesion is covered by skin despite scar tissue
and thus it decreases complications by decreasing the open
skin wound area. During the second week of healing, fibrob-
lasts assume a myofibroblast phenotype characterized by
large bundles of actin containing microfilaments (55). The
stimulus for contraction probably is a combination of
growth factors, integrin attachment of the myofibroblasts to
collagen matrix and cross-links between collagen bundles
(23). Wound contraction seems to be related to the early
wound healing period and the effect decreases in time; in
chronic unclosed wounds no wound contraction exists.

Scar contracture

As opposed to the process of wound contraction of skin
edges, this is a late pathological process in wound healing. It
consists of a contraction of large amounts of scar tissue fol-
lowed by immobilization of the affected area (e.g. a joint). In
scar contracture, the wound area as well as adjacent tissue
shrink as opposed to contraction where only the wound 
area is involved. The morbidity of scar contracture is a major
problem in the rehabilitation of severely injured patients.
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Remodeling phase

The remodeling phase is also called the moderation phase or
the scar phase.

In closed wounds this phase starts 2–3 weeks after closure,
while it does not start in open wounds before the wound has
healed. Granulation tissue covered by epidermis is known to
undergo remodeling earlier than uncovered granulation
tissue. The length of this is unknown; some have argued 
one year but others have claimed the rest of the patient’s 
life.

During this phase the granulation tissue is remodeled and
matured to a scar formation. When granulation tissue is
covered by epithelium it undergoes remodeling. Similarly a
wound covered by a graft will continue the remodeling
phase. This results in a decrease in cell density, numbers of
capillaries and metabolic activity (55). The collagen fibrils
will be united into thicker fiber bundles. There is a major
difference between dermis and scar tissue in the arrange-
ment of collagen fiber bundles. In scar tissue, as in granula-
tion tissue, they are organized in arrays parallel to the
surface, while in dermis more in basket weave pattern (21).
This difference results in a more rigid scar tissue. The colla-
gen composition change from granulation tissue to scar
tissue where there is collagen type III decreases from 30% to
10%. In the remodeling phase the biomechanical strength of
a scar increases slightly, despite no extra collagen being pro-

duced. This increase relates primarily to a better architec-
tural organization of the collagen fiber bundles.

The epidermis of a scar differs from normal skin by
lacking the rete pegs, which are anchored within the under-
lying connective tissue matrix (21). Furthermore there is no
regeneration of lost subepidermal appendages such as hair
follicles or sweat glands in a scar.

Types of wound after injury

Wounds can be divided into different types, according to
healing and associated wound closure methods (56–58)
(Fig. 1.5). This distinction is based on practical treatment
regimens while the basic biological wound healing
sequences are similar for all wound types.

Primary healing, or healing by first intention, occurs when
wound edges are anatomically accurately opposed and
healing proceeds without complication. This type of wound
heals with a good cosmetic and functional result and with a
minimal amount of scar tissue. These wounds, however, are
sensitive to complications, such as infection.

Secondary healing, or healing by second intention, occurs
in wounds associated with tissue loss or when wound edges
are not accurately opposed. This type of healing is usually

A B C

D E F

G H I

J K L

Fig. 1.5 Wound healing events
related to the type of wound and sub-
sequent treatment. A–C: incisional
wound with primary closure; D–F:
open and non-sutured wound; G–I:
delayed primary closure; J–L: second-
ary closure. From GOTTRUP (56) 1991.



Wound Healing Subsequent to Injury 9

the natural biological process that occurs in the absence of
surgical intervention. The defect is gradually filled by gran-
ulation tissue and a considerable amount of scar tissue will
be formed despite an active contraction process. The result-
ing scar is less functional and often sensitive to thermal and
mechanical injury. Furthermore, this form of healing
requires considerable time for epithelial coverage and scar
formation, but is rather resistant to infection, at least when
granulation tissue has developed.

Surgical closure procedures have combined the advan-
tages of the two types of healing. This has led to a technique
of delayed primary closure, where the wound is left open for
a few days but closure is completed before granulation tissue
becomes visible (usually a week after wounding) and the
wound is then healed by a process similar to primary healing
(59, 60, 435, 614). The resulting wound is more resistant to
healing complications (primarily infection) and is function-
ally and cosmetically improved. If visible granulation tissue
has developed before either wound closure or wound con-
traction has spontaneously approximated the defect, it is
called secondary closure. This wound is healed by a process
similar to secondary healing and scar formation is more
pronounced than after delayed primary closure. The differ-
ent closure techniques are shown in Fig. 1.5. The following
section describes the sequential changes in tissue compo-
nents and their interactions seen during the wound healing
process.

Tissues and compounds in wound 
healing

Hemostasis phase and coagulation cascade

An injury that severs the vasculature leads to extravasion of
plasma, platelets, erythrocytes and leukocytes. This initiates
the coagulation cascade that produces a blood clot usually
after a few minutes and which, together with the already
induced vascular contraction, limits further blood loss (Fig.
1.6). The tissue injury disrupts the endothelial integrity of
the vessels, and exposes the subendothelial structures and
various connective tissue components. Exposure of type IV
and V collagen in the subendothelium promotes binding
and aggregation of platelets and their structural proteins
(61, 62). Exposure of collagen and other activating agents
provokes endothelial cells and platelets to secrete several
substances, such as fibronectin, serotonin, platelet derived
growth factor (PDGF), adenosine diphosphate (ADP)
thromboxane A and others. Following this activation,
platelets aggregate and platelet clot formation begins within
a few minutes. The clot formed is impermeable to plasma
and serves as a seal for ruptured vasculature as well as to
prevent bacterial invasion (62). In addition to platelet aggre-
gation and activation, the coagulation cascade is initiated
(Fig. 1.6).

The crucial step in coagulation is the conversion of fib-
rinogen to fibrin which will create a threadlike network to

entrap plasma fractions and formed elements. This fibrin
blood clot is formed both intravascularly and extravascu-
larly and supports the initial platelet clot (Fig. 1.6). Extrin-
sic and intrinsic clotting mechanisms are activated, each
giving rise to cascades that will convert prothrombin to
thrombin, and in turn cleave fibrinogen to fibrin which then
polymerizes to form a clot (63).

The extrinsic coagulation pathway is initiated by tissue
thromboplastin and coagulation Factor VII, whereas the ini-
tiator of the intrinsic coagulation cascade consists of
Hageman factor (Factor XII), prekallikrein and HMW-
kinogen. The extrinsic coagulation pathway is the primary
source of clotting, while the intrinsic coagulation pathway is
probably most important in producing bradykinin, a
vasoactive mediator that increases vascular permeability
(64).

Products of the coagulation cascade regulate the cells in
the wound area. Thus intact thrombin serves as a potent
growth stimulator for fibroblasts and endothelial cells 
(65, 66) whereas degraded thrombin fragments stimulate
monocytes and platelets (67–69). Likewise plasmin acts 
as a growth factor for parenchymal cells (69). Fibrin acts as
a chemoattractant for monocytes (70) and induces angio-
genesis (64). Other mediators created by blood coagulation
for wound healing include kallikrein, bradykinin, and C3a
and C5a through a spillover activation of the complement
cascade and most of these factors act as chemoattractants
for circulating leukocytes. Thus apart from ensuring hemo-
stasis, the clot also initiates healing (Fig. 1.4).

If the blood clot is exposed to air it will dry and form a scab
which serves as a temporary wound dressing. A vast network
of fibrin strands extends throughout the clot in all directions
(Fig. 1.6). These strands subsequently undergo contraction
and become reoriented in a plane parallel to the wound edges
(71, 72). As the fibrin strands contract, they exert tensional
forces on the wound edges whereby serum is extruded from
the clot and the distance between wound edges is decreased.
Contraction and reorientation of the fibrin strands later
serve as pathways for migrating cells (see p. 29).

If proper adaptation of the wound edges has occurred the
extravascular clot forms a thin gel filling the narrow space
between the wound edges and gluing the wound edges
together with fibrin.

If hemostasis is not achieved, blood will continue to leak
into the tissue, leading to a hematoma and a coagulum
which consists of serum plasma fraction, formed elements
and fibrin fragments. The presence of such a hematoma will
delay the wound healing and increase the risk of infection
(77).

Coagulation

More extensive blood clot formation is undesirable in most
wounds as the clots present barriers between tissue surfaces
and force wounds that might have healed without a clot to
heal by secondary intention. In oral wounds such as extrac-
tion sockets, blood clots are exposed to heavy bacterial col-
onization from the saliva (74). In this location neutrophil
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leukocytes form a dense layer on the exposed blood clot and
the most superficial neutrophils contain many phagocytosed
bacteria (75).

The breakdown of coagulated blood in the wound 
releases ferric ions into the tissue which have been shown to

decrease the nonspecific host response to infection 
(76). Furthermore, the presence of a hematoma in the tissue
may increase the chance of infection (77).

Clot adhesion to the root surface appears to be important
for periodontal ligament healing. Thus an experiment has

INTRINSIC PATHWAY

Exposure of platelets to
subendothelial collagen

EXTRINSIC PATHWAY

Exposure of blood to
tissue thromboplastin

Fibrinogen

Prothrombin
Thrombin

Factor XII
Factor XII
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VII

X

Fig. 1.6 Extrinsic and intrinsic coagulation cascade.
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shown that heparin impregnated root surfaces, which pre-
vented clot formation, resulted in significantly less connec-
tive tissue repair and an increase in downgrowth of pocket
epithelium after gingival flap surgery (78).

Fibrin

During the coagulation process, fibrinogen is converted to
fibrin which, via a fishnet arrangement with entrapped ery-
throcytes, stabilizes the blood clot (Figs 1.6 and 1.7).

In the early acute inflammatory period extravasation of a
serous fluid from the leaking vasculature accumulates as 
an edema in the tissue spaces. This transudate contains fib-
rinogen which forms fibrin when acted upon by thrombin
(Fig. 1.7). Fibrin plugs then seal damaged lymphatics and
thereby confine the inflammatory reaction to an area imme-
diately surrounding the wound.

Fibrin has been found to play a significant role in wound
healing by its capacity to bind to fibronectin (63). Thus
fibronectin present in the clot will link to both fibrin and to
itself (79, 80).

Fibrin clots and fibrinopeptides are weak stimulators of
fibroblasts (81), an effect which is prevented by depletion of
fibronectin (82). It has also been proposed that an interac-
tion may take place between hyaluronic acid and fibrin
which creates an initial scaffold on which cells may migrate
into the wound (83).

The extravascular fibrin forms a hygroscopic gel that facil-
itates migration of neutrophils and macrophages, an effect
which possibly reflects a positive interaction between the
macrophage surface and the fibrin matrix. Fibrin has also
been shown to elicit fibroblast migration and angiogenesis,
both of which initiate an early cellular invasion of the clot
(63, 64, 84–86).

Fibrin clots are continuously degraded over a 1–3 week
period (73, 87, 88). This occurs during the fibrinolysis
cascade which is activated by the plasminogen present in
damaged endothelial cells and activated granulocytes and
macrophages (87–89; Fig. 1.7).

In experimental replantation of teeth in monkeys it has
been found that collagen fiber attachment to the root surface
was preceded by fibrin leakage, and that this leakage was an
initial event in the wound healing response (90).

In summary, the blood clot, apart from being responsible
for hemostasis, also serves the purpose of initiating wound
healing including functioning as a matrix for migrating con-
nective cells.

Fibronectin

Fibronectin is a complex glycoprotein, which can be present
as soluble plasma fibronectin, produced by hepatocytes, or
stromal fibronectin, found in basal laminae and loose con-
nective tissue matrices where it is produced by fibroblasts,

Fig. 1.7 Schematic illustration of the
presence of fibrin in experimental skin
wounds in guinea pigs. The scale is
semiquantitative, graded from 0 to 3.
From ROSS & BENDITT (73) 1961.
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macrophages and epithelial cells (91, 92). During wound
healing, fibronectin is also produced locally by fibroblasts
(93), macrophages in regions where epidermal cell migra-
tion occurs (92), endothelial cells (94, 95), and by epidermal
cells (96).

Fibronectin plays many roles in wound healing, including
platelet aggregation, promotion of re-epithelialization, cell
migration, matrix deposition and wound contraction 
(92, 97).

In wound healing, fibronectin is the first protein to be
deposited in the wound (98) and therefore, together with
fibrin, serves as a preliminary scaffold and matrix for
migrating cells (99) (see p. 29). Thus plasma fibronectin is
linked to fibrin which has been spilled from damaged vessels
or from highly permeable undamaged vessels (see p. 29) (97,
100). The fibrin–fibronectin complex forms an extensive
meshwork throughout the wound bed which facilitates
fibroblast attachment and migration into the clot (80,
101–103). Furthermore, soluble fibronectin fragments are
chemotactic for fibroblasts and monocytes (104).

Fibronectin appears also to guide the orderly deposition
of collagen within the granulation tissue. Thus fibronectin
serves as the scaffold for deposition of types III and I 
collagen (105–109) as well as collagen type VI (109). As
dermal wounds age, bundles of type I collagen become 
more prominent at the expense of type III collagen
fibronectin (106). Finally, fibronectin seems to represent a
necessary link between collagen and fibroblasts which makes
it possible to generate the forces in wound contraction 
(92, 110).

In endothelium during wound healing, fibronectin is
found in the basement membrane and reaches a maximum
at approximately the same time as the peak in endothelial
cell mitosis occurs, indicating a possible role of fibronectin
in endothelial cell migration (111).

In epithelialization, it has been found that fibronectin is
implicated in epidermal cell adhesion, migration and differ-
entiation (96, 111–114). Thus migrating epithelial cells are
supported by an irregular band of fibrin–fibronectin matrix
which provides attachment and a matrix for prompt migra-
tion (87, 108).

Clinically, fibronectin has been used to promote attach-
ment of connective tissue to the exposed root and surfaces,
and thereby limiting epithelial downgrowth (117–123). Fur-
thermore fibronectin has been shown to accelerate healing
of periodontal ligament fibers after tooth replantation (120).
This effect has also been shown to occur in experimental
marginal periodontal defects in animals (121, 122) as well
as in humans (123).

Complement system

The complement system consists of a group of proteins that
play a central role in the inflammatory response. One of the
activated factors, C5a, has the ability to cleave its C-termi-
nal arginine residue by a serum carboxypeptidase to form

C5a-des-arg which is a potent chemotactic factor for attract-
ing neutrophils to the site of injury (124, 125).

Necrotic cells

Dead and dying cells release a variety of substances that may
be important for wound healing such as tissue factor, lactic
acid, lactate dehydrogenase, calcium lysosomal enzymes and
fibroblast growth factor (FGF) (126).

Matrix

Proteoglycans and hyaluronic acid

All connective tissues contain proteoglycans. In some
tissues, such as cartilage, proteoglycans are the major con-
stituent and add typical physical characteristics to the matrix
(127).

Chondroitin sulfate proteoglycans
Chondrocytes, fibroblasts and smooth muscle cells are all
able to produce these proteoglycans. Chondroitin sulfate
impairs the adhesion of cells to fibronectin and collagen and
thereby promotes cell mobility. Skin contains proteoglycans,
termed dermatan sulfates, which are involved in collagen
formation.

Heparin and heparan sulfate proteoglycans
Heparins are a subtype with an anticoagulant activity.
Heparan sulfates are produced by mast cells and adhere to
cell surfaces and basement membranes.

Keratan sulfates are limited to the cornea, sclera and car-
tilage. Their role in wound healing is unknown.

Hyaluronic acid is a ubiquitous connective tissue compo-
nent and plays a major role in the structure and organiza-
tion of the extracellular matrix. Hyaluronic acid has been
implicated in the detachment process of cells that allows
cells to move. Furthermore hyaluronic acid inhibits cell dif-
ferentiation. Because of its highly charged nature, hyaluronic
acid can absorb a large volume of water (128).

The role of proteoglycans during wound healing is not
fully understood (129). Heparin may play a role in the
control of clotting at the site of tissue damage. Proteogly-
cans are also suspected of playing an important role in the
early stages of healing when cell migration occurs. Thus
hyaluronic acid may be involved in detachment of cells so
that they can move (130). Furthermore, proteoglycans may
provide an open hydrated environment that promotes cell
migration (129, 131, 133).

The proliferative phase of healing involves cell duplica-
tion, differentiation and synthesis of extracellular matrix
components. Thus hyaluronidate has been found to keep
cells in an undifferentiated state which is compatible with
proliferation and migration (127). At this stage chondroitin
and heparan sulfates are apparently important in collagen
fibrillogenesis (127) and mast cell heparin promotes capil-
lary endothelial proliferation and migration (132). Further-
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more, when endothelium is damaged, a depletion of growth-
suppressing heparan sulfate may allow PDGF or other
stimuli to stimulate angiogenesis (133).

The combined action of substances released from
platelets, blood coagulation and tissue degradation results 
in hemostasis, initiation of the vasculatory response and
release of signals for cell activation, proliferation and 
migration.

The role of the anticoagulant heparin is to temporarily
prevent coagulation of the excess tissue fluid and blood
components during the early phase of the inflammatory
response.

Inflammatory phase mediators

The sequence of the inflammatory process is directed by dif-
ferent types of chemical mediators which are responsible for
vascular changes and migration of cells into the wound area
(Fig 1.6).

Mediators responsible for vascular changes

Inflammatory mediators such as histamine, kinins and sero-
tonin cause vasodilatation unless autonomic stimulation
overrules them.

The effect of these mediators is constriction of smooth
muscles. This influences endothelial and periendothelial
cells, providing reversible opening of junctions between cells
and permitting a passage of plasma solutes across the vas-
cular barrier. These mediators are released primarily during

the process of platelet aggregation and clotting. The best
known mediators related to the vascular response are shown
in Table 1.1.

Histamine

The main sources of histamine in the wound appear to be
platelets, mast cells, and basophil leukocytes. The histamine
release causes a short-lived dilation of the microvasculature
(137) and increased permeability of the small venules. The
endothelial cells swell and separations occur between the
individual cells. This is followed by plasma leaking through
the venules and the emigration of polymorphonuclear
leukocytes (137–141).

Serotonin

Serotonin (5-hydroxytryptamine) is generated in the wound
by platelets and mast cells. Serotonin appears to increase the
permeability of blood vessels, similarly to histamine, but
appears to be more potent (139, 140). Apart from causing
contraction of arterial and venous smooth muscles and dila-
tion of arterioles, the net hemodynamic effect of serotonin
is determined by the balance between dilation and contrac-
tion (137, 142).

Prostaglandins

Other mediators involved in the vascular response are
prostaglandins (PG). These substances are metabolites of
arachidonic acid and are part of a major group called
eicosanoids, which are also considered primary mediators in
wound healing (143). Prostaglandins are the best known
substances in this group and are released by cells via arachi-
donic acid following injury to the cell membrane. These
include PGD2, PGE2, PGF2, thromboxane A2 and prostacy-
cline (PGI2). These components have an important influ-
ence on vascular changes and platelet aggregation in the
inflammatory response and some of the effects are antago-
nistic. Under normal circumstances, a balance of effects is
necessary. In tissue injury, the balance will shift towards
excess thromboxane A2, leading to a shutdown of the
microvasculature (143).

New research suggests that prostaglandins, and especially
PGF2, could be endogenous agents that are able to initiate
repair or reconstitute the damaged tissue (144). Thus
biosynthesis of PGF2 has been shown to have an important
effect on fibroblast reparative processes (145), for which
reason this prostaglandin may also have an important influ-
ence on later phases of the wound healing process. The effect
of prostaglandins on the associated inflammatory response
elicited subsequent to infection is further discussed in
Chapter 2.

Bradykinin

Bradykinin released via the coagulation cascade relaxes vas-
cular smooth muscles and increases capillary permeability

Table 1.1 Mediators of vascular response in inflammation. Modified from
VENGE (136) 1985.

Mediator Originating cells

Humoral Complement
Kallikrein–Kinin system
Fibrin

Cellular Histamine Thrombocytes
Mast cells
Basophils

Serotonin Thrombocytes
Mast cells

Prostaglandins Inflammatory cells

Thromboxane A2 Thrombocytes
Neutrophils

Leukotrienes Mast cells
Basophils
Eosinophils
Macrophages

Cationic peptides Neutrophils

Oxygen radicals Neutrophils
Eosinophils
Macrophages
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leading to plasma leakage and swelling of the injured 
area.

Neurotransmitters (norepinephrine, epinephrine 
and acetylcholine)

The walls of arteries and arterioles contain adrenergic and
cholinergic nerve fibers. In some tissue the sympathetic
adrenergic nerve fibers may extend down to the capillary
level. Tissue injury will stimulate the release of neurotrans-
mitters which results in vasoconstriction.

Mediators with chemotactic effects

These mediators promote migration of cells to the area of
injury and are thus responsible for the recruitment of the
various cells which are involved in the different phases of
wound healing (Fig. 1.4).

The first cells to arrive in the area are the leukocytes. The
chemotactic effects are mediated through specific receptors
on the surface of these cells. Complement activated prod-
ucts like C5a, C5a-des-arg, and others cause the leukocytes
to migrate between the endothelial cells into the inflamma-
tory area. This migration is facilitated by the increased cap-
illary permeability that follows the release of the earlier
mentioned mediators. Further leukocyte chemoattractants
include kallikrein and plasminogen activator, PDGF and
platelet factor 4.

Other types of chemotactic receptors are involved when
leukocytes recognize immunoglobulin (Ig) and complement
proteins such as C3b and C3bi. The mechanism appears 
to be that B lymphocytes, when activated, secrete
immunoglobulin which again triggers the activation of the
complement system resulting in production of chemoat-
tractants such as C5a-des-arg (146).

Other mediators involved in chemoattraction will be
mentioned in relation to the cell types involved in the
wound healing process.

S. Storgård Jensen

Growth factors

Growth factors are a group of polypeptides involved in cel-
lular chemotaxis, differentiation, proliferation, and synthe-
sis of extracellular matrix during embryogenesis, postnatal
growth and adulthood.

All wound healing events in both hard and soft tissues are
influenced by polypeptide growth factors, which can be
released from the traumatized tissue itself, can be harbored
in the quickly formed blood clot or brought to the area by
neutrophils or macrophages.

Growth factors are local signaling molecules. They can act
in a paracrine manner where they bind to receptors on the
cell surface of neighboring target cells, leading to initiation
of specific intracellular transduction pathways; or they can
act in an autocrine manner, whereby the function is elicited

on the secreting cell itself. Additionally, elevated serum levels
have been demonstrated for a few growth factors which may
indicate an endocrine effect. Complex feedback loops regu-
late the production of the individual growth. The effect of
each growth factor is highly dependent on the concentration
and on the presence of other growth factors. A growth 
factor can have a stimulatory effect on a specific cell type,
whereas an increased concentration may inhibit the exact
same cell type. Two different growth factors with a known
stimulatory effect on a cell type can in combination result
in both an agonistic, synergistic, and even an antagonistic
effect.

Growth factors may have the potential to improve healing
of traumatized tissues in several ways. First, some growth
factors have the ability to recruit specific predetermined cell
types and pluripotent stem cells to the wounded area by
chemotaxis. Second, they may induce differentiation of mes-
enchymal precursor cells to mature secreting cells. Third,
they often stimulate mitosis of relevant cells, and thereby
increase proliferation. Fourth, several growth factors have
the ability to increase angiogenesis, the ingrowth of new
blood vessels. Finally, they can have a profound effect on
both secretion and breakdown of extracellular matrix
(ECM) components.

The most important growth factors are listed in Table 1.2
and a brief summary of their characteristics, including their
presumed role in wound repair and regeneration is given
below.

Dentoalveolar traumas may involve a multitude of tissues
like oral mucosa, periodontal ligament, root cementum,
dentin, dental pulp, bone, skin, blood vessels and nerves.
Only a few clinical studies have evaluated the use of growth
factors specifically for oral and maxillofacial traumas (p. 16).

Platelet derived growth factor (PDGF) consists of two
amino acid chains and comes in homo- and heterodimeric
isoforms (AA, AB, BB, CC, and DD, where AA, AB, and BB
are the best documented) (147). PDGF binds to two specific
receptors: α and β. Differential binding of the different iso-
forms to the receptors contributes to the varying effects 
of PDGF. As the name implies, PDGF is released from
platelets, where it is present in large amounts in α-granules.
Platelets are activated by thrombin or fibrillar collagen.
Other sources of PDGF are macrophages, endothelial cells
and fibroblasts. PDGF was the first growth factor shown to
be chemotactic for cells migrating into the wound area, such
as neutrophils, monocytes, and fibroblasts. Additionally,
PDGF stimulates proliferation and ECM production of
fibroblasts (148) and activates macrophages to debride the
wound area (149).

Transforming growth factors (TGFs) comprise a large
family of cytokines with a widespread impact on the for-
mation and development of many tissues (among those, the
BMPs, which are described separately). This factor has
earlier been divided into α and β subtypes, where the latter
is the most important for the wound healing process (150).
TGF-β is mainly released from platelets and macrophages as
a latent homodimer that must be cleaved to be activated.
This latent form is present in both wound matrix and saliva.



Wound Healing Subsequent to Injury 15

TGF-β is known to be a strong promoter of extracellular
matrix production of many cell types (e.g. collagen and
mucopolysaccharide) including periodontal ligament
fibroblasts. Proliferation of fibroblasts is also induced by
TGF-β, whereas mitogenesis of most other cell types is
inhibited like keratinocytes, lymphocytes and most epithe-
lial cells. Additionally, TGF-β plays a role in immune and
inflammatory regulation. TGF-β is also deposited in bone
matrix where it is released during bone remodeling or in
relation to traumas and acts chemotactic on osteoblasts. The
effects of TGF-β are extremely complex and strongly
dependent on the concentration of the growth factor itself,
the concentration of other growth factors, and the differen-
tiation state of the target cells.

Epidermal growth factor (EGF) was one of the first 
growth factors to be isolated (151). It is produced by
platelets, salivary glands and duodenal glands. TGF-α is
today considered to be a member of the EGF family. The
receptors for EGF have been found in oral epithelium,
enamel organ, periodontal ligament fibroblasts and pre-
osteoblasts (152, 153). Stimulation of the EGF receptor
causes the cells to become less differentiated and to divide
and grow rapidly. In wounds, EGF has been found to

encourage cells to continue through the cell cycle. Such a cell
proliferative effect has been demonstrated in epithelial cells
(154) endothelial cells and periosteal fibroblasts (155). EGF
has also been shown to be chemotactic for epithelial cells
(156) and to stimulate fibroblast collagenase production
(157). In oral tissues it has been shown that EGF controls
the proliferation of odontogenic cells (158) and accelerates
tooth eruption (159).

Insulin-like growth factor (IGF) is a single chain polypep-
tide which structurally is very similar to proinsulin. Two iso-
forms, IGF-I and -II are mainly produced in the liver and
exert their effects in autocrine, paracrine, and endocrine
manners. The endocrine effect is mainly controlled by
growth hormone. Osteoblasts also produce IGF that is
stored in the bone matrix and acts as paracrine and
autocrine (160, 161). IGF alone has hardly any major effect
on wound healing (162). Combinations with other growth
factors, such as PDGF and FGF, have, however, been shown
to have a pronounced stimulatory effect on fibroblast 
proliferation, collagen synthesis, bone formation, and
epithelialization (162).

Fibroblast growth factors (FGFs) comprise a growing
family of polypeptides, currently consisting of more than 20

Table 1.2 Characteristics of Growth factors involved in healing after dental trauma.

Growth factor Originating cells Target cells Main effect Tissue response

PDGF Platelets Neutrophils Chemotaxis Angiogenesis
Macrophages Monocytes Proliferation Macrophage activation
Endothelial cells Fibroblasts 
Osteoblasts Osteoblasts

TGF Platelets Fibroblasts Chemotaxis Collagen production (scarring)
Macrophages Monocytes ECM production Down-regulation of other cell types 
Fibroblasts Neutrophils Proliferation but fibroblasts
Lymphocytes Macrophages Immunoregulation
Osteoblasts Osteoblastic precursor cells

IGF Hepatocytes Fibroblasts Proliferation Stimulated DNA synthesis
Osteoblasts Osteoblasts ECM production Growth promotion of committed cells

Epithelial cells Chemotaxis
Cell survival

EGF Platelets Epithelial cells Proliferation Epithelialization
Salivary glands Enamel organ Chemotaxis Tooth eruption

Periodontal ligament fibroblasts ECM production
Preosteoblasts

FGF Endothelial cells Endothelial cells Proliferation Angiogenesis
Macrophages Fibroblasts Migration Epithelialization
Keratinocytes Keratinocytes ECM formation
Osteoblasts

VEGF Keratinocytes Endothelial cells Proliferation Angiogenesis
Macrophages
Fibroblasts

BMP Osteoblasts Undifferentiated mesenchymal cells Differentiation Bone formation
Osteoblastic precursor cells Proliferation Root cementum formation
Osteoblasts ECM production Dentin formation

PDL formation

ECM, extracellular matrix; PDL, periodontal ligament.
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members. They are mainly produced by endothelial cells and
macrophages. FGFs are mitogenic for several cell types
involved in wound healing and support cell survival under
stress conditions. FGFs are involved in angiogenesis and
epithelialization. FGF-I and FGF-II (earlier known as acidic
FGF and basic FGF) are potent stimulators of angiogenesis
in the early formation of granulation tissue (days 1–3) by
recruiting endothelial cells and inducing proliferation.
Neither has a transmembrane sequence and can therefore
not be secreted. Instead they are probably released from dis-
rupted cells by tissue damage (163). After release, FGFs
interact with heparin and heparan sulfate, with which they
can be stored in the extracellular matrix. Here FGF can be
activated when injury causes platelets to degranulate and
among many other substances release heparin degrading
enzymes.

Vascular endothelial growth factor (VEGF) is, as far as we
know today, the only endothelial-specific growth factor
enhancing cell proliferation, and its activity is therefore
probably essential for angiogenesis in all tissues during both
development and repair. VEGF is produced in large quanti-
ties by keratinocytes, macrophages and, to a lesser extent,
fibroblasts in the epidermis during wound healing, where it
seems to be critical for angiogenesis in the granulation tissue
formation from days 4 to 7. Hypoxia, a hallmark of tissue
injury, induces VEGF production. Reduced expression and
accelerated degradation of VEGF has been shown to cause
skin wound defects (163) and addition of VEGF has pro-
moted angiogenesis in skin wounds in diabetic mice (164).

In vivo, VEGF has resulted in increased capillary density
and bone formation in standardized bone defects in 
rabbits (165).

No clinical studies have evaluated the effect of VEGF in
relation to oral and maxillofacial trauma.

Bone morphogenetic proteins (BMPs) are members of
the TGF-β superfamily. More than 20 different BMPs have
been identified. BMPs are found in bone matrix and in
periosteal cells and mesenchymal cells of the bone marrow
(166). BMP-2, -4, and -7 (also called osteogenic protein-1
(OP-1)) are the most involved in bone healing, whereas
increased BMP-6 has been described in skin wounds. The
main task of BMP is to commit undifferentiated pluripo-
tential cells to become bone or cartilage forming cells. BMPs
are the only known factors that are capable of forming bone
in extraskeletal sites, a phenomenon referred to as osteoin-
duction (167).

Experimental data indicating clinical implications 
of growth factors

Angiogenesis
During healing after trauma, de novo formation of the dis-
rupted vascular supply is a prerequisite for most of the
healing events. This is supported by the finding that hyper-
baric oxygen (HBO) is a potent stimulator of healing of both
hard and soft tissue healing (168) in sites with a compro-
mised healing potential such as diabetic ulcers and irradi-

ated bone (169, 170). The primary long-term effect of HBO
is increased angiogenesis. VEGF, FGF, TGF-β, and PDGF are
known to be involved in angiogenesis during wound healing
(259). Exactly how these growth factors interact with the
extracellular matrix (ECM) environment in the blood clot
and in granulation tissue, are, however not known in detail.
Revascularization of the dental pulp is necessary, after both
tooth fractures and luxation injuries. VEGF, PDGF and FGF
have been identified in the soluble and insoluble part of
human dentin matrix (171). These may be released during
injury and contribute to pulpal wound healing.

Wounds in the skin and oral mucosa
In most instances, healing proceeds rapidly in healthy 
individuals. Research has therefore mainly been focused 
on situations where the healing potential is seriously 
compromised such as diabetes, malnutrition, and infection.
In skin wounds, PDGF is known to be chemotactic to neu-
trophils, monocytes and fibroblasts. In addition, PDGF is a
mitogen for fibroblasts which has led to an FDA approval
for the treatment of non-healing ulcers (172, 173). In addi-
tion, PDGF stimulates new vascularization of an injured
area (174). Exogenously applied TGF-β has been demon-
strated to induce fibroblast infiltration in the wound and
increased collagen deposition (175), as well as angiogenesis
and mucopolysaccharide synthesis (175, 176). This results in
an accelerated healing of incisional wounds (177, 178). Due
to the same mechanisms, however, TGF-β is also intimately
related to scar formation. Thus the elimination of TGF-β
from incisional wounds in rats (by neutralizing antibody) is
able to prevent scar tissue formation (179, 620–622). Fur-
thermore, it has been shown that the effect of TGF-β can be
potentiated by the presence of PDGF and epidermal growth
factor (EGF) (180). In experimental skin wounds in animals,
an acceleration of both connective tissue and epithelial
healing was found after topical application of EGF (181,
182). However, results after topical application of EGF to
experimental wounds in humans have shown contradictory
results on reepithelialization (178, 183–186). In the oral
mucosa, salivary EGF has been shown to stimulate migra-
tion of oral epithelial cells (187).

An interesting observation in mice has been that saliva
rinsing of skin wounds (by communal licking) both
enhances coagulation and leads to acceleration of wound
healing (182, 188–190). Due to the high concentration of
EGF found in saliva (191) this effect has been suggested to
be caused by EGF. Later experiments with induced tongue
wounds in mice have shown that EGF (and possibly also
TGF-β) is involved in healing of wounds of the oral mucosa
(192, 193). Salivary EGF is suggested not only to accelerate
wound healing in the oral cavity, but also to contribute to
preserving integrity of the oral mucosa (194). Administra-
tion of IGF-I in skin wounds has no influence upon fibrob-
last proliferation or activity, or upon epithelialization
(195–197). However, if IGF-I is administered together with
PDGF or FGF, a marked fibroblast proliferation and colla-
gen production can be observed as well as enhanced epithe-
lialization (197).
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Periodontal healing
Experimental studies have suggested that PDGF-BB alone
could have a regenerative effect on both formation of root
cementum, periodontal ligament and alveolar bone (151,
198, 199, 200). PDGF has clinically, however, mainly been
evaluated in combination with IGF-I where an increased
bone fill could be observed both around periodontally com-
promised teeth and in periimplant defects (199, 201, 202).
IGF used alone, TGF-β used alone, and the combination
IGF-II/FGF-II/TGF-β has not been able to generate note-
worthy periodontal regeneration in experimental studies
(197, 203, 204). FGF-II has resulted in increased periodon-
tal regeneration compared to control sites in experimentally
created defects (205), used in a controlled release device in
a sandwich membrane (206) but no clinical data are avail-
able. Experimental studies have reported regeneration of a
periodontal ligament with Sharpey’s fibers, inserted in the
newly formed cementum and alveolar bone by using recom-
binant BMP-2, BMP-7 (OP-1) and recently also BMP-12.
The treated periodontal defects have been either surgically
created (207–209) or experimentally induced (210). This
pronounced periodontal regeneration could not be obtained
when BMP-12 was applied to extracted dog teeth before
replantation. In contrast, ankylosis developed whether
BMP-12 was applied or not (211).

Bone healing
Information of the role of growth factors in bone healing
mainly comes from preclinical studies of periodontal 
lesions and bone augmentation procedures before or in 
relation to implant placement. Numerous growth factors 
are deposited in bone matrix during bone formation 
(e.g. PDGF, TGF-β, FGF-II, and IGF-I). These are released
during bone remodeling and in relation to trauma 
(256).

Contradictory results have been reported regarding the
bone regenerative potential of PDGF. Both inhibition and
stimulation of bone formation has been observed in rat cal-
varial defects (212, 213). PDGF alone has little impact on
bone healing in vivo. However, a couple of studies have
reported significant bone regeneration in periodontal and
periimplant defects, when PDGF is combined with IGF
(102, 201, 202, 214, 215). Likewise, IGF must be combined
with other growth factors to promote bone healing.
TGF-β has a strong impact on the healing of long-bone 
fractures (216). Only a few clinical data from the use of
BMP in humans exist (217, 218). Experimental data,
however, suggest an enhanced bone formation using 
BMP-2 and -7 for bone regeneration procedures 
(219–221).

Pulp dentin complex
Attempts to regenerate the pulp dentin complex have mainly
focused on the possibility of generating a hard tissue
(dentin) closure to an exposed pulp in relation to pulp
capping. The key question is how to induce uncommitted
pulpal cells to differentiate into odontoblast-like cells secret-

ing reparative dentin. TGF-βs, BMPs, FGFs and IGFs are
harbored in dentin and are known to influence dentinogen-
esis during embryogenesis (222). BMP-2, BMP-4, and BMP-
7 (OP-1) have all been shown to induce widespread dentin
formation in the pulp, even leading to total occlusion of the
pulp cavity when applied in high doses (223). Numerous
studies have evaluated the revascularization of avulsed
replanted teeth, but none have specifically studied the role
of growth factors in this process.

Platelet concentrate/platelet rich plasma
In the past few years, utilization of platelet concentrate (PC),
also called ‘platelet rich plasma’ (PRP), has been increasingly
recommended in patients undergoing osseous reconstruc-
tion and periodontal regeneration. PC has gained much
attention since the presentation of very promising data for
the resulting bone density by adding PC to iliac cancellous
cellular bone marrow grafts in the reconstruction of
mandibular continuity defects (224). An accelerated graft
maturation rate and a denser trabecular bone configuration
were observed in defects where PC had been added. It was
speculated that the stimulating effect of PC was due to the
accumulation of autogenous platelets, providing a high con-
centration of platelet growth factors with a well documented
impact on bone regeneration (225, 226). The concept of
using autogenous growth factors is attractive since there is
no risk of disease transmission, and as it is relatively inex-
pensive compared to growth factors produced by recombi-
nant techniques.

Additionally, one clinical study (227) and a series of clin-
ical case reports and case series have presented the use of PC
in different applications (228–236) leading to divergent rec-
ommendations. Data from experimental studies, evaluating
addition of PC to bone graft materials have also been con-
flicting (237–247). In these studies a wide range of different
animal models and PC preparation techniques have been
used. Therefore, they are difficult to compare. Moreover,
none of the studies have analyzed the growth factor content
in the applied PC. Just one study analyzed the influence of
PC platelet concentration in an in vivo model. The authors
demonstrated a certain platelet concentration interval with
the most positive biologic effect on bone regeneration, cor-
responding to a 3–5-fold increased concentration compared
to whole blood. There was no effect using low concentra-
tions (0–2 fold increased concentration), and there seemed
to be an inhibitory effect on bone regeneration when higher
concentrations were used (6–11-fold increased concentra-
tion compared to whole blood) (248).

In conclusion, no methods are currently available to
produce standardized PC in which a certain whole blood
platelet count will result in PC with a predictable amount of
platelets and a predictable combination of growth factors.
Use of autologous growth factors is simple and safe as com-
pared with allogenic and xenogenic preparation methods.
Consistent results, however, cannot be expected, until the
ideal concentration of platelet growth factors has been 
identified and reliable PC preparation methods have been
developed.
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Carriers/delivery systems for growth factors

Growth factors are in general volatile and need carriers to
ensure continuance of the growth factor at the relevant site,
and to provide sustained release of the growth factor in ther-
apeutic doses. A carrier must be biocompatible. In addition,
the carrier should be substituted concurrently with healing
of the traumatized tissue, without causing an inflammatory
reaction. Collagen can bind and release bioactive substances
with some predictability (249, 250). Like other natural 
polymers, however, collagen has limitations in clinical use,
due to difficulties in engineering its properties, handling
problems, immunogenicity, and lack of resorption 
resistance (251, 252). Synthetic carriers for tissue promotive
agents have therefore been extensively investigated.
Traditionally copolymers such as lactic and glycolic acid
have been utilized as vehicles for bioactive molecules 
due to their handling properties and biodegradability.
They may, however, be associated with protein denaturation
and inflammatory reactions along with the degradation
process. More hydrophilic materials with controlled
network properties thus offer an attractive alternative, but
problems with loading the bioactive protein into the mate-
rial is a common limitation related to these materials. A new
polyethylene glycol (PEG) hydrogel may meet these
demands. This hydrogels polymer network is synthesized
around the bioactive molecules without modifying its
action; it is highly water soluble, nontoxic, and nonim-
munogenic (253).

In bone regeneration, a certain mechanical stability of the
carrier is often required in order to avoid collapse of soft
tissue into the defect and to protect against pressure from
the overlying periosteum. In vitro investigations have shown
that both adsorption of the bioactive substance and release
kinetics exhibit pronounced variation when different carri-
ers and growth factors are combined (254). In addition, the
growth factor may be inactivated in relation to the release
(254). PDGF-BB has, compared to IGF-I, been shown to
adsorb better, be released more completely and keep its
bioactivity in combination with an anorganic bovine bone
substitute material (255).

In dental traumatology a carrier will probably be needed
in case of pulp and PDL regeneration.

Cells in wound healing

F. Gottrup and S. Storgård Jensen

Platelets

Platelets (thrombocytes) are anucleate discoid fragments
with a diameter of 2 µm (Fig. 1.8). They are formed in the
bone marrow as fragments of cytoplasmatic buddings of
megakaryocytes and have a life span of 7–10 days in the
blood (260). Platelets contain various types of granules
which, after release, have a number of effects upon hemo-
stasis and initiation of wound healing processes (261–263)
(Fig 1.4).

The capacity of the platelets to adhere to exposed tissue
surfaces as well as to each other after vessel injury is decisive
for their hemostatic capacity (256–259). Adhesion and acti-
vation of platelets occurs when they contact collagen and
microfibrils of the subendothelial matrix and locally gener-
ated factors such as thrombin, ADP, fibrinogen, fibronectin,
thrombospondin and von Willebrand factor VIII.

Platelet activation results in degranulation and release of
adenosine diphosphate (ADP), serotonin, thromboxane,
prostaglandins and fibrinogen. The release of these sub-
stances initiates binding of other platelets to the first adher-
ent platelets whereby blood loss is limited during formation
of a hemostatic platelet plug (264). The blood loss is further
reduced by the vasoconstrictor effect of thromboxane and
serotonin.

The inflammatory response is initiated by activation of
platelets due to liberation of serotonin, kinins and prosta-
glandins which leads to increased vessel permeability.

The platelet release of cytokines such as platelet derived
growth factor (PDGF), platelet derived angiogenesis factor
(PDAF), transforming growth factor α and β (TGF-α, TGF-
β) and platelet factor 4 leads to an initiation of the wound-
healing process (Fig. 1.9). Thus PDGF has been shown to
have a chemotactic and activating effect upon neutrophils,
monocytes and fibroblasts as well as a mitogenic effect upon
fibroblasts and smooth muscle cells (263, 265). The release
of TGF-β has been found to induce angiogenesis and colla-
gen deposition (266, 267). Platelet derived angiogenesis
factor (PDAF) has been shown to cause new capillary for-
mation from the existing microvasculature (268–270).
Finally, platelet factor 4 has been found to be a chemoat-
tractant for neutrophils (271).

In summary, the platelets are the first cells brought to the
site of injury. Apart from their role in hemostasis, they exert
an effect upon the initiation of the vascular response and
attraction and activation of neutrophils, macrophages,
fibroblasts and endothelial cells. As wound healing 
progresses, the latter tasks are gradually assumed by
macrophages.

Fig. 1.8 Activated platelet (thrombocyte).
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Fig. 1.9 Role of platelets in wound healing. Exposure of platelets to collagen, fibrin, thrombin, factor XI and factor XI–A results in activation and degran-
ulation. This then results in the release of a series of mediators influencing coagulation, vessel tone and permeability. Furthermore the initial cellular
response of neutrophils, macrophages, fibroblasts and endothelial cells is established.
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Erythrocytes

The influence of erythrocytes upon wound healing is not
adequately documented except for the effect of carrying
oxygen to healing tissue (40, 42, 48, 618). In one study it was
found that neovascularization was stimulated in areas with
erythrocyte debris (272). Another effect of the breakdown
of erythrocytes is the liberation of hemoglobin, which has
been found to enhance infection (273–276). In addition, the
heme part of hemoglobin may contribute to the production
of oxygen free radicals that can produce direct cell damage
(277).

In summary, the role of erythrocytes in wound healing is
doubtful, apart from being oxygen carriers.

Mast cells

Masts cells, distinguished by their large cytoplasmatic gran-
ules, are located in a perivenular position at portals of entry
of noxious substances and are especially prominent within
the body surfaces that are subject to traumatic injury, such
as mucosa and skin (278, 279) (Fig. 1.10).

The mast cell participates in the initial inflammatory
response after injury via a series of chemical mediators such
as histamine, heparin, serotonin, hyaluronic acid, prosta-
glandins and chemotactic mediators for neutrophils.

The release of mast cell mediators may occur as a direct
result of trauma inflicted on the cell. Another means of acti-

vation after trauma appears to be when coagulation gener-
ates the mast cell activator bradykinin. An alternative means
of mast cell activation appears to be the release of endotoxin
during infection and the generation of C3a, C5a and
cationic neutrophil protein during the inflammatory
response (278).

The release of the mast cell mediators such as histamine,
heparin, serotonin and slow reacting substance of anaphy-
laxis (SRS-A) results in active vasodilation of the small
venules, which allows for the entrance of water, electrolyte
and plasma proteins into the microenvironment. The main-
tenance of an open channel for this influx is promoted by
the anticoagulant activity of heparin and by the proteolytic
enzymes such as chymase. Histamine and heparin may also
potentiate the angiogenesis when other angiogenic factors
are present (280) (see p. 29).

The liberation of a neutrophil chemotactic factor and a
lipid chemotactic factor from activated mast cells both result
in attraction of neutrophils and the release of a platelet acti-
vating factor which results in degranulation and aggregation
of platelets. Finally, hyaluronic acid promotes cell movement
and may be crucial for cell division, which is essential in this
phase of wound healing (9).

In summary the mast cell plays a role, together with
platelets, in being the initiator of the inflammatory
response. However, experiments with corneal wounds 
have shown that healing can proceed in the absence of mast
cells (281).

Fig. 1.10 Mast cell in perivenular
position.



Table 1.3 Neutrophil-produced degrading products.

Primary granules (unspecific, azurophilic)
Cathepsin A, G
Elastase
Collagenase (unspecific)
Myeloperoxidase
Lyzozyme

Secondary granules (specific)
Lactoferrin
Collagenase (specific)
B12-binding protein
Lyzozyme

Other products
Gelatinase
Kininogenase
Oxygen radicals
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Neutrophils

The first wave of cells entering the wound site are neutrophil
leukocytes which migrate from the microvasculature (Figs
1.11 and 1.12). The primary function of neutrophils is to
phagocytize and kill microorganisms present within the
wound (282, 283). They then degrade tissue macromole-
cules such as collagen, elastin, fibrin and fibronectin by lib-
eration of digestive enzymes (Table 1.3). Finally, neutrophils
release a series of inflammatory mediators which serve as
chemotactic or chemokinetic agents (Fig. 1.4 and Table 1.4).

Upon exposure to chemoattractants from the clot, such as
platelet factor 4, platelet derived growth factor (PDGF)
kallekrein, C5a, leukotriene B4 (284, 285) and bacterial
endotoxins (286–288), the granulocytes start to adhere
locally to the endothelium of the venular part of the
microvasculature next to the injury zone (289). Neutrophils
begin to penetrate the endothelium between endothelial
cells, possibly by active participation of the endothelium 2–3
hours after injury (290–293), and migrate into the wound
area (291–293). Once a neutrophil has passed between
endothelial cells, other leukocytes and erythrocytes follow
the path (293, 294).

Once the neutrophil has passed between the endothelial
cells it traverses the basement membrane by a degradation
process and then moves into the interstitial tissue in the
direction of the chemoattractant. This movement may be
facilitated by proteolytic activity and enhanced by contact
guidance. Thus neutrophils move preferentially along fiber

alignments, suggesting that tissue architecture may be a sig-
nificant determinant of the efficacy of cellular mobilization.

At this point the wound contains a network of fibrin,
leukocytes and a few fibroblasts. By the end of the second
day most of the neutrophils have lost their ameboid prop-
erties and have released their granula into the surrounding
tissue. This event apparently triggers a second migration
where plasma, erythrocytes and neutrophils again leave the
venules (295). In the case of uncomplicated non-infected
healing, the numbers of neutrophils decrease after 3–5 days
(Fig. 1.12).

Fig. 1.11 Neutrophil leukocyte.
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When the neutrophils have reached the site of injury they
form a primary line of defense against infection by phago-
cytosis and intracellular killing of microorganisms (288). In
this process each phagocyte may harbor as many as 30 or
more bacteria (296).

Phagocytosis of bacteria by neutrophils induces a respi-
ratory burst that produces toxic oxygen metabolites. These
products include hypohalides, superoxide anion and
hydroxyl radicals (288). Furthermore, they can generate
chloramine formed by the reaction of hypochlorite with
ammonia or amines (297). As a result of stimulation, phago-
cytosis or lysis, the neutrophils may release the content of
their granules into the extracellular space. These granules
contain oxygen radicals and neutral proteases, such as ca-
thepsin G, elastase, collagenases, gelatinase and cationic pro-
teins (288). All these products result in tissue damage and
breakdown at an acid pH (298). A decrease or elimination
of these products provided by experimental neutropenia has
prevented the normally found decrease in wound strength
in early intestinal anastomosis (299).

Despite these effects upon the wound the presence of neu-
trophils is not essential for the wound healing process itself.
Thus wound healing has been found to proceed normally 
as scheduled in uncontaminated wounds in the absence 
of neutrophils (283, 300). A recent study, however,

Fig. 1.12 Schematic illustration of the
presence of neutrophils in experimen-
tal skin wounds in guinea pigs. The
scale is semiquantitative, graded from
0 to 3. From ROSS & BENDITT (73)
1961.

Table 1.4 Some chemotactic and chemokinetic agents. Modified from
VENGE (136) 1985.

Humoral

Chemotactic C3 and C5 fragments
Fibrin degradation products
Kallikrein
Plasminogen activator
Fibronectin
Casein

Chemokinetic C3 and C5 fragments
Acute phase proteins (Orosomucoid, α1-antitrypsin,

α2-macroglobulin)
Hyaluronic acid

Cellular

Chemotactic Leukotriene B4 (precursors and derivatives)
Platelet activating factor (PAF)
Transforming growth factor-β (TGF-β)
Lymphokines 
NCFs (neutrophil chemotactic factors)
ECFs (eosinophil chemotactic factors)
MCFs (monocyte chemotactic factors)
Formylated tripeptides (e.g. FMLP)

Chemokinetic Cathepsin G
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demonstrating neutrophil expression of cytokines and TGF-
β may indicate a positive influence on wound healing (301).

Recent research has elucidated a role of neutrophils in
healing of chronic wounds (302–308). A consistent feature
of chronic wounds is chronic inflammation associated with
increased neutrophil infiltration (302). Once initiated, the
inflammatory response is perpetuated and gradually con-
verted into a chronic inflammatory state. Morphologically,
the chronic inflammatory infiltrate is predominantly com-
posed of macrophages and lymphocytes (304, 305). Mast
cells may also contribute to the fibrotic response (304). It is
likely that different polypeptidic cytokines and growth
factors mediate some of these processes. One candidate is
the profibrotic and proinflammatory TGF-β1, which is also
increased at the mRNA and protein levels in the lower leg
skin of class 4 patients (305, 306).

It is thought that excessive local proteolytic activity results
in the breakdown of the matrix components of the skin with
the end result of an ulcer.

Proteinases in skin homeostasis have multiple biological
functions. Proteinases not only remodel extracellular matrix
proteins but they also modulate the bioactivity of cytokines
and growth factors by several different mechanisms (307,
308). In chronic wounds neutrophils are strong protease
producers, delaying the wound healing process.

In summary, the main role of neutrophils in wound
healing appears to be limited to elimination of bacteria
within the wound area.

Macrophages

Following the initial trauma and neutrophil accumulation,
monocytes become evident in the wound area (Fig. 1.13).
These cells arise from the bone marrow and circulate in
blood (309, 310). In response to release of chemoattractants
monocytes leave the bloodstream in the same way as neu-
trophils. These cells are a heterogeneous group of cells which
can express an almost infinite variability of phenotypes in
response to changes (311–313).

Monocytes appear in the wound after 24 hours, reach a
peak after 2–4 days, and remain in the wound until healing
is complete (73) (Fig. 1.14). When monocytes invade the
wound area, they undergo a phenotypic metamorphosis to
macrophages (314, 315). It should be mentioned that tissue
macrophages can proliferate locally (314–317) and possibly
play a significant role in the initial inflammatory response.

The arrival of macrophages in the wound area is a
response to various chemoattractants released from injured
tissue, platelets, neutrophils, lymphocytes and bacteria (Fig.
1.4). In Table 1.4 series of chemotactic factors are listed
which have been shown to be chemotactic for macrophages.
In this context, it should be mentioned that monocytes
express multiple receptors for different chemotactic factors
(317). As shown in Table 1.4, connective tissue fragments
appear to be chemotactic for macrophages, i.e. forming gra-
dients enabling directional movements, and chemokinetic,
i.e. alter the rate of cell movements. These tissue fragments

Fig. 1.13 Macrophage.
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are possibly generated by neutrophils which precede the
appearance of monocytes (see p. 22). It has been shown that
neutrophils contain enzymes such as elastase, collagenase
and cathepsin which may degrade collagen and elastin,
and fibronectin (Table 1.3) and thereby attract mono-
cytes (317).

In contrast to neutrophils, depletion of circulating blood
monocytes and tissue macrophages results in a severe retar-
dation of tissue debridement and a marked delay in fibrob-
last proliferation and subsequent wound fibrosis (309).
Macrophages therefore seem to have an important regula-
tory role in the repair process.

After migration from the vasculature into the tissue, the
monocyte rapidly differentiates to an inflammatory
macrophage, the mechanism of which is largely unknown.
However, the binding of monocytes to connective tissue
fibronectin has been found to drive the differentiation of
monocytes into inflammatory macrophages (318, 319).

The regulatory and secretory properties of macrophages
seem to vary depending on the state of activity: at rest, inter-
mediate or in an activated state. Macrophage activation can
be achieved by the already mentioned chemoattractants in
higher concentrations. Further activation can be achieved
through the products released from the phagocytotic
processes described. These various stimuli induce
macrophages to release a number of biologically active mol-
ecules with potential as chemical messengers for inflamma-
tion and wound repair (320) (Tables 1.1 and 1.2).

At the inflammatory site macrophages undertake 
functions similar to neutrophils, i.e. bacterial phagocytosis
and killing and secretion of lysozomal enzymes and oxygen
radicals O2, H2O2, OH (62). Activated inflammatory
macrophages have been found to be responsible for the
degradation and removal of damaged tissue structures such
as elastin, collagen, proteoglycans and glycoproteins by the
use of secreted enzymes such as elastase, collagenase, plas-
minogen activator and cathepsin B and D. Both extra- and
intracellular tissue debridement can occur (317).

Macrophages have been shown to release growth factors
such as PDGF, TNF and TGF-β which stimulate cell prolif-
eration in wound healing (321–323) (Fig. 1.4). These growth
factors are collectively known as macrophage derived
growth factors (MDGF). The level of MDGF can be signif-
icantly increased following stimulation of macrophages 
with agents such as fibronectin and bacterial endotoxin
(324, 325).

Activation of macrophages has been found to lead to
fibroblast proliferation (321, 326), increased collagen syn-
thesis (322) and neovascularization (327–336).

Macrophages release their angiogenic mediator only in
the presence of low oxygen tension in the injured tissue (i.e.
2–30 mm Hg) (268, 269). However, as macrophages have
been found to release lactate even while they are well oxy-
genated, the stimulus to collagen synthesis remains even
during hyperoxygenation (331, 332), a finding which is 
of importance in the use of hyperbaric oxygen therapy.

Fig. 1.14 Schematic illustration of the
presence of macrophages in experi-
mental skin wounds in guinea pigs.The
scale is semiquantitative, graded from
0 to 3. From ROSS & BENDITT (73)
1961.
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Finally, macrophages can release a polypeptide, inter-
leukin-1, that can function as a messenger for lymphocytes.

In summary, the macrophage seems to be the key cell in
the inflammatory and proliferative phase of wound healing
by secreting factors which stimulate proliferation of fibrob-
lasts and secretion of collagen, as well as stimulation of neo-
vascularization (Fig. 1.4). The macrophages also act as
scavengers in the wound area and remove traumatized tissue
and bacteria and neutralize foreign bodies by forming 
giant cells which engulf or surround the foreign matter.
Moreover, signals released by traumatized bone or tooth
substances cause some monocytes to fuse and form 
osteoclasts which will subsequently resorb damaged hard
tissue (see Chapter 2, p. 78). Macrophages play a important
role in the immune response to infection (Chapter 2,
p. 78).

Lymphocytes

Lymphocytes emigrating from the bloodstream into the
injury site become apparent after one day and reach a
maximum after six days (Figs 1.15 and 1.16). The role of
these lymphocytes in the wound healing process has for
many years been questioned as earlier investigations have
pointed out that lymphocytes, like neutrophils, were not
necessary for normal progression of healing in non-infected
wounds (300). However, recent research has demonstrated
that lymphocytes together with macrophages may modulate
the wound healing process (333–335) (Fig. 1.17).

Lymphocytes can be divided into T lymphocytes (thymus

derived lymphocytes) and B lymphocytes (bone marrow
derived lymphocytes). Both types are attracted to the wound
area, probably by activated complement on the surface of
macrophages and neutrophils.

Lymphocyte infiltration in wounds is a dynamic process
where both T-helper/effector and T-suppressor/cytotoxic
lymphocytes are present in the wound after one week (336).
These activated lymphocytes produce a variety of lym-
phokines of which interferon (IFN-α) and TGF-β have been
shown to have a significant effect on endothelial cells and
thereby may have an effect on angiogenesis. This effect may
be secondary to other effects such as macrophage stimula-
tion and activation (337). TGF-β is also a potent fibroblast
chemotactic molecule and, in addition, induces monocyte
chemotaxis and secretion of fibroblast growth factor and
activating factors (338).

Recent studies have indicated that there are at least two
populations of T cells involved in wound healing. One pop-
ulation bearing the T cell marker appears to be required for
successful healing, as shown by the impairment in healing
caused by their depletion. The T-suppressor/cytotoxic
subset appears to have a counterregulatory effect on wound
healing, as their depletion enhances wound rupture strength
and collagen synthesis (333–335, 337).

Based on present evidence, Barbul has postulated the fol-
lowing theory: macrophages exert a direct stimulatory effect
on endothelial cells and fibroblasts (Fig. 1.17). A T cell
marker positive subset (T+), which is not yet fully charac-
terized, has a direct action on endothelial cells and fibro-
blasts and acts indirectly by stimulating macrophages.

Fig. 1.15 Lymphocyte.
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T suppresser/cytotoxic cells (Ts/c) downregulate wound
healing by direct action on macrophages and T cells (337,
338) (Fig. 1.17).

There is presently no evidence to suggest that the humoral
immune system (B lymphocytes) participates in the wound
healing process. The influence of lymphocytes therefore
seems primarily to be through T lymphocytes.

In summary, lymphocytes appear indirectly to influence
the balance between the stimulatory and inhibitory signals
to fibroblasts and endothelial cells via the macrophages.

Fibroblasts

The fibroblast is a pleomorphic cell. In the resting, non-
functional state it is called a fibrocyte. The cytoplasm is
scanty and often difficult to identify in ordinary histologic
sections. In the activated, mature form the cell becomes stel-
late or spindle-shaped and is now termed a fibroblast. The
most characteristic feature is now the extensive development
of a dilated endoplasmic reticulum, the site of protein syn-
thesis (339) (Fig. 1.18).

In the wound the fibroblast will produce collagen, elastin
and proteoglycans (340). After injury, fibroblasts start to
invade the area after three days stimulated by platelets and
macrophage products and they become the dominating cell
six to seven days after injury, being present in considerable

concentration until the maturation phase of the healing
process (73) (Fig. 1.19).

Several studies have suggested that new fibroblasts arise
from the connective tissue adjacent to the wound, princi-
pally from the perivascular undifferentiated mesenchymal
cells (stem cells) (341–346) (see p. 30) and not from
hematogenous precursors (346).

Once fibroblast precursors receive the proper signal they
begin to reproduce and a mitotic burst is seen between the
2nd and 5th day after injury (347). Proliferating fibroblasts
develop through cell divisions every 18 to 20 hours and
remain in the mitotic phase for 30 minutes to 1 hour. The
primary function of the activated fibroblast in the wound
area is to produce collagen, elastin and proteoglycans.
However, during the mitotic phase, the fibroblast does not
synthesize or excrete external components. Progression
factors are necessary to stimulate the fibroblast to undergo
replication. Before this can happen the fibroblast must be
made competent. Factors which induce this competence are
platelet derived growth factor (PDGF), fibroblast growth
factor (FGF) and calcium phosphate precipitates (26).
PDGF-induced competence requires only transient expo-
sure of cells to the factor. When competent, the fibroblast
can replicate after stimulation by progression factors such as
insulin-like growth factor-1 (IGF-1), epidermal growth
factor (EGF) and other plasma factors (26). This dual

Fig. 1.16 Schematic illustration of the
presence of lymphocytes in experimen-
tal skin wounds in guinea pigs. The
scale is semiquantitative, graded from
0 to 3. From ROSS & BENDITT (73)
1961.
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LYMPHOCYTE
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LYMPHOCYTE
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MACROPHAGE
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LYMPHOCYTE

Ts/c

Fig. 1.17 Role of lymphocytes in wound healing. Macrophages exert a direct stimulatory effect on endothelial cells and fibroblasts. A T-cell marker pos-
itive subset (T+), which is not fully characterized, has direct action on endothelial cells and fibroblasts and acts indirectly by stimulating macrophages.
T-suppressor/cytotoxic cells (Ts/c) downregulate wound healing by direct action on macrophages and T cells. From BARBUL (337) 1992.



28 Chapter 1

Fig. 1.18 Active fibroblast.

Fig. 1.19 Schematic illustration of the
presence of fibroblasts in experimental
skin wounds in guinea pigs. The scale
is semiquantitative, graded from 0 to
3. From ROSS & BENDITT (73) 1961.
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control of fibroblast proliferation explains why fibroblasts
can remain in a reversible quiescent state in the presence of
progression factor. The transition to a proliferative stage
then awaits the release of competence factors by activated
cells, such as platelets, macrophages and lymphocytes.

PDGF is released in response to injury by platelets 
and production is continued by activated macrophages,
which can induce migration into the wound and prolifera-
tion of fibroblasts over an extended period of time (Fig. 1.4).

TGF-β is a growth stimulator for mesenchymal cells and
has been found to accelerate wound healing in rats (348,
349) by direct stimulation of connective tissue synthesis by
fibroblasts and indirect stimulation of fibroblast prolifera-
tion by PDGF (350, 351). Other factors which may be
involved in fibroblast proliferation include tumor necrosis
factors (TNF-α and TNF-β) (26).

The best characterized inhibitor of fibroblast proliferation
is β-fibroblast interferon (IFN-β). It has been suggested that
IFN-β inhibits events involved in fibroblast competence and
induction of competence of fibroblasts and by PDGF inhi-
bition (352, 353).

Regulatory systems of fibroblast activity may operate
through activation of macrophages, which generate an
endogenous stimulus to fibroblast proliferation. Alterna-
tively, fibroblast proliferation might be slowed by either
inhibition of the release and activation of PDGF and TGF-
β or by stimulation of inhibitory substances, such as IFN-β.
Clinically this may suggest a specific stimulation of fibrob-
last proliferation by treatment with exogenous growth
factors such as PDGF and TGF-β or by their activation (26).

Once fibroblasts have migrated into the wound, they
produce and deposit large quantities of fibronectin, types I
and III collagen and hyaluronidate. TGF-β is considered to
be the most important stimulator of extracellular matrix
production (354, 355).

Multiplication and differentiation of fibroblasts and syn-
thesis of collagen fibers require oxygen as well as amino
acids, carbohydrates, lipids, minerals and water. Collagen
cannot be made in the mature fibroblast layer without
oxygen (356–359). Consequently the nutritional demands of
the wound are greater than that of non-wounded connec-
tive tissue (315) and the demand is greatest at a time when
the local circulation is least capable of complying with that
demand (316).

After collagen molecules are secreted into the extracel-
lular space, they are polymerized in a series of steps in 
which the hydroxylysine groups of adjacent molecules are 
condensed to form covalent crosslinks. This step is rate-
dependent on oxygen tension and gives collagen its strength
(356, 361).

Fibroblasts have been shown to have chemotactic attrac-
tion to types I, II, and III collagen as well as collagen-derived
peptides, with binding of these peptides directly to fibrob-
lasts (362, 363).

Fibroblasts have been known for many years to be
involved in wound contraction. In relation to this phenom-
enon, a specific type of fibroblast has been identified which
has the characteristics of both fibroblasts and smooth
muscle cells for which reason they have been termed myofi-

broblasts. These cells are richly supplied with microfilament
bundles that are arranged along the long axis of the cells and
are associated with dense bodies for attachment to the sur-
rounding extracellular matrix (364, 365). Besides numerous
cytoplasmic microfilaments, large amounts of endoplasmic
reticulum are also seen. In this respect these cells have char-
acteristics of fibroblasts.

The myofibroblast has contractive properties and has
been demonstrated in many tissues that form contracted
and/or nodular scars (366). Myofibroblasts are present
throughout granulation tissue and along wound edges at 
the time when active contraction occurs (367). For this
reason the most generally accepted theory of wound 
contraction has involved the contribution by myofi-
broblasts (366).

Ehrlich and co-workers have presented a new theory for
the phenomenon of wound contraction (368). In this
fibroblast theory it is suggested that fibroblast locomotion is
the mechanism that generates the contractive forces in
wound contraction and that the connective tissue matrix is
important in controlling these forces. It is suggested that the
histological existence of myofibroblasts is a transitional state
of the fibroblast in granulation tissue.

In summary, the fibroblasts are latecomers in the inflam-
mation phase of wound healing. Their main function is to
synthesize and excrete the major components of connective
tissue: collagen, elastin and proteoglycans. The fibroblast is
also involved in wound-contraction through a specific cell
called the myofibroblast which has characteristics of both
fibroblasts and smooth muscle cells.

Endothelial cells and pericytes

The capillaries play an essential role in wound healing. The
caliper of capillaries averages 9–12 µm which is just enough
to permit unimpeded passage of cellular elements. In cross-
section the capillary wall consists of 1–3 endothelial cells.
(Fig. 1.20). Capillaries converge to form post capillary
venules of slightly larger size (15–20µm). The endothelial
cells are surrounded by a network of pericytes. (Fig. 1.20).
These cells appear to represent a pool of undifferentiated
mesenchymal cells which have been found to participate in
wound healing, and this applies also to the pulp and peri-
odontium (see Chapter 3).

Angiogenesis

Between 2 and 4 days after wounding, proliferation of cap-
illaries and fibroblasts begins at the border of the lesion.
However, studies have shown that blood cells and plasma
perfuse the wound tissue several hours before the space is
invaded by sprouting capillaries (295, 369). At first the blood
cells move around randomly in the meshes of the fibrinous
network but gradually preferential channels are formed in
the wound through which cells pass more or less regularly.
This phenomenon has been termed open circulation and it
is suggested that the blood cells at this time are transported
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in a simple tube system which has not yet acquired an
endothelial lining (295, 369, 370).

Angiogenesis is the process of formation of new blood
vessels by directed endothelial migration, proliferation and
lumen formation (262, 371–376) (Fig. 1.21). In wound
healing, angiogenesis is crucial for oxygen delivery to
ischemic or newly formed tissue. New vessels arise in most
cases as capillaries from existing vessels and only from
venules (376, 377) (Fig. 1.21). In early granulation tissue,
after the wound healing module is assembled, capillary
sprouts move just behind the advancing front of
macrophages. Collagen secreting fibroblasts are placed
between these sprouts and are nourished by the new capil-
laries (see Fig. 1.26).

Variants in healing of the vascular network are found
according to the type of tissue involved and the extent of the

injury. In skin or mucosal lacerations, primarily closed,
existing vessels may anastomose spontaneously and thereby
re-establish circulation. In wounds with tissue defects or in
non-closed wounds, a new vascular network has to be
created via granulation tissue. The third variant in vascular
healing is the revascularization of ischemic tissue as seen
after skin grafting, tooth luxation, tooth replantation and
transplantation. In these situations angiogenesis takes place
in existing ischemic or necrotic tissue. The healing in these
cases usually occurs as a mixture of gradual ingrowth of new
vasculature combined with occasional end-to-end anasto-
mosis between existing and ingrowing vessels (see Chapter
2, p. 90).

Angiogenesis in wounds has been examined in different
in vivo assays such as the rabbit ear chamber (269, 378), the
Algire chamber where a transparent plastic window is placed
in the dorsal subcutaneous tissue of a mouse (379) or the
hamster cheek pouch (380, 381). Furthermore, angiogenesis
has been tested in corneal pockets (379, 382, 383), and
chicken chorioallantoic membrane (384). These assays have
been used to describe the dynamic process of angiogenesis
together with the influence of different types of external
factors on vascular proliferation.

Our current knowledge of the biochemical nature of the
signals that induce angiogenesis has been derived primarily
from in vitro observations using cultured vascular endothe-
lial cells. In vitro assays have been used extensively in the
identification and the purification of angiogenetic factors.
In this context, as angiogenesis is considered to be a process
of capillary growth, cultured capillary endothelial cells seem
to be optimal for testing angiogenesis (385).

Cellular events in angiogenesis

New capillaries usually start as outgrowths of endothelial
cells lining existing venules. After exposure to an angiogenic
stimulus, endothelial cells of the venules begin to produce
enzymes that degrade the vascular basement membrane on
the side facing the stimulus (376). After 24 hours the
endothelial cells migrate through the degraded membrane
in the direction of the angiogenic stimulus (Fig. 1.21).

Fig. 1.21 Neovascularization. New
capillaries start as outgrowths of
endothelial cells lining existing
venules. Subsequent arcading sprouts
unite and tubulization allows circula-
tion to be established.

Fig. 1.20 Endothelial cells and pericytes.
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Behind the tip of the migrating wound edges, trailing
endothelial cells divide and differentiate to form a lumen.
The sprouts or buds can either connect with other sprouts
to form vascular loops or can continue migrating. Capillary
bud formation is found after 48 hours and these buds arise
solely from venules (377).

When endothelial migration tips join to form capillary
loops or join across a wound edge, blood flow begins within
the formed lumen. As vessels mature, extracellular matrix
components are laid down to form a new basement mem-
brane (371, 376). Recent studies have shown that angiogen-
esis is closely related to fibroblast activity. Thus it appears
that new vessels cannot grow beyond their collagenous
support (356, 386).

The speed of neovascularization has been investigated in
ear chambers and been found to range from 0.12 to 0.24 mm
per day (272, 295, 387, 388). In dental pulps which become
revascularized after replantation or transplantation, the
speed is approximately twice this rate (see Chapter 2, p. 90).

In raised and repositioned skin flaps, angiogenesis along
the cut margins is rapid and capillary sprouts advance across
the wound space from the host bed. In rats, new vascular
channels across the wound margin can be demonstrated
within 3 days; and in pigs, normal blood flow has been
observed within 2 to 3 days (389–391). After tissue grafting,
specific vascular healing processes take place. Thus it has
been shown in skin transplants that after an initial contrac-
tion of the vessels a so-called plasmatic circulation takes
place in the zone next to the graft bed (392–400). This
supply of fluids serves to prevent drying of the graft before
blood supply has been restored (398). The role of the plas-
matic circulation as a source of nourishment is, however,
debatable (398).

Vascularization of skin transplants, although initially
sluggish, takes place after 3 to 5 days (401–410). The role of
already existing graft vessels is unsettled. Thus, in some
studies, it has been shown that the original vessels act only
as non-viable conduits for ingrowth of new vessels (388),
and that revascularization takes place primarily from invad-
ing new vessels (408, 411). In other experiments, however, it
has been shown that, depending upon the degree of damage
to the grafted tissues and on local hemodynamic factors, the
original graft vessels may be incorporated in the established
new vascular network (409–413).

Teeth have a vascular system which in some situations 
is dissimilar to skin. In replantation and transplantation
procedures of immature incisors, the severed periodontal
ligament and the pulp can be expected to become revascu-
larized. The process of revascularization of the periodontal
ligament seems to follow the pattern of skin grafts (see
Chapter 2, p. 90). There is limited diffusion of nutrients
from the graft bed to the dental pulp due to its hard tissue
confinement and extended length, which again leads to spe-
cific vascular healing events (see Chapter 2, p. 90).

In a closed skin wound, circulation bridging the wound
edges can be established as early as the 2nd or the 3rd day
and appears to be at a maximum after 8 days (73) (Fig. 1.22).
The new vascular network is then remodeled. Some vessels

differentiate into arteries and veins while others recede. The
mechanism regulating this process is largely unknown.
Active blood flow within the lumen may be a factor, as cap-
illaries with decreased blood flow typically recede while
those with active flow are usually maintained or expand into
larger vessels (378, 414).

Factors determining angiogenesis represent a series of cel-
lular and humoral events which lead to the initiation, pro-
gression and termination of angiogenesis (Figs 1.4 and
1.23). Initiation of angiogenesis appears to be related to
signals released from activated platelets and fibrin at the site
of vascular rupture (86, 285, 415, 416). During platelet acti-
vation, enzymes are released that degrade heparin and
heparan sulfate components from the vascular basement
membranes, whereby stored bFGF is liberated (417–421).
This liberation of FGF has been shown to induce angio-
genetic activity (422). Other bFGF signals are released from
injured cells and matrix (376). This growth factor is partly
responsible for angiogenesis through initiating a cascade of
events (423). Thus bFGF stimulates endothelial cells to
secrete procollagenase, plasmin and plasminogen. Plasmin,
as well as plasminogen, activates procollagenase to collage-
nase. Together, these enzymes can digest the blood vessel
basement membrane. Subsequently endothelial chemoat-
tractants, such as fibronectin fragments generated from
extracellular matrix degradation and heparin released from
mast cells, draw endothelial cells through the disrupted
basement membrane to form a nascent capillary bud (132).

Recruited and activated macrophages soon also promote
angiogenesis (424) by liberating potent direct acting angio-
genic factors such as tumor necrosis factor alpha (TNF-α),
wound angiogenesis factor (WAF) and fibroblast growth
factor (FGF). The macrophage signal seems to diminish as
angiogenesis proceeds (268, 269, 356, 361, 425–428). Recent
studies indicate that the effect of hypoxia within the wound
upon angiogenesis is possibly mediated via stimulated
macrophages (268, 429, 430) (see p. 39).

Other factors controlling angiogenesis

Recently, a number of angiogenetic factors have been isolated
which either have a direct effect on endothelial cell migra-
tion/proliferation or have an indirect effect via other cells.
The exact mechanisms behind indirect angiogenetic activity
are not yet known; but it is possible that they cause accumu-
lation of other types of cells, e.g. platelets or macrophages,
that release direct acting factors (126, 376, 431).

Once new blood vessels form, they acquire a layer of per-
icytes and the composition of their basement membrane
changes. Pericytes inhibit the growth of adjacent endothe-
lial cells and thereby direct growth toward the site of attrac-
tion (432).

Finally, it should be mentioned that angiogenesis is
dependent upon the composition of the extracellular matrix
(433, 623, 624). Thus, fibrin appears to promote angiogen-
esis (64) and the fibrin–fibronectin extravascular clot serves
as a provisional stroma providing a matrix for macrophages,
fibroblasts and new capillary migration. In this way, the
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fibrin–fibronectin gel is transformed to granulation 
tissue.

Wound strength development

Wound strength, from a functional point of view, is the most
important property for a healing wound. In surgical prac-
tice this is critical for the outcome of surgery. The time inter-
val from injury to a healed wound is strong enough to resist
mechanical stress in tissue. It is essential that an early return
to normal life is facilitated with the development of signifi-
cant wound strength. For ethical reasons this has to be 
based on investigations of tensile strength of experimental
wounds.

In early wounds the tensile strength is low and insufficient
to keep the tissue edges together without sutures. The
strength of the wound is in this stage mainly based on fibrin
in the wound cavity. Later, in the proliferation phase, the
strength increases rapidly as granulation tissue is formed.
The strength of the wound is in the collagen fibers, and is
directly related to the collagen content of the tissue (Fig.
1.24) (434, 435). Some collagenous elements can be seen
already after 2 to 3 days of injury, but the maximum period

of collagen synthesis most often starts the 5th to 6th days of
healing. The collagen fibers are laid down in a random
pattern and in the beginning possess little mechanical
strength. Gradually a more systematic pattern of collagen
fibrils develops, leading to stabilization by cross-linking and
assembly of fibers into a more correct anatomical pattern.
Experimental studies have shown that the ‘biochemical
active zone’ encompasses tissue 5 to 7 mm from the inci-
sional line.

The resulting tensile strength of a wound is the combined
strength of old collagen (present in the wound area before
injury) and diminishing by lyses of collagenases, and the
increasing strength of new build collagen. The lowest tensile
strength of a healing wound for this reason is after some days
of healing (20) (Fig. 1.25).

Wound strength can in a functional way be described as
the relative tensile strength of the wound. This is the actual
tensile strength of the wound in relation to strength of intact
tissue and is expressed as a percentage. Fig. 1.25 shows the
relative tensile strength of healing incisional wounds in dif-
ferent types of tissues. In tissues with a low collagen content
in intact tissue (gastrointestinal tract, muscle) (436, 437) the
relative tensile strength increases rapidly and reaches intact
level after 10–20 days. In tissues with high collagen content
(fascia, skin, tendon) the relative strength increases slowly

Fig. 1.22 Schematic illustration of the
presence of new capillaries in experi-
mental skin wounds in guinea pigs.The
scale is semiquantitative graded from
0 to 3. From ROSS & BENDITT (73)
1961.
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PLATELETS and FIBRIN MACROPHAGES DAMAGED CELLS and
MATRIX

bFGF

TGF-β
PDGF

TNF-α
WAF
bFGF

MAST CELLS

ANGIOGENESIS

OXYGEN
Low pO2

LACTATE
High lactate

Heparin
Histamine
TNF-α

Fig. 1.23 Cellular and humoral events leading to angiogenesis. Platelets, fibrin, mast cells, macrophages, injured cells and matrix all release angiogenic
signals. Low oxygen tension and a high lactate concentration in the wound space represent also an important stimulation to angiogenesis.
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and in skin and tendon the strength has after 60 days only
reached 60% of intact level (Fig. 1.25) (435).

Collagen constitutes the principal structural protein of
the body and is the main constituent of extracellular matrix
in all species. At least 13 types of collagen have been identi-
fied. Despite their differences, all collagen molecules consist
of a triple helix matrix protein which gives the tissues their
strength (15, 437–442). Literature on wound healing and
collagen contains only sparse information about the differ-
ent types of collagens (437).

Type I collagen is the major structural components of
skin, mucosa, tendons and bone (440).

Type II collagen is located almost exclusively in hyaline
cartilage.

Type III collagen, also called reticular fibers (443), is
found in association with Type I collagen although the ratio
varies in different tissues (440). In a rat model, type III col-
lagen could be demonstrated 10 hours after the start of
wound healing in skin (444), and after 3 days in healing peri-
odontal ligament (PDL) wounds (445, 446). The early
appearance of type III collagen has been found associated
with the deposition of fibronectin (see p. 11), indicating that
type III collagen together with fibronectin may provide the
initial scaffolding for subsequent healing events (447, 448).

In children, type III collagen can be detected between 24
and 48 hours in skin wounds, whereas no type I collagen 
is found in this type of wound (449). From 72 hours 
and onwards a substantial increase in type I collagen 
is found, together with the appearance of mature 
fibroblasts (449).

Type IV collagen together with other components, in-
cluding heparan sulfate, proteoglycans and laminin, makes
up the basement membranes in both epidermis and
endothelium.

In dermal wound healing, type IV collagen synthesis by
epidermis is connected with the reformation of the base-
ment membrane and is a relatively late event in the wound
healing process (450–452).

Type V collagen is found in almost all types of tissue and
has been proposed to be involved in migration of capillary
endothelial cells during angiogenesis (441). Type V collagen
is synthesized while epidermal cells migrate; however, the
regeneration of the basement membrane is delayed until the
wound defect is covered and the epidermal cells are no
longer in a migrating phase (451).

Type VII collagen has been found to be an anchoring fibril
that attaches the basement membrane to underlying con-
nective tissue (454–456).

Fig. 1.24 Schematic illustration of the
presence of collagen in experimental
skin wounds in guinea pigs. The scale
is semiquantitative graded from 0 to 3.
From ROSS & BENDITT (73) 1961.
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The remaining types of collagen are less known in rela-
tion to the wound healing process and are therefore not 
discussed.

Collagen represents a key component in wound healing.
Thus, immediately after injury the exposure of collagen
fibers to blood results in platelet aggregation and activation
with resultant coagulation and the release of chemotactic
factors from platelets that initiate healing (e.g. PDGF,
platelet factor IV, IGF-1 TGF-β and an unidentified
chemoattractant to endothelial cells) (see p. 36). Collagen
fragments are then degraded by the attracted neutrophils
and leukocytes, which leads to attraction of fibroblasts.

Synthesis of new collagen in a wound starts with fibrob-
last proliferation and invasion and the deposition of a col-
lagen based extracellular matrix. This event takes place after
3–5 days and persists for 10–12 days. During this period of
time, there is a rapid synthesis primarily of type III and later
of type I collagen, resulting in an increase in the tensile
strength of the wound which is primarily dependent on the
build-up of type I collagen (449, 458–460).

Remodeling phase

Remodeling of the extracellular matrix is a continuous
process which starts early in the wound healing process.
Thus most fibronectin is eliminated within one or two weeks

after granulation tissue is established. Hyaluronidate is
replaced or supplemented with heparan sulfate proteogly-
cans in basement membrane regions and with dermatan
chondroitin sulfate proteoglycans in the interstitium (61).

Type III collagen fibers are gradually replaced by type I
collagen which becomes arranged in large, partly irregular,
collagen bundles. These fiber bundles become oriented
according to lines of stress and provide a slower increase in
the tensile strength of the healing wound than found during
the proliferation phase (460). In most tissues, this remodel-
ing phase ultimately leads to formation of a scar (see p. 36).

The functional properties of the scar tissue vary consid-
erably depending on the content of collagen in the intact
original tissue. The healing rate, measured as the mechani-
cal strength of the wound compared to adjacent intact
tissue, therefore varies from one tissue type to another. In
tissue with a low collagen content before injury (e.g. gas-
trointestinal tract (461) and other intra-abdominal organ
systems), the primarily closed wound shows a rapid increase
in relative strength (strength of wounded tissue compared
to intact tissue) (457). As shown in Fig. 1.25 tensile strength
close to the level of intact tissue levels of tensile strength is
reached after 10 to 20 days of healing in tissues with a low
collagen content before injury. In tissues with a high colla-
gen content (e.g. tendon and skin) the increase in relative
strength is much slower; and more than 100 days of healing
are needed to achieve half the strength of intact tissue. In the
wounded PDL, a very rapid increase in tensile strength has

Fig. 1.25 Relative healing rates for
linear incisional wounds in different
tissues in rats and rabbits; the tensile
strength being calculated as percent of
that of the respective intact tissues
(taken as 100%). From VIIDIK &
GOTTRUP (457) 1986.
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been found after severance of Sharpey’s fibers (see Chapter
2, p. 80) Investigations of wounds closed 3 to 6 days after
injury (delayed primary closure) has shown that this type of
wound was significantly stronger than primarily closed
wounds after 20 days of healing. After 60 days of healing,
delayed primarily closed wounds were almost twice as strong
as primarily closed wounds; and this difference persisted
after 120 days (59, 60, 462). The mechanisms behind the dif-
ferent wound strength in primarily and delayed primarily
closed wounds are probably related to an increase in tissue
perfusion and oxygenation due to increased angiogenesis
and oxygen delivery to the tissues (463).

Hypertrophic scar and keloid

Excessive deposition of scar tissue is a clinical problem that
has been difficult to resolve because of the lack of reliable
animal models. Hypertrophic scar and keloid are both char-
acterized by excessive accumulation of extracellular matrix
especially collagen. The etiology is not known but abnor-
malities in cell migration and proliferation, inflammation,
syntheses and secretion of extracellular matrix proteins and
cytokines, and remodeling of wound matrix have been
described. Also increased activity of fibrogenic cytokines
(e.g. TGF-β1, interleukin-1), abnormal epidermal–mes-
enchymal interaction and mutations in regulatory genes has
been proposed (464). In healed burns the development of
hypertrophic scars seems not to be the result of a continued
proliferation phase, rather than an alteration of the remod-
eling phase (465).

The hypertrophic scar results from a full thickness injury
and is characterized by a thick, raised scar that stays within
the boundaries of the original injury. Keloids can develop
from superficial injuries and exceed the boundaries of the
initial injury. Histologically hypertrophic scars contain
nodules and keloid does not. The collagen bundles on the
surfaces of the nodule are arranged in parallel sheets, while
randomly arranged fibrils within the centre (466). The col-
lagen bundles of keloid are arranged in braided sheets
running parallel to each other.

Hypertrophic scars most often regress over time and can
be corrected by surgical intervention (620). Keloid scars as
a rule do not regress over time and frequently recur after
removal. Treatment of keloid scars is difficult, but pressure
dressings and local application of glucocorticoids have been
used with limited success. Silicone dressings and local use of
calcium channel blockers have recently shown promising
results.

Epithelial cells

Epithelium covers all surfaces of the body, including the
internal surfaces of the gastrointestinal, respiratory and gen-
itourinary tract. The major function of epithelium is to
provide a selective barrier between the body and the envi-
ronment. The epithelial barrier is the primary defense
against threats from the environment and is also a major
factor in maintaining internal homeostasis. Physical and

chemical injury of the epithelial layer must therefore be
repaired quickly by cell proliferation.

After injury to the epidermis, wound protection is pro-
vided in two steps: within minutes there is a temporary cov-
erage of the wound by coagulated blood which serves as a
barrier to arrest the loss of body fluids. The second step is
the movement of adjacent epithelium beneath the clot and
over the underlying dermis to complete wound closure. Re-
epithelialization of an injured surface is achieved either by
movement or growth of epithelial cells over the wound area
(467–469). In early phases of wound healing the most
important process is cell migration which is independent of
cell division (470–472).

In deep wounds the new epithelial cover arises from the
wound periphery, whereas shallow wounds usually heal
from residual pilosebaceous or eccrine structures (405,
473–475).

The cellular response of epithelial cells to an injury can
be divided into four basic steps: mobilization (freeing of cells
from their attachment; migration (movement of cells); pro-
liferation (replacement of cells by mitosis of preexisting
cells) and differentiation (restoration of cellular function,
e.g. keratinization).

The first response of the epithelium after injury is mobi-
lization, which starts after 12 to 24 hours. This involves
detachment of the individual cells in preparation for migra-
tion. Epithelial cells lose hemidesmosomal junctions; the
tonofilaments withdraw from the cell periphery; and the
basal membrane becomes less well defined (15, 467, 476,
477). In addition, the cells of the leading edge become
phagocytic, engulfing tissue debris and erythrocytes. Epithe-
lialization occurs most rapidly in superficial wounds where
the basal membrane is intact. Short tongues of epithelial
cells grow out from the residual epithelial structures. By the
2nd or 3rd day, most of the wound base is covered with 
a thin epithelial layer; and, by the 4th day, by layered 
keratinocytes (453, 478, 479).

Migration of epithelial cells occurs as movement of clus-
ters or sheets of cells. This movement of epithelial cells has
been proposed to take place in a ‘leapfrog’ fashion of epi-
dermal sheet movement (480). Fibronectin in connection
with fibrin seems to make a provisional matrix for cellular
anchorage and self-propelling traction of the epithelial cell
for migration. A speculative mechanism has been that
fibronectin is produced in front of the wound edge by epi-
dermal cells and these then slide over the deposited
fibronectin matrix and finally break down this matrix at a
distance of some cell diameters behind the wound edge (481,
482). It seems that the motile cells use secreted fibronectin
as a temporary basal membrane and use collagenase and
plasminogen activators to facilitate passage through repara-
tive connective tissue (483).

The specific signals or stimuli for epithelialization are
unknown. Migration of epithelial cells takes place in a
random fashion; however, orientation of the substrate on
which the cells move, as well as the presence of other cells
of the same type are determinants of the extent and direc-
tion of cell movement. Furthermore, cell migration appears
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to be at least in part initiated by a negative feedback mech-
anism from other epithelial cells in the free edge of the
wound (5). Substances in the substrate which are important
for direction of the migration seem to be collagen fibers,
fibrin and fibronectin, as earlier described. Fibronectin
appears to be a substrate for cell movement and to have a
binding capacity for epithelial cells as well as monocytes,
fibroblasts, and endothelial cells (101, 482–484).

Proliferation of epidermal cells starts after 1 to 2 days in
the cells immediately behind the migrating edge, thereby
generating a new pool of cells to cover the wound (472, 485).
Mitosis in epidermal epithelium has a diurnal rhythm, being
greatest during rest and inactivity. In normal epidermis, very
few basal cells are in mitosis at any given time. Epidermal
wounds, however, result in a change of the diurnal mitotic
rhythm in cells adjacent to the wound, resulting in an
absolute increase in mitotic activity and an increase in the
size of epidermal cells (453). The maximal mitotic activity
is found on the 3rd day and continues until epithelialization
is complete and epithelial cells have reverted to their normal
phenotype and reassumed their intercellular and basement
membrane contacts by differentiation (486).

A number of stimuli for epidermal cell growth and
thereby wound closure have been indentified, such as
calcium in low concentration, interleukin-1, basic fibroblast
growth factor (bFGF), epidermal growth factor (EGF),
platelet derived growth factor (PDGF) and transforming
growth factor-alpha (TGF-α) (467, 482). The only factor
known to block epithelial growth is TFG-β (478, 487). Most
of these molecules are released from cells within the wound
environment such as platelets, inflammatory cells, endothe-
lial cells and smooth muscle cells (Fig. 1.4).

Another factor which influences epithelialization is
oxygen tension. Thus a high pO2 has been found to increase
epithelialization (488, 489).

Epithelial repair differs temporally in different types of
wound. In incisional wounds, mobilization and migration
of epithelial cells is a rapid response compared to other
events of the wound healing process. Already after 24 to 48
hours the epithelial cells have bridged the gap in clean inci-
sional and sutured wounds (142). In small excised and non-
sutured wounds which heal by secondary intention the
surface is initially covered by a blood clot. Migrating epithe-
lium does not move through the clot, but rather beneath it
in direct contact with the original wound bed. Epithelial
cells appear to secrete a proteolytic enzyme that dissolves the
base of the clot and permits unimpeded cell migration.

In large excised wounds, all stages of epithelial repair may
be seen simultaneously. In such wounds epithelialization
will not be complete before granulation tissue has devel-
oped. Epithelial cells will use this bed for subsequent migra-
tion. Depending upon the size of wound the surface will
subsequently be covered by a scar epithelium which is thin,
and lacks strong attachment to the underlying dermis as well
as lacking Langerhans cells and melanocytes.

One factor which has a strong influence upon epithelial
healing is the depth of the wound. In superficial wounds the
regeneration from hair follicles coincides with epithelializa-

tion from the wound edges. In deeper wounds, all epider-
mal regrowth occurs from the wound edge.

Finally, it should be mentioned that reepithelialization is
significantly enhanced if the wound is kept moist (481).

In the oral cavity the morphological changes seen during
epithelialization of the rat molar extraction socket appear to
be similar to wounds that involve oral mucosa (74,
490–494). Thus the epithelium migrates down into and
across the wound with either fibrin–fibronectin or granula-
tion tissue–fibronectin below it and the superficial wound
contents (i.e. neutrophil leukocytes, tissue debris, food ele-
ments and bacteria) above it. This layer is subsequently lost
in the form of a scab following reepithelialization (492).

Microenvironnent in wounds

Microenvironments in wounds are the sum of the single
processes mentioned earlier. Of particular interest for the
wound healing process is the influence of the wound
microenvironment as an initiator, supporter and terminator
of the wound healing processes (495).

Cellular activity in the wound has already been discussed
in detail, but can be described as three waves of cells invad-
ing the wound area. Apart from their role in hemostasis,
platelets serve as the initiators of wound healing by their
release of substances such as growth factors (e.g. PDGF,
platelet factor IV, IGF-1, TGF-β and an uncharacterized
chemoattractant of endothelial cells at the moment of injury
(Fig. 1.4). As the access of platelets to the wound area is
limited by the coagulation process the supply of these factors
is limited.

The second set of cells, polymorphonuclear leukocytes,
migrate into the wound after a few hours largely under the
direction of complement factors. Their role in the wound
healing process appears mainly to be the control of infection.

The third type of cell invading the wound area are the
monocytes, which are attracted to the injury site by platelet
factors, complement and fibrinopeptides. After entering the
wound, these cells are transformed to macrophages and take
over the control of healing processes. It would appear that
macrophages have the capacity to detect and interpret
changes in the wound environment and thereby initiate
appropriate healing responses.

In the early wound, cells float around in the tissue fluid
of the wound and their function and movement are directed
by different growth factors (e.g. TGF-β, IL-6, IGF-1 and
insulin produced by platelets and/or macrophages).

The amino acid content of wound fluids reflects to some
extent the metabolic events. Amino acid concentrations are
initially close to those of serum. Later, they approach that of
inflammatory cells. After some time particularly glutamine
and glutamate rise well over that of serum, whereas arginine
concentration falls to low levels due to conversion to
ornithin and citrullin (495). Arginine has been shown to be
active in influencing the wound healing process and seems
to activate macrophages (496, 497).
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It would seem that the wound fluid, with its mixture of
growth factors, amino acids and other components, is 
conducive to cell proliferation. Thus, it has been found
experimentally that cell growth was optimized in the 
presence of wound fluid compared to cell growth in 
serum (327).

Wound microenvironments have been studied in rabbit
ear chambers in which healing tissues can be visualized
between closely approximated, optically clear membranes
mounted under a microscope (Fig. 1.26). This narrow space,
as thin as 50µm, forces healing cells to travel in coherent
order, so that one or two cells pass at a time (49). In this
model, influence of oxygen tension and lactate concentra-
tion could be measured by microprobes and has been 
characterized (49). An oxygen gradient from the central
wound space in the chamber to the peripheral normal 
tissue has been described. While oxygen tension along the
edges of the wound is very low, with hypoxia close to 0
mmHg, the oxygen tension at the periphery of the wound is
up to 100 mmHg. This oxygen tension gradient seems to be
important in the initiation of the wound healing process.
Concurrently, lactate concentration in the wound space is
10–20 times that of venous blood, resulting in a fall in pH
to 7.25 (498).

Wound healing module

After the first phase of the inflammatory process occurs, a
characteristic cell build-up is found after 3 to 4 days 

(Fig. 1.26). At the edge of a wound is a vanguard of scav-
enging cells, the majority of which in the non-infected
wound are macrophages. If the wound is infected, these
macrophages are accompanied by large numbers of neu-
trophilic leukocytes.

Beneath the phagocytes is a layer of immature fibroblasts,
floating in a gelatinous, non-fibrillar matrix, which are
unable to divide because of local hypoxia. Beneath this layer
of fibroblasts is a group of dividing fibroblasts which are
associated with the most distal perfused arcaded capillaries,
and behind the first perfused capillary loops are more 
dividing fibroblasts which provide cells to form the new
tissue.

Distal to this zone, blood vessels increase in size and
become less dense, probably as a result of enlargement or
coalescence of a few vessels, as the other channels recede
from the pattern of vascular flow. Between these vessels lie
mature fibroblasts and new fibrillar collagen. This arrange-
ment of cells creates an environment that is favorable to
angiogenesis and collagen deposition and has been termed
the wound healing module (Fig. 1.4).

Fibroblasts in mitosis are always found just ahead of the
regenerating vessels, where the tissue oxygen tension is
optimal for replication (i.e. about 40 mmHg). It is assumed
that these fibroblasts behave as growth centers and that new
fibroblasts remain at this location until reached by the neo-
vascular zone, whereafter they initiate collagen production
(499). The hyperemic neovascular front has a higher pO2

(Fig. 1.26) which is optimal for collagen synthesis. Thus the

Fig. 1.26 Cellular build-up, oxygen
tension and lactate concentration in a
rabbit ear chamber The center of the
wound is to the right on the drawing.
At this location where macrophages
operate there is very low oxygen
tension and a high lactate concentra-
tion. It appears that oxygen tension is
closely related to the location of the
vasculature. Replication of fibroblasts
takes place ahead of the regenerating
vessels, whereas fibroblasts begin col-
lagen production when the neovascu-
lar front reaches the proliferating
fibroblasts. From HUNT & VAN WINKLE
(499) 1976.
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fibroblasts replicate and produce collagen in different
wound environments.

It has been found that hypoxia or exposure to a high
lactate concentration increases the capacity of fibroblasts to
synthesize collagen when they are subsequently placed in an
oxygenated environment (500, 501). It has been suggested
that lactate stimulates collagen synthesis (495). Thus lactate
has been shown to induce an increase in procollagen mRNA.
Lactate concentration in test wounds is greatest in the
central space and persists well into the zone of collagen syn-
thesis (Fig. 1.26). It is therefore suggested that new vessels
overtake the immature fibroblasts and change their envi-
ronment from high lactate and low oxygen tension to high
lactate and high oxygen tension and thereby increase both
their collagen synthesis and their deposition. When the
wound cavity is totally filled with granulation tissue, the
hypoxia and high lactate concentration gradually diminish
as does macrophage stimulation, whereupon the wound
healing process will stop.

Oxygen tension in the wound has been shown to be
important for collagen deposition and the development of
the tensile strength of the wound (488, 502), for regulation
of angiogenesis (369) and for the epithelialization of
wounds (472). Oxygen in the wound’s extracellular envi-
ronment also has an important role in the intracellular
killing of bacteria by granulocytes (503).

Neutrophil migration, attachment and ingestion of bac-
teria apparently are independent of oxygen; however, the
killing of the most important wound pathogens is achieved
by mechanisms that require molecular oxygen (504). These
mechanisms are introduced through reducing extracellular
molecular oxygen to superoxide which is then inserted into
phagosomes. Here the superoxide is converted to high-
energy bactericidal oxygen radicals for optimal bacterial
killing (505).

Several studies in normal volemic animals have shown
that they clear bacteria from wounds in proportion to the
fraction of oxygen in the inspired gas. Infection was less
invasive or failed to develop in hyperoxygenated guinea pigs
when bacteria were injected into skin (505). Furthermore,
infected skin lesions in dogs became invasive in tissues with
extracellular fluid oxygen tension under 60 mmHg; however,
they remained localized if the tissue was better oxygenated,
as in the case of higher inspiratory oxygen concentration
(506). Experience in human subjects tends to support these
findings; but no trial has yet been performed supporting
these observations.

Factors affecting the wound 
healing process

External factors have an influence on the wound healing
process. The categorization is often generally done as local
or systematic. In acute surgical wounds a classification base
on patient- and surgical-related factors is most convenient
(Table 1.2). Patient-related factors are associated to the
single patient and can alone or together with other factors

inhibit or prevent wound healing. Surgical-related factors
can be separated in pre-, peri- and postoperative influenc-
ing factors.

Blood circulation and oxygenation of 
the wound

Continuous supply of oxygen to the tissue through a suffi-
cient tissue perfusion is vital for the healing process as well
as resistance to infection (488, 502, 507–509). Collagen pro-
duction and development of strength of the wound is
directly correlated to the partial pressure PO2 of the tissue
(PtO2 ). Epithelialization is also dependent on oxygen, but
the humidity of the wound healing environment seems of
more importance. Moist wound healing increases the
epithelialization by a factor 2–3 while the optimal growth of
epidermal cells is found at an oxygen concentration between
10 and 50%.

Anemia with hematocrite values of 15–20 has in experi-
mental animal studies in cases of normal function of the
heart and normal tissue perfusion been of minor impor-
tance for the PO2 in the wound area and consequently for
the healing. Evaluation of tissue perfusion and oxygenation
is important in all types of wound. Monitoring systems
should measure the hemodynamic situation and the 
ability of the cardiovascular system to deliver an adequate
volume of oxygen to meet the metabolic demands of the
peripheral tissue.

Tissue perfusion is determined by a variety of general and
local factors. Peripheral tissue perfusion is influenced by
multiple cardiovascular regulatory mechanisms. In response
to hemorrhage, these mechanisms maintain blood flow to
vital organs, such as the heart and brain, while blood flow
to other tissues is decreased (510, 511). Circulatory adjust-
ments are effected by local as well as systemic mechanisms
that change the caliber of the arterioles and alter hydrostatic
pressure in the capillaries. Detection of poor tissue perfu-
sion, and especially tissue oxygenation, is crucial in the post-
injury and care periods.

If wound edges show signs of ischemia, there is a risk of
impaired wound healing with development of wound
leakage and infection. From the knowledge of healing
wounds of the oral cavity and the anus, it is obvious that
perfusion is the major factor in resistance to infection.
Despite contamination of both types of wound with bacte-
ria, they almost always heal without infection if patients
have a normally functioning immune system. The difference
between these and other wounds (e.g. extremities) is not
related to local immunity, but to differences in perfusion and
oxygenation.

Increased oxygen tension improves resistance to infection
through local leukocyte function (512). Thus, experimental
data have shown that the killing capacity of granulocytes is
normal only to the extent to which molecular oxygen is
available (503, 513–519). Bacteria killing involves two major
components. The first is degranulation of neutrophils in
which bacteria located within the phagosome are exposed to
various antimicrobial compounds from the granules. The
effect of this system is unrelated to the environment of the
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leukocytes. The second system is the so-called oxidative
killing and depends upon molecular oxygen absorbed by 
the leukocytes and converted to high energy radicals such 
as superoxide, hydroxyl radical, peroxides, aldehydes,
hypochlorite, and hypoiodite, all substances which to
varying degrees are toxic to bacteria. In this regard it 
is important to consider that the efficacy of oxidative 
bacteria killing is directly proportional to local oxygen
tension (539).

The clinical relevance of blood flow and oxygen supply to
healing and infection has been shown experimentally in skin
flaps in dogs (32, 392, 395). In flaps with a high perfusion
and tissue oxygen tension, no infection was found after
injection of bacteria; whereas invasive, necrotizing infec-
tions were found in flap areas in which oxygen tension was
less than 40 mmHg. When oxygen tension in inspired gas
and arterial blood was raised or lowered, the infection rate
corresponded to tissue oxygen tension, but not to oxygen
carrying capacity.

With respect to healing of dental tissues, the oxygen
tension may have a significant effect. Thus, several in vivo
tissue culture studies have shown that low oxygen tension
(e.g. a 5% oxygen atmosphere) results in reduced collagen
and bone formation. A concentration of 35% O2 was found
to be optimal for collagen and bone formation, while a high
oxygen concentration (95%) resulted in depression of col-
lagen and bone formation as well as osteoclastic resorption
of bone and cartilage (520–522). This in vitro relation
between high oxygen concentration and osteoclastic activity
may have an in vivo counterpart in vanishing bone disease
(Gorhams disease or vanishing facial bone) (523, 524) as
well as the internal surface resorption phenomenon seen in
revascularization of the pulps of luxated or root-fractured
teeth (525). In both instances active local hyperemia 
and increased oxygen supply may be related to osteoclastic
activity.

Among local factors which can control blood supply and
tissue perfusion to the injured tissue, tension caused by
splints or sutures may seriously jeopardize local circulation.
Thus, splinting types exerting pressure on the periodontium
may disturb or prevent uneventful PDL or pulp healing and
lead to disturbances, such as root resorption, ankylosis and
pulp necrosis (see Chapter 2, p. 76). Furthermore, tension of
sutured soft tissue wounds may lead to ischemia with sub-
sequent risk of wound infection (see Chapter 21, p. 592).

Hyperbaric oxygenation

Hyperbaric oxygen (HBO) has been introduced in the treat-
ment of various oral conditions such as problem wounds
subsequent to irradiation as well as in cases of
grafting procedures where vascularization appears com-
promised, as well as in other types of chronic wounds (526,
617, 618).

HBO is administered in pressurized tanks where the
patients inhale 100% oxygen at a pressure of 2 atmospheres.
The interaction of HBO to hypoxic tissue has a range of
effects (7). The most significant effect of HBO is that it aug-

ments the oxygen gradient within the wound healing site,
thus leading to increased fibroblast and endothelial activity
(269, 527–530) as well as increased epithelialization 
(489). HBO may also suppress growth of certain bacteria
(512).

In experimental gingival wounds in rats, it has been found
that HBO augments gingival connective tissue healing
during the first 2 weeks, whereafter no difference was seen
in comparison to wounds healed at normal atmosphere
(531). In more extensive wounds in rats, where mandibular
ramus osteotomy wounds severed the neurovascular supply
in the mandibular canal, it was found that HBO reduced or
prevented the ischemic damage to pulp cells, ameloblastema
and adjacent bone on a short-term basis (i.e. after 10 days).
With an observation period of 30 days, HBO was found to
stimulate osteodentin and bone formation in the zones of
injury (532).

This beneficial effect of HBO on bone healing after injury
is supported by a human study where acceleration of bone
healing after osteotomy could be demonstrated after the use
of hyperbaric oxygen (533, 619).

Smoking and alcohol

Smoking influences the healing process by different mecha-
nisms. Nicotine is quickly absorbed and starts a release of
catecolamines resulting in a peripheral vascular constriction
followed by decrease in perfusion rate of 42% (534). Fur-
thermore the CO in the cigarette smoke will reduce the
oxygen content of the blood. These combined effects have
been shown to decrease the tissue perfusion by more than
30% in more than 45 minutes in specific areas of the body
(535). In such areas the production of collagen is 1.8 times
higher in non-smokers compared to smokers (536). Leuko-
cytes in smokers have also shown a decreased ability to kill
bacteria resulting in a higher risk of wound infections 
in smokers. In surgical patients an increased risk of
necrosis of the wound edge, diminished cosmetic result,
increased risk of anastomic leakage after bowel surgery, and 
increased recurrence rate after hernia surgery have been
described (49).

A recent study has found that healthy smokers have a
higher incidence of wound infections and wound ruptures
than never-smokers, and 4 weeks of abstinence from
smoking reduces wound infections to a level similar to
never-smokers (537).

Alcohol has also shown an increased risk of postoperative
infection, bleeding, exudation and wound/anastomoses
rupture. The specific influence on the wound healing
process is not known, but alcohol consumption decreases
total protein but not collagen in artificial wounds. These
changes are reversible after stopping alcohol intake (538).

Infection

Infection is the most common complication which can
disturb wound healing (342). Development of infection is
determined by the number and type of contaminating



Wound Healing Subsequent to Injury 41

organisms, host defense capability and local environ-
ment (540).

When bacteria invade a wound, the final outcome of this
event is related to the success of the initial phase of the
inflammatory response in establishing an antibacterial
defense (Fig. 1.27). Timing is critical and the fate of the con-
taminating bacteria appears to be determined within the
first 3 to 4 hours after injury. During this period, the early
inflammatory process is established and will usually result
in the elimination of bacteria (539, 541, 542).

The risk of infection appears to be directly related to the
number of bacteria initially present in the wound (540). If
the bacteria are not eliminated during these first critical
hours, a series of events which will effect wound healing will
occur. Thus the formation of fibroblasts will be disturbed in
several ways and fibroblast proliferation is generally inhib-
ited; but stimulation may occur in certain circumstances
(541–547). Liberation of toxins, enzymes and waste prod-
ucts from bacteria decrease or inhibit collagen synthesis
(548) and increase the synthesis of collagenase, resulting in
lysis of collagen (549). Furthermore, some bacteria decrease
the amount of oxygen available in the infected tissue (550,
551) whereby healing processes suffer. Collagen formation
is reduced, cell migration is delayed or arrested, cellular
necrosis and microvascular thrombosis may result (552).
Wounds have been classified as:

• Clean wounds, which are uninfected operative wounds in
which no inflammation is encountered.

• Potentially contaminated wounds, in which the respiratory,
alimentary or genitourinary tracts are entered under con-
trolled conditions during surgery.

• Contaminated wounds where acute inflammation (without
pus) is encountered or where there is a gross spillage from
a hollow viscus during surgery.

• Dirty wounds and infected wounds which are old traumatic
wounds and operating wounds in the presence of pus 
or those involving clinical infection of perforated 
viscera (552).

The level of aerobic and anaerobic contamination expressed
as bacteria in the wound (i.e. colony forming units per unit
area) is for clean wounds 2.2, for potentially contaminated
wounds 2.4 × 101, for contaminated wounds 1.1 × 103, and
for dirty wounds 3.7 × 103 (553).

Oral wounds are associated with a high risk of contami-
nation as saliva contains 108–9 bacteria per milliliter (554).

The infective dose of bacteria which results in a micro-
scopic infection has been found to be 105 bacteria per gram
of tissue (555). A correlation has been found in different
types of wounds between preclosure bacterial density of
aerobic and anaerobic bacteria and post-surgical wound
infections (553). It is recognized that both aerobic and

Fig. 1.27 Bacteria and the initial
inflammatory response. The period of
active tissue antibacterial activity
(decisive period) relates well to the
establishing of the inflammatory
response, as reflected by increased
vascular permeability and leukocyte
migration into the wound site. From
LEAK & BURKE (539) 1974.
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anaerobic organisms are implicated in most wound 
infections.

The use of antibiotics to supplement the natural host
resistance (i.e. the early inflammatory response) has been
found to be additive and sometimes even synergistic in 
bacteria killing. However, if antibiotics are given with more
than a 3-hour delay, animal experiments have shown 
that the effect of antibiotics such as penicillin, erythromy-
cin, chloramphenicol and tetracyclin was eliminated (556).
The timing of antibiotics therefore seems to be of utmost
importance.

Many factors are described as contributing to impaired
wound healing as well as increased risk of infection. Some
of these factors may have a direct influence on the healing
process while other factors have an indirect influence by
changing circulation and thereby oxygenation.

Foreign bodies

The presence of foreign bodies can contribute to delayed
healing, but is normally not by itself sufficient to prevent
healing. Foreign bodies provide a focus for bacterial growth,
and consequently a smaller amount of bacteria is needed to
cause infection in the wound area. More than 50 years ago
it was observed that just a single silk suture present in the
wound area increased the susceptibility to bacteria (Staphy-
lococcus) by a factor of × 10 000 (557, 558). Other types of
foreign materials, such as soil, clothing and drains have also
been shown to increase the risk of postoperative infection
and impaired wound healing (559–561). Recently it has been
found that bacteria may be camouflaged on artificial sur-
faces by producing an extracellular carbohydrate film (562).
This film seriously affects the host response by inhibiting
chemotaxis, bacterial engulfment and the oxidation
response of the phagocytes.

Foreign bodies in oral and other soft tissue wounds
consist mainly of soil and its contaminants (563), but also
tooth fragments can be found. Soil has four major compo-
nents: inorganic minerals, organic matter, water and air. The
coarser components of soil are stone, gravel and sand. The
smallest inorganic particle found in soil is clay. Not only
does soil carry bacterial contamination into the wound, but
the mere presence of inorganic and organic particles has
been shown to lead to impairment of leukocyte ability to
ingest and kill bacteria (559). Therefore very few bacteria are
able to elicit purulent infections in the presence of foreign
bodies. As there is no way of neutralizing the effect of soil,
therapeutic efforts should be directed towards removing it
from the wound area (see Chapter 21, p. 580).

In traumatic wounds, foreign bodies can usually be
removed, improving wound healing and decreasing the risk
of infection. In surgical wounds, however, this may not
always be the case. The most common foreign bodies in sur-
gical wounds are sutures, drains and biological materials
such as hematomas.

Sutures

The ideal suture can be described as free of infection, non-
irritating to tissues, achieving its purpose and disappearing

when the work is finished (435, 563). Such ideal sutures are
still not available; but by choosing the best material, the
complication rate provided by the suture material itself can
be decreased. Bulky and braided suture materials are gener-
ally more likely to cause trouble than fine monofilament
sutures (564, 565) (see Chapter 21, p. 592).

In non-infected multifilamentous sutures, fibroblasts and
giant cells appear early and the suture strands remain tightly
bound in comparison to infected sutures where bacteria 
are entrapped within the braids, leading to pus forma-
tion (566).

The reaction around a monofilament suture is minimal
and a fibrous capsule appears after 10 days, even in the pres-
ence of infection. Apart from the knots, there is no space for
bacteria to lodge (566). The ideal suture is therefore a
monofilament type of suture with sufficient strength to hold
the wound edges together until significant healing has
occurred, even in delayed healing. The use of absorbable and
non-absorbable sutures in relation to wound healing 
and infection is still controversial (567–569). The use of
sutures in soft tissue wounds is further discussed in 
Chapter 21, p. 592.

Distant wound response

For decades it has been known that a wound preceded by a
previous injury heals faster than a primary wound. Thus
from a mechanical point of view (wound strength) a second
wound heals faster than the first (570). The explanation for
this phenomenon is still uncertain. Another distant wound
response is found when two wounds occur simultaneously
in distant parts of the body. In these cases impaired blood
circulation may be found in the wounds leading to impaired
healing (571).

Age

Fetal wound healing

Healing of experimental oral wounds in a mammalian fetus
differs greatly from similar wounds in adults (572–576).
Thus accelerated healing without scarring is found in fetal
wounds, even in defect wounds. The wound response
appears to be without acute inflammation and with minimal
fibroblast and endothelial cell proliferation (577). Further-
more the extracellular matrix appears collagen-poor and
rich in hyaluronic acid.

Hyaluronic acid is laid down early in the matrix of both
fetal and adult wounds; but sustained deposition of
hyaluronic acid is unique to fetal wound healing (578).
Hyaluronic acid is presently thought to play a decisive role
in the regenerative process, as it provides a permissive envi-
ronment for cell proliferation and mobility (572, 573, 577,
579) and suppresses macrophage-effected postnatal repair
(579). It has been shown that the elimination of transform-
ing growth factor β (TGF-β) from healing wounds in adult
rats reversed the typical fibrous scar formation to a stage of
fetal wound healing without scar tissue (580). This implies
that the control of selected cytokines may be a future
approach to control scarring.
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Adult wound healing

The relationship between age and healing of skin wounds in
respect to speed of healing has been studied experimentally
in rats (581–588), rabbits (589, 590) and in humans (591,
592). Experiments examining the role of the age factor upon
wounding of oral mucosa and gingiva have been performed
in rats (593–597) mice (598) and humans (599–601). In the
most comprehensive studies using experimental skin
wounds in rats and gingival wounds in humans, it was found
that healing of gingival defects is slower and regeneration
more incomplete in old than in young individuals. Further-
more, wound strength develops more slowly in old rats than
in young rats, a finding which was related to the better func-
tional arrangement of collagen fibers in the young animals
(602). In the gastrointestinal tract, however, aging seems not
to have an adverse influence on wound healing (603).

Wound infection is also strongly related to age (604, 605).
Thus, in a prospective study on wound infection subsequent
to surgical wounds, a wound infection rate of 0.6% was
found in children aged 1–14 years and this rate rose to a
maximum of 3.8% in patients over 66 years of age (604).

Optimizing oral wound healing

An important principle to consider in this context is that the
mode of action of both normal wound healing and the
response to infection seems to follow a general pattern
which is sometimes in conflict with the regeneration of
injured organs. This is apparent in skin wounds where the
need for rapid wound closure (in order to prevent infection
from invading microorganisms) usually results in the for-
mation of a scar. In the dental organ, an effective response
against bacteria takes priority with activation of the neu-
trophils, lymphocytes, macrophages and osteoclasts leading
to frequent bone and tooth loss due to hard tissue resorp-
tion (see Chapter 2, p. 80).

Presently, the most likely avenue whereby healing prob-
lems can be avoided appears to be careful tissue handling
whereby tissue perfusion is re-established or stabilized and
wound contaminants (e.g. foreign bodies and microbes) are
reduced or eliminated.

To achieve this goal, various steps are necessary in the
diffent phases of wound healing. In the coagulation phase,
assistance in achieving hemostasis may be necessary. In per-
forming this, it is important not to use excessive cautery,
which results in tissue necrosis, or topical hemostatic agents
(e.g. Surgicel®, Oxycel®, Gelfoam®) that may have a potenti-
ating effect for infection (559). Instead, firm pressure
exerted with a gauze sponge for several minutes usually
results in hemostasis.

In handling oral wounds, a local anesthetic is usually nec-
essary. In this regard it should be borne in mind that the
vasoconstriction of the anesthetic solution increases the risk
of infection of the wound due to interference with the
inflammatory response in the critical first hours after injury
(559, 606). Regional block anesthesia rather than local 

infiltration of the anesthetic solution is therefore to be 
recommended.

Wound debridement should be limited to removal of
foreign bodies and obviously damaged tissue which cannot
be anticipated to survive or become revascularized (see
Chapter 21, p. 581).

The elimination and/or reduction in the size of the blood
clot should be attempted in order to facilitate wound
healing, including revascularization. This applies to soft
tissues as well as tooth and bone repositioning.

The value of complete immobilization of the wound
edges is presently under debate so only a few treatment prin-
ciples can be suggested.

In soft tissue wounds any sutures used to immobilize the
wound edges must be regarded as foreign bodies which
increases the risk of infection (276, 559). Thus a minimal
number of sutures should be used, and a suture type should
be chosen which elicits minimal side effects (see 
Chapter 21, p. 593).

In regard to hard tissue healing, splinting should gener-
ally be performed. These splints should not augment the risk
of infection, whereby the application and the design of the
splints becomes crucial (see Chapter 32).

The value of antibiotics in oral wound healing is presently
unsettled (see Chapters 17 and 21). If indicated, antibiotics
should be administered as early as possible and preferably
not later than in the first 3 to 4 hours after trauma and only
maintained for a short period of time (540) (see Chapters 17,
18 and 21). Acceleration of oral wound healing by the use of
growth factors is in its initial stage and has the potential to be
an essential part of trauma treatment (Chapter 2). The fasci-
nating perspective in the use of growth factors is the achieve-
ment of an orchestrated healing response whereby certain
parts of the cellular response are promoted (e.g. angiogene-
sis, fibrillogenesis, dentinogenesis, osteogenesis and epithe-
lialization). The initial attempts at such an approach to oral
wound healing appear very promising (see Chapter 21).

Essentials

Regeneration is a process whereby the original architecture
and function of disrupted or lost tissue is completely
restored.

Repair is a process whereby the continuity of disrupted or
lost tissue is restored by new tissue, but which does not
reproduce the original structure and function.

The general steps in wound healing

• Control of bleeding by the combined action of vasocon-
striction and coagulation

• Inflammatory response, whereby leukocytes migrate into
the wound in order to protect the area against infection
and perform cleansing of the wound site

• Connective and epithelial tissue migration and prolifera-
tion, which obturate the wound defect and add mechani-
cal strength to the wound
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• Reorganization of the tissue by a remodeling process
which results in more functionally oriented collagen fibers
which increase the strength of the wound.

The main roles of the individual tissue cells

• Platelets, apart from their role in initial hemostasis and
their activation of the coagulation cascade, serve as initia-
tors of the wound healing process.

• Polymorphonuclear leukocytes prevent bacterial infection
within the wound site.

• Macrophages are scavengers of tissue remnants and foreign
bodies including bacteria and the key cells in coordinat-
ing the cellular events in wound healing.

• Fibroblasts produce collagen and ground substance which
fills out the wound defect and adds mechanical strength
to the wound.

• Endothelial cells in the venules are the key cells in angio-
genesis. By coordinated endothelial cell proliferation and
migration, a new vascular network is formed at the wound
site.

• Pericytes represent a pool of undifferentiated mesenchy-
mal cells.

• Epithelial cells close the gap against the external environ-
ment by cell migration and proliferation.

The coordinated action of the above-mentioned cells is
found in the wound healing module created a few days after
injury where leading macrophages clear damaged tissue,
foreign bodies and bacteria with trailing fibroblasts and
newly formed capillaries.

Significant stimuli for the invasive growth of new formed
connective tissue and also termination of the wound healing
module appear to be growth factors as well as oxygen tension
and lactate concentration in the injury zone ahead of the
wound healing module.

Of many factors known to disturb wound healing, the fol-
lowing are the most likely candidates affecting mucosa and
skin, as well as the periodontium and the pulp of trauma-
tized teeth:

• Low oxygen delivery to the wound site due to the initial
trauma and/or improper tissue handling technique (e.g.
suturing, splinting or lack of repositioning of tissues)

• Infection due to contamination of the injury site
• Foreign bodies including inappropriate use of sutures and

drains.
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Repair and regeneration of oral tissues

An injury can be defined as an interruption in the continu-
ity of tissues, and healing as the reestablishment of that con-
tinuity. The result of this process can either be tissue repair,
where the continuity is restored but the healed tissue differs
in anatomy and function, or tissue regeneration, where both
anatomy and function are restored.

In lower vertebrates, the regeneration of appendages such
as limbs, tails and fins is common. In mammals, this healing
capacity has generally been lost, although it has been
reported that, in humans, digits amputated distal to the
distal interphalangeal joint can regenerate in children (1).
The explanation for this general loss of healing capacity in
mammals is presently under investigation. However, the
rapid epidermal healing response in mammals, which opti-
mizes wound closure in skin and thereby limits the risk of
infection, is currently believed to present an obstacle to
tissue regeneration (2).

Healing of most wounds in humans, whether caused 
by trauma or surgery, includes repair with more or less
fibrous scar tissue formation which subsequently leads to
problems in function of the particular organ affected. In the
oral region, skin wounds and to a lesser degree the oral
mucosa are repaired with scar formation (see Chapter 
21).

Dental tissues are unique in comparison to most other
tissues in the body due to their marked capacity for regen-
eration. Thus tooth germs split by trauma or surgery may to
a certain extent regenerate and the same applies to injured
dentin, cementum, bone, and gingiva (see later).

Injuries to the pulp and the periodontal ligament (PDL)
may sometimes regenerate or alternatively show repair with
fibrous scar tissue or bone.

Understanding the circumstances leading to repair and
regeneration in oral tissues has been a formidable challenge
(3). In this regard, wounding releases a variety of signals that
induce neighboring cell populations to respond by prolifer-
ation, migration, or differentiation.

The first prerequisite for tissue regeneration is that a
tissue-specific cell population is present after wounding (e.g.
pulp or PDL progenitor cells). If these cells are not present,
repair rather than regeneration will take place. A typical
example of this concept is the healing by ankylosis of teeth
in which the PDL has been injured (see p. 81).

A second prerequisite for regeneration is that conditions
exist that are conducive to migration of tissue-specific cells
into the wound site. Thus, incomplete repositioning of a
luxated tooth may lead to damage to the epithelial root
sheath and thereby forcing ingrowth of PDL-derived cells
and bone into the pulp canal. Another situation in which the
topographic conditions of the wound may determine
whether repair or regeneration take place is related to loss
of periodontal attachment on a root or an implant. In this
situation the insertion of a membrane may guide bone cells
and/or PDL into the wound site (see Chapter 28, p. 779).

A third factor that may determine tissue repair or regen-
eration in oral wounds is the presence of contaminating
foreign bodies and/or bacteria. Inflammation related to a
contaminated wound has been found to lead to repair rather
than regeneration, possibly because contamination leads to
formation of a non-tissue-specific, inflamed granulation
tissue at the expense of the proliferation and migration of
tissue specific cells.

When assessing wound healing after trauma, it is not
enough to understand the healing capacity of individual cell
types; one must also consider the various tissue compart-
ments, each consisting of different cellular systems. Differ-
ences in healing capacity and rates of healing can lead to
competitive situations and thereby to variations in wound
healing. Ischemia or the total destruction of cell layers may
occur (2) (Fig. 2.1).

This chapter will present a brief description of the
anatomy and function of cell compartments typically
involved following a traumatic event. In the description of
these compartments, anatomical borders have been chosen
which are typically the result of separation lines or contu-
sion locations subsequent to trauma. Using this approach,
the following anatomical zones evolve in relation to teeth
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with completed root development: gingival- and periosteal
complex; cemento-periodontal ligament complex; alveolar
bone complex and dentino pulpal complex. In developing
teeth, the following structures should be added: dental
follicle, enamel forming organ; and Hertwig’s epithelial root
sheath.

For each tissue compartment, a description will be given
of its anatomy and healing responses to trauma and 
infection.

Developing teeth

Dental follicle

The dental follicle (dental sac) has traditionally been con-
sidered the formative organ of the periodontium (Fig. 2.2).
This concept has been supported by experimental studies of
transplanted tooth germs which show that the innermost
layer (dental follicle proper, which is in contact with the

tooth germ) give rise to all of the components of the peri-
odontium (4–6). Based on these findings, it has been sug-
gested that the term dental follicle should be reserved for the
innermost layer of connective tissue separating the tooth
germ from its crypt (7). The remaining peripheral tissue
would therefore be designated as the perifollicular mes-
enchyme (5, 8). However, until further research has defi-
nitely ruled out the possibility of perifollicular mesenchymal
participation in the formation of the periodontal attach-
ment, it appears justified to use the term dental follicle for
all the mesenchymal tissue interposed between the tooth
germ and alveolar bone.

In addition to the role of the dental follicle in the forma-
tion of cementum and periodontal ligament fibers, it also
has a significant osteogenic capacity. Thus, in several exper-
iments it has been shown that heterotopic transplantation
of tooth germs, including their follicles, to soft tissue sites
results in formation of a complete periodontium including
cementum, periodontal ligament fibers and an adjacent shell
of bone (alveolar bone proper) (3, 5, 8–15).

Fig. 2.1 Injury zones after tooth lux-
ation. A lateral luxation implies trauma
to multiple cell systems in the peri-
odontium and the pulp, as rupture
(white arrows) or compression (blue
arrows) or ischemia damage these cel-
lular compartments. The outcome of
the healing processes is entirely
dependent upon the healing capacity
of the different cellular systems
involved. From ANDREASEN &
ANDREASEN (3) 1989.
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Fig. 2.2 Anatomy of a dental follicle of a
monkey maxillary central tooth germ. Note the
close proximity between the primary tooth and
the permanent successor as well as the loose
structure of the follicle. ×12.

Fig. 2.3 Eruption of a permanent maxillary
central monkey incisor. Note bone apposition
apically, while active bone and tooth resorption
takes place coronally. ×12.
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A number of events have been suggested to be responsi-
ble for tooth eruption, including root growth, dentin for-
mation, pulp growth and changes in the dental follicle and
the periodontal ligament (16–22). Recent experiments in
dogs and monkeys have demonstrated that changes in the
dental follicle (including the reduced enamel epithelium)
are possibly responsible for the coordinated enlargement of
the eruption pathway and movement of the tooth germ
along this pathway in the initial phases of eruption (23–26).
These findings, together with the established relationship
between the dental follicle and distinct areas of bone resorp-
tion and bone formation, suggest that the dental follicle
and/or the reduced enamel epithelium coordinate these
processes during eruption (21, 22–30) (Fig. 2.3) (see
Chapter 20). Consequently, severe disturbances in 
eruption can be anticipated if there is damage to the follicle

due to trauma or infection (see also Chapters 19 and 
20).

Response to trauma

Histologic studies have revealed a very close relationship
between the primary teeth and the permanent dentition,
especially in the initial phases of development (31, 32) (Figs
2.2 and 2.3). Traumatic injuries can therefore easily be trans-
mitted from the primary to the permanent dentition (34).

While there is abundant clinical evidence to show that the
dental follicle has a remarkable healing capacity after injury,
certain limitations do exist. Thus, it has been shown that,
when larger parts of the dental follicle are removed, an anky-
losis is formed between the tooth surface and the crypt and
eruption is arrested (23, 25) (Fig. 2.4). The extent to which

0 d 0 d 9 mo

Fig. 2.4 Replantation of maxillary
monkey tooth germs with damaged
follicles. Preoperative and postopera-
tive radiographs and the condition
after 9 months. No eruption has taken
place. Low power view of both central
incisors. Note the lack of eruption
despite almost complete root forma-
tion. Furthermore note the ankylosis
sites affecting the crowns of both teeth
(arrows). From KRISTERSON &
ANDREASEN (25) 1984.
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a follicle can be damaged without leading to this complica-
tion is not known.

Response to infection

Very little information exists on the reaction of the dental
follicle to infection. In monkeys, it was found that follicles
of permanent incisor tooth germs were resistant to short-
term chronic periapical infection (i.e. 6 months exposure)
originating from the root canals of primary incisors 
(Fig. 2.5), and no influence could be demonstrated on 
the permanent successors with respect to enamel mineral-
ization (33). In rare instances, acute infection has been
found to spread to the entire follicle and to lead to seques-
tration of the tooth germ. Such events have been reported
after traumatic injuries to the primary dentition, in jaw frac-
tures where the line of fracture involves a tooth germ, or in
cases of osteomyelitis which affect the bony regions con-
taining dental follicles (34). Apart from these rare occur-

rences, the dental follicle appears to be rather resistant to
infection.

Enamel-forming organ

The formation and maturation of enamel in the permanent
dentition is often disturbed or arrested by trauma transmit-
ted from primary teeth after displacement and/or periapical
inflammation resulting from infection. The outcome of such
events depends primarily upon the stage of enamel forma-
tion at the time of the injury.

The usual stage at which primary tooth injuries interfere
with odontogenesis of the permanent dentition is the begin-
ning of mineralization of the incisal portion of the crown.
At this stage of development, the enamel-forming organ
consists of the cervical loop placed apically to the site of
active enamel and dentin formation. Coronally, the enamel
epithelium is divided into the inner and outer enamel

Fig. 2.5 Follicular changes after
pulp necrosis of a maxillary
monkey central primary incisor
Late stages of tooth development of
permanent tooth germs. Low power
view of control tooth (A) and experi-
mental tooth (C). ×7.

Changes in the follicle
B. Normal reduced enamel epithelium
in control tooth. In the experimental
tooth (D) there is intense periapical
inflammation demarcated from
reduced enamel epithelium by a thin
layer of fibrous tissue (arrows). ×75.
From ANDREASEN & RIIS (33) 1978.
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epithelium with an intervening stratum intermedium and
stellate reticulum between them. The reduced enamel
epithelium is found more coronally, where the full enamel
thickness has been formed and mineralization completed. In
the following, a synopsis of the anatomy and function of
these structures will be presented, as well their response to
trauma and infection.

Cervical loop

At the free border of the enamel organ, the inner and outer
enamel epithelial layers are continuous and form the cervi-
cal loop (35, 36). Progression of tooth development is
entirely dependent upon the growth and action of this 
structure.

Response to trauma

The cervical loop is highly resistant to trauma. Simple 
separation of the cervical enamel and dentin matrix does
not prevent further enamel or dentin formation (37, 38)
(Figs 2.6 and 2.7). However, profound contusion of this
structure, as after intrusion of a primary incisor into the
developing successor, may result in total arrest of further
odontogenesis.

Response to infection

The response of the cervical loop to infection has not yet
been studied.

Inner enamel epithelium

According to function, the inner enamel epithelium
(ameloblasts) evolves through a number of functional stages
(39–41) (Fig. 2.8). The first is the morphogenetic stage
whereby the future outline of the crown is determined.
This stage is followed by an organizing stage, with initiation
of dentin formation. The formative stage is then reached,
where enamel matrix formation as well as initial mineral-
ization take place. The maturation stage follows 
enamel matrix formation. During this stage, there is partial
removal of the organic enamel matrix accompanied by a
complex mineralization process proceeding from the region
immediately adjacent to dentin and progressing outward
(42). These are followed by the protective and desmolytic
stages, which will be described later. During these two stages,
the tissue layer is now designated the reduced enamel
epithelium.

A

B

C

DE

Fig. 2.6 Immediate changes
after intrusion of a primary
monkey incisor. A. Low power
view of specimen. ×8. B. Dislo-
cation between mineralized
tissues and cervical loop. ×75.
C. Rupture and bleeding in stel-
late reticulum. ×75. D. Destruc-
tion of reduced enamel
epithelium. ×75. E. Separation
of reduced enamel epithelium
from connective tissue. ×75.
From ANDREASEN (37) 1976.
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Response to trauma

To date, only limited knowledge exists concerning the
response of the inner enamel epithelium to trauma (37, 38,
43–46). In the case of total loss of ameloblasts in the 
secretory phase, no regenerative potential exists (44). In the
case of partial damage, the ameloblasts in the secretory
stage may survive and continue enamel matrix formation,
and later maturation may occur (42, 45–47) (Figs 2.6 and
2.7).

If there is total loss of the ameloblasts during the matu-
ration stage, a hypomineralized area of enamel will develop.
If partial damage occurs, the ameloblasts may recover and
the result may be only a limited zone of hypomineraliza-
tion (42).

Response to infection

When chronic periapical inflammation develops due to the
necrosis of an infected pulp in primary teeth, the effect upon
permanent successors is very limited, at least over a short
time (i.e. months) (33) (Fig. 2.5). When infection persists
over longer periods (i.e. years), experimental and clinical
studies have shown that enamel formation and maturation
may be affected (48–50).

The response to acute infection is similar to the response
to trauma and may lead to localized arrest of enamel for-
mation (51–58). At the site of injury, a cementum-like tissue
may later be deposited (59, 60). In this situation, the cemen-
toblasts are most probably recruited from the follicle, shown
to have cementogenic potential (61).

Fig. 2.7 Late changes after intru-
sion of primary incisors in a
monkey
Low power view of specimen (A),
where the intruded tooth is preserved
and the contralateral side where the
intruded tooth was extracted (D). ×8.

Changes in enamel and dentin
Morphologic changes in enamel matrix
and dentin (B). Destruction of enamel
epithelium and abnormal matrix for-
mation (C). Partial arrest of enamel
matrix formation (E). ×30. Metaplasia
of enamel epithelium and abnormal
matrix formation (F). ×75. From
ANDREASEN (37) 1976.
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Reduced enamel epithelium

When enamel matrix formation is complete and enamel
maturation begun, the ameloblasts become compact and the
stellate reticulum disappears, and a multilayered epithelium
is formed of cuboidal or flattened cells. The following func-
tions are currently linked to the reduced enamel epithelium:
protection of the enamel against the follicle until the tooth
erupts (62), regulation of osteoclastic activity in the follicle
preparatory to eruption (62), and participation in the break-
down of the connective tissue overlying the crown (63–66).
In addition, the reduced enamel epithelium may play an
active part in fusion with the oral epithelium as the tooth
emerges into the oral cavity (64).

Response to trauma

Minor injury to the reduced enamel epithelium is repaired
with a thin squamous epithelium (37) (Fig. 2.9). The influ-
ence of this event upon eruption is presently unknown, but
with larger areas of destruction of the reduced enamel
epithelium, ankylosis and tooth retention have been demon-
strated (67) (Fig. 2.4).

Response to infection

The short-term effect (i.e. months) of chronic inflammation
on primary teeth appears to be negligible (33) (Fig. 2.5),
while the long-term effect appears to be ectopic or acceler-
ated eruption (50).

Enamel and enamel matrix

Mature enamel has the highest mineral content of any tissue
in the body (i.e. 96–98%), whereas enamel matrix is con-

siderably less mineralized. Thus, if maturation is interrupted
due to infection or trauma, enamel hypomineralization will
result. One may see problems clinically with increased caries
or perhaps with difficulties regarding acid-etch restorative
techniques. This problem is further discussed in Chapter 
20.

Response to trauma

Trauma to a primary tooth may cause contusion of the per-
manent enamel matrix (37, 38). The ameloblasts will also be
destroyed, thereby arresting enamel maturation and result-
ing in a permanent hypomineralized enamel defect (see
Chapter 20). In mature enamel, the result of a direct impact
will be enamel infraction, i.e. a split along the enamel 
rods usually ending at the dentino-enamel junction 
(see Chapter 10), or a fracture, whereby part of the crown is
lost.

Response to infection

The response of enamel matrix or enamel to infection has
been discussed earlier.

Hertwig’s epithelial root sheath

Hertwig’s epithelial root sheath (HERS) is a continuous
sleeve of epithelial cells which separates the pulp from the
dental follicle. In all primates it consists of an inner layer of
cuboidal cells and an outer layer of more flattened cells (68).
(Fig. 2.10). Occasionally, there is an intermediate layer of
elongated cells (69).

Fig. 2.8 Changes in the enamel
epithelial compartment related to
enamel matrix production. From REITH
(39) 1970.
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HERS completely encloses the dental papilla except for an
opening in its base, the primary apical foramen, through
which the pulp receives its neurovascular supply. Root for-
mation is determined by the activity of HERS (70–74), and
root growth is dependent upon a continuous proliferation
of epithelium (75, 76). More incisally, dentin and cementum
develop synchronously, ensuring a relatively constant sheath
length throughout root formation up to the final phases of
root development, when the root sheath becomes consider-
ably shorter.

The width of the primary apical foramen as well as the
number of vessels entering it appears to be relatively con-
stant until final root length has been achieved (74). Thus, in
a luxation, replantation or transplantation situation the

chances of revascularization through the primary apical
foramen should theoretically be the same throughout the
early stages of root development, until apical constriction
starts. Such a relationship has in fact been found for luxated
(75, 607) and replanted incisors (76, 608) as well as for auto-
transplanted human premolars (77).

In the following, a closer look will be taken at the role of
HERS in dentin and cementum formation. Odontoblastic dif-
ferentiation takes place adjacent to the basal aspect of HERS,
after which the first dentin matrix is deposited (mantle
dentin). At this time, the innermost layer of cells in the root
sheath secrete a material which combines with the mantle
dentin to form the so-called intermediate cementum layer.
This layer has been found to contain enamel matrix protein
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Fig. 2.9 Late changes after
intrusion in monkey
Low power view of specimen
(A) where the intruded primary
tooth was preserved and the
contralateral side where the
intruded tooth was extracted
(D). Arrows indicate length of
disturbed reduced enamel
epithelium. ×8.

Changes in follicle and
hard tissues
B. Periapical inflammation and
disturbed enamel epithelium
C. Amorphous eosinophilic
substance deposited upon
enamel. E. Area with tempo-
rary arrest of enamel matrix
formation. ×75. F. Metaplastic
reduced enamel epithelium.
From ANDREASEN (37) 1976.
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and later becomes hypercalcified (78–80). The intermediate
cementum layer has recently attracted interest (81). It has
been found to be an effective barrier against the penetration
of noxious elements placed in the root canal to the 
periodontal ligament via the dentinal tubules and pos-
sibly also to toxins produced by bacteria within the root
canal (82).

After odontoblast induction and formation of intermedi-
ate cementum, the root sheath degenerates and the epithe-
lial cells migrate away from the root surface to form the
epithelial rests of Mallassez (Fig. 2.11). At the same time,
cells from the periodontal ligament migrate towards the root
surface and become cementoblasts. These cells then synthe-
size collagen and other organic constituents of cementum.
The role of the epithelial root sheath in the induction of
cementoblasts, however, has recently been questioned (75,
83–85).

Response to trauma

Chronic trauma to the Hertwig’s epithelial root sheath, such
as orthodontic intrusion of immature teeth, often leads to
its fragmentation. In these cases the epithelial fragments dis-
placed into the pulp canal can induce true denticle forma-
tion (i.e. dentin-containing pulp stones) (86–90).

An injury close to the root sheath (e.g. a laceration in the
PDL) may result in temporary hyperactivity of the root
sheath which can initiate rapid production of both dentin
and cementum in the apical area (Fig. 2.12). However, activ-
ity of the root sheath will later return to normal.

Acute trauma to the epithelial root sheath is transmitted
indirectly, for example by the intrusion of a primary tooth,
or directly by forceful displacement of immature permanent
teeth, can damage HERS and lead to partial or complete
arrest of root development (91–94) (Fig. 2.13).

Fig. 2.10 Hertwig’s epithelial root sheath. The root sheath consists of 2
to 3 layers of epithelial cells.

Fig. 2.11 Epithelial island of Mallassez.

A B

Fig. 2.12 Hyperactivity of HERS with excessive production of dentin after replantation of a permanent maxillary lateral incisor. A. ×25. B. ×75. Obser-
vation period: 1 week.
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During replantation, the root sheath may be injured
either during avulsion, during extraoral storage, or by the
repositioning procedure. Following such injury, further root
growth will be partially or totally arrested; and bone and
PDL-derived tissue from the base of the socket may invade
the root canal to form intraradicular bone which is sepa-
rated from the canal wall by an internal periodontal ligament
(95) (Fig. 2.14) (see also Chapters 13 and 17). A similar bony
invasion into the pulp of immature teeth is found when the
epithelial root sheath is resected in situ (96–98), or when the
root sheath is injured chemically, as with devitalization pro-
cedures that employ formaldehyde (99, 100).

Response to infection

Hertwig’s epithelial root sheath is rather resistant to inflam-
mation in connection with partial pulp necrosis. Although
sometimes restricted, root formation has been found to
occur in most cases of partial pulp necrosis irrespective of
whether endodontic therapy has been instituted or not (see
also Chapter 22). This would seem to imply that HERS can
continue to function despite inflammation (96, 101–108). In
this context, there appears to be a critical distance between
the root sheath and pathological changes in the pulp. If that
distance is too short, inflammation will destroy the root
sheath and root formation will be arrested (96) (Fig. 2.15).
The fact that the epithelial root sheath can continue to func-
tion despite inflammation elicited by a partial pulp necrosis
demonstrates that continued root development and apical
closure as such cannot be taken as criteria for pulpal vital-
ity (see Chapter 22).

Teeth with developed roots

Gingival and periosteal complex

The gingiva is usually involved during crown-root and root
fractures, luxation injuries and always during tooth avul-

sion. In addition, the periosteum is always involved during
lateral luxation and alveolar bone fractures. In the follow-
ing, the anatomy and function of the gingiva and perios-
teum will be described, as well as their response to trauma
and infection.

GINGIVA

Gingiva is defined from an anatomic point of view as either
free or attached. The free gingiva comprises the vestibular
and oral gingival tissue as well as the interdental papilla.
Clinically, the apical border of the free gingiva is usually cir-
cumscribed by the free gingival groove (Fig. 2.16).

The attached gingiva is circumscribed coronally by the
free gingival groove and apically by the mucogingival junc-
tion. The attached gingiva is firmly bound to the periosteum
by collagenous fibers and is resistant to elevation.

The alveolar mucosa borders the attached gingiva and is
loosely bound to periosteum, thereby offering minimal
resistance to the formation of a subperiosteal hematoma
which can develop after lateral luxation, alveolar fracture, or
rupture from traction due to an impact parallel to the labial
surface of the mandible or maxilla.

The function of the free gingiva is to seal, maintain and
defend the critical area where the tooth penetrates its con-
nective tissue bed and enters the oral cavity.

The gingival epithelium immediately adjacent to the
tooth and junctional epithelium is designed to seal the peri-
odontium from the oral cavity (Fig. 2.16).

Gingival epithelium displays a specific anatomy, being
narrow and consisting of a few cell layers without rete pegs.
The development of the junctional epithelium is closely
related to tooth eruption. Thus, the junctional epithelium
shows cell division originating in the basal layers, with cells
being ultimately exfoliated into the gingival sulcus. Two
zones can be recognized by transmission electron
microscopy between the superficial cells of the junctional
epithelium and the enamel; namely, the lamina densa and
the lamina lucida, together called the internal basement

A B

Fig. 2.13 Damage to the cervical diaphragm or the HERS subsequent to replantation of permanent lateral monkey incisors. Observation period: 1 week.
A. Displacement of cervical diaphragm. ×25. B. Fragmentation of the root sheath. ×75.
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lamina. Hemidesmosomes are formed by the epithelium
adjacent to the lamina lucida, and these create an interphase
with the enamel analogous to that with the subepithelial
connective tissue (109).

Dental cuticle and sometimes a layer of fibrillar cemen-
tum can be seen interposed between this epithelium and the
enamel. The sulcular epithelium faces the tooth without
being in direct contact with it (Fig. 2.16). This epithelium is

thicker than the junctional epithelium and has abundant
rete pegs.

The fibrillar system of the gingiva is complex, comprising
groups of collagen fibers with different sites of insertion
(110–116) (Fig. 2.16).

The dentinogingival fibers originate in cementum and
insert in the free gingiva. The dentoperiosteal fibers start at
the same site, but insert into the attached gingiva. The

0 d 0 d 9 mo 9 mo

Fig. 2.14 Effect of trauma to HERS
upon root growth. Left: the right per-
manent central incisor in a monkey
was extracted and the HERS was trau-
matized by pressing the apex against
the socket wall before repositioning.
The left central incisor was extracted
and repositioned as a control. Right:
condition 9 months after surgery in a
monkey Root development has
stopped and bone has entered the root
canal in the right central incisor. The
left central incisor shows normal root
development. From ANDREASEN et al.
(96) 1988.
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transseptal fibers extend from cementum in the supra-alve-
olar region and insert into the supra-alveolar cementum of
the adjacent tooth. The circular fibers encircle the tooth in a
ring-like, supra-alveolar course. These fibers are responsible
for the very rapid initial closure of an extraction wound (see
p. 83), as well as the rapid adaptation of the gingiva around
luxated or replanted teeth (see p. 75). Finally, alveologingival

fibers emanate from the top of the alveolar crest and fan out
into the attached gingiva.

The blood supply to the gingiva originates from three
sources: the periodontal ligament, the crestal bone and the
supraperiosteal blood vessels (see p. 78). This ensures sur-
vival of the marginal gingiva even after severe laceration or
contusion (see Chapter 21).

A B

Fig. 2.15 Critical distance between pulp necrosis and survival of HERS. A. The permanent central maxillary incisor was autotransplanted to the con-
tralateral side in a monkey 1 week previously. ×25. B. Pulp necrosis extending to the apex mesially whereas the pulp necrosis zone is 1mm short of the
distal aspect of the apex. The HERS has survived and some root formation has occurred. ×75. From ANDREASEN et al. (96) 1988.

Fig. 2.16 Anatomy of the gingiva and
periosteal complex. 1 Sharpey’s fibers,
2 dentoperiosteal fibers, 3 alveolo-
gingival fibers, 4 dentogingival fibers,
5 junctional epithelium, 6 gingival
epithelium, 7 sulcular epithelium, 8
periosteogingival fibers, 9 intergingival
fibers, 10 circular fibers.
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PERIOSTEUM

The alveolar periosteum covers the alveolar process. In
young individuals, at the time of active bone growth, it con-
sists of an inner layer of angular osteoblasts followed by
spindle-shaped precursor cells supported by loosely
arranged collagen fibers (Fig. 2.17). In older individuals,
where growth has ceased, the inner layer consists of flattened
bone lining cells followed by an outer fibrous layer of inac-
tive osteoprogenitor cells which, however, still maintain
their potential for cell division (117–119) (Fig. 2.17).

The periosteum serves an important function in apposi-
tional growth, remodelling and bone repair after injury. Fur-
thermore, it anchors muscles and carries blood vessels,
lymphatic vessels and nerves.

Response to trauma

The gingival attachment is often torn during luxation
injuries and always during avulsions. In an experimental
replantation study in monkeys, the junctional epithelium
showed increased autoradiographic labelling of cells as early
as after 1 day, and reached a peak after 3 days. After 7 days,
a new junctional epithelium was formed (120). In the con-
nective tissue, the ruptured gingival and transseptal collagen
fibers were united in the majority of cases after 1 week
(121–123).

The response of periosteum to trauma is not very well
described. Displacement of the attached gingiva or the alve-
olar mucosa involves injury to the periosteum and the
underlying bone (124–161). Thus, the surface of bone is
affected in several ways. Firstly, the cortical bone plate loses
an important part of its vascular supply. Secondly, the cel-
lular cover of bone provided by the innermost layer of
periosteum is partially or totally removed. These two events
invite an initial resorption of the bony surface which,
however, is then followed by bony deposition to repair the
initial loss.

In addition to bone loss due to displacement of gingiva
or alveolar mucosa, bone may also be lost directly due to

trauma. In such cases, an important factor related to healing
is the osteogenic potential of the periosteum, which is
strongly influenced by age (152–154). Thus, when a
periosteal flap is raised in adult animals, the osteogenic layer
is usually disrupted and periosteal osteogenesis can only take
place from the periphery of the wound where progenitor
cells have not been disturbed (155–158), implying that bony
repair will be limited and fibrous scar tissue will often form
in its place (162, 163).

Conversely, in young animals, cells in the cambium layer
of elevated flaps exhibit osteogenic potential and the bone
contour is often fully repaired. In humans, surgical removal
of large portions of the mandible, but with intentional
preservation of the periosteum, has been seen to result in
extensive new bone formation (160, 161).

Response to infection

The general response of gingiva to infection has been the
subject of numerous studies related to plaque-induced gin-
givitis and is beyond the scope of this text. The significance
of infection will be discussed only as it relates to the gingi-
val attachment after traumatic or surgical injury. In
monkeys, it has been shown that incisional wounds from the
gingival sulcus to the alveolar crest lead to epithelial growth
through most of the supracrestal area when gingival inflam-
mation was induced (164).

The role of bacteria in gingival healing after surgical injury
has been assessed only indirectly through the effect of antibi-
otic therapy. The use of antibiotics (tetracycline) in rats after
injuries to pulpal, gingival and root tissues was shown to
promote gingival and periodontal reattachment (165–167).
In humans, it was demonstrated that the administration of
erythromycin for 4 days after gingivectomy led to completed
epithelialization after 1 week, in contrast to only two-thirds
of the specimens when no antibiotic coverage was given
(167). In conclusion, there is some evidence that bacteria-
induced gingival inflammation has a negative influence
upon wound healing after trauma and surgical injury.

A B

Fig. 2.17 Differences in periosteum related to age. A. Cellular alveolar periosteum in a young monkey (root development of permanent incisors incom-
plete). O = osteoblasts, P = precursor cells, F = fibroblasts. ×75. B. Periosteum in an old monkey. Note the difference in the configuration of periosteum.
×75.
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If an odontogenic infection spreads from bone marrow to
the periosteal layer and an abscess is formed between perios-
teum and cortical bone, the blood supply to the immediately
underlying cortical bone can be compromised. The cortical
bone can then undergo ischemic necrosis, resulting in an
undermining resorption (168).

Periodontal ligament-cementum complex

The anatomical border for the PDL is the most cervically
located of the principal fibers (Sharpey’s fibers) that insert
into both cementum and alveolar bone (Fig. 2.18). In this
context, only the anatomy and function of the more impor-
tant cellular and fibrillar structures of the periodontal liga-
ment will be considered.

CEMENTOBLASTS

Cementoblasts are spindle or polyhedral shaped cells whose
long axes are usually oriented parallel to the root surface. The
cytoplasm is basophilic and the nuclei are round or ovoid
(Fig. 2.18). These cells are said to be active or resting accord-
ing to the relative amount of cytoplasm. Resting cells contain
less cytoplasm than active cementoblasts (169). Cemento-
blasts produce the organic matrix of cementum (i.e. intrin-
sic collagen fibers and ground substance), while the extrinsic
fibers (i.e. Sharpey’s fibers) are formed by fibroblasts from
the PDL (170). If the cementoblast becomes incorporated
into the mineralizing front, cellular cementum is formed.
The deposition of cementum appears to occur rhythmically
throughout life, at a speed of approximately 3µm per year
(171). Periods of activity alternate with periods of quies-
cence, thereby giving rise to incremental lines (172).

PERIODONTAL FIBROBLASTS

These cells are spindle-shaped, with several points of contact
with adjacent cells. The nuclei are oval, containing one or
more prominent nucleoli (Fig. 2.18). In sections parallel to
Sharpey’s fibers, fibroblasts appear as spindle-shaped cells
with only occasional contact with other fibroblasts (Fig.
2.18). In transverse sections, however, they are seen as stel-
late cells whose processes envelope the principal periodon-
tal fiber bundles and connect with many other fibroblasts to
form a cellular network (173). This intricate relationship
between fibroblasts and Sharpey’s fibers after injury may be
important in the rapid degradation or reformation of
Sharpey’s fibers (175, 176). Anatomical (174) and in vitro
studies (173) suggest that different fibroblast populations
exist in the PDL (174).

Fibroblasts are responsible for the formation, mainte-
nance and remodelling of PDL fibers and their associated
ground substance. By using tritiated thymidine labelling, it
has been found that fibroblasts comprise a very active cell
renewal system. In mice, for example, a cell turnover rate of
30% was seen when continuous labelling was used over a
period of 25 days (178, 179). Furthermore, cell renewal took
place as a clonal paravascular proliferation of cells. Together

with programmed cell death (apoptosis) in the PDL, a steady
state was created in the cellular content of the periodontal
ligament (179–181).

As already stated, an important function of fibroblasts in
the PDL is the maintenance of periodontal fibers. This func-
tion is manifested by very rapid collagen synthesis and degra-
dation (turnover) (182–186), occurring primarily in the
middle zone of the PDL (187). Thus, it has been shown that
the half-life of collagen in the PDL of rats is about 6–9 days
(188, 189). Moreover, collagen turnover is considerably more
rapid in PDL collagen than in that of gingiva, pulp or other
connective tissues in the body (190, 191). This very rapid
turnover in the PDL is in agreement with findings from
studies in PDL wound healing, where very rapid healing of
the periodontium has been demonstrated after surgical
injury (see p. 79).

Finally, for the sake of completeness, it should be men-
tioned that periodontal fibroblasts are also responsible for
synthesis and maintenance of other fibers, such as elastin
and oxytalan.

OSTEOBLASTS

The osteoblast is slightly larger than the cementoblast and
has a circular or ovoid nucleus which is usually located
eccentrically. The cytoplasm is abundant and very basophilic
during osteogenesis (Fig. 2.18). Like the cementoblast, the
osteoblast is found in an active or resting form, as revealed
by less cytoplasm in the latter form.

EPITHELIAL RESTS OF MALLASSEZ

A network of epithelial cells is found in the PDL positioned
close to the root surface (Fig. 2.18). These cells originate
from the successive breakdown of the Hertwig’s epithelial
root sheath during root formation (see p. 69).

These epithelial cells have been proposed as playing a role
in the homeostasis of the PDL (193–195, 659). However,
other studies do not support this theory (196–200). On the
other hand, these cells represent an important part of the
defense system of the PDL against invading bacteria from
the root canal. Bacterial invasion of both the main and
lateral canals leads to proliferation and adherence of the
epithelial cells to the root canal openings at the PDL to form
an epithelial barrier against the invaders (201).

PERIODONTAL LIGAMENT FIBERS

The vast majority of collagen fibers in the PDL are arranged
in bundles, the so-called principal fibers (Sharpey’s fibers)
(Fig. 2.18). These fibers are embedded in both cementum
and bone. In their course from cementum to alveolar bone,
they are often wavy at their midpoint, giving the impression
of an intermediate plexus, with interdigitation of fibers.
However, recent scanning electron microscopic studies seem
to indicate that the majority of the principal fibers span the
entire PDL space, although they usually branch and join
adjacent fibers to create a ladder-like architecture in the PDL
(202–216) (Fig. 2.18). The principal fibers extending from
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CEMENTOBLAST MALLASSEZ FIBROBLAST OSTEOBLAST

OSTEOCLAST

Fig. 2.18 Anatomy of the periodontal ligament. Sharpey’s fibers, cementoblast, Mallassez epithelial island, fibroblast, osteoblast, osteoclast.
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cementum to bone can be classified according to their direc-
tion and location into horizontal, oblique and apical fibers.
In the gingiva, the supra-alveolar (gingival) fibers can be
classified into dentogingival fibers, dentoperiosteal fibers,
interdental fibers and circular fibers (Fig. 2.16) (see p. 74).

The main function of the PDL is to support the tooth in
its alveolus during function. Whenever functional demands
are changed, corresponding adjustments take place in the
architecture of the PDL, such that the orientation, amount
and insertion pattern of the principal fibers are altered.

PERIODONTAL VASCULATURE

The blood supply to the PDL at the midportion of the root
appears to arise from branches of the superior or inferior
alveolar arteries. Before these arteries enter the apical
foramen, they give off branches to the interdental bone. On
their way to the alveolar crest, they give off multiple branches
which perforate the socket wall and form a plexus which sur-
rounds the root surface (217–222). This plexus is located in
the interstitial spaces between Sharpey’s fibers. In primates,
the majority of these vessels are located close to the bone
surface (221). Apically, the blood supply to the PDL origi-
nates from branches of the dental arteries which are released
as they cross the PDL and enter the pulp. Cervically, however,
anastomoses are formed with gingival vessels (Fig. 2.19).

The blood supply to the gingiva appears to arise prima-
rily from the supraperiosteal blood vessels, which anasto-
mose in the gingiva with vessels from the PDL and branches
of the interdental arteries and which perforate the crestal
bone margin or the labial or lingual bone plate.

PERIODONTAL INNERVATION

The PDL has receptors for pain, touch, pressure and propri-
oception, which all belong to the somatic nervous system.
Autonomic nerves are also present, which innervate the
blood vessels. In general, periodontal innervation follows the
same pathways as the blood supply. In a recent experimental
study it has also been found that sensory fibers promote root
resorption after pulpo-periodontal injury (223).

HOMEOSTATIC MECHANISM OF PDL

PDL appears to exist throughout life with minimal varia-
tions in width (224, 225). This dimension is primarily con-
trolled by age and function, but it is also affected by
pathology (226) (see Chapter 5).

The homeostasis against resorption in the periodontal
ligament space (and the pulp) has always been an enigma.
Previously, it has been hypothesized that the periodontal
(227, 228, 255) and pulpal cells (229, 230) act as a barrier
that prevents resorption of the roots by inhibiting the
resorbing cells from gaining access to cementum and dentin
(224, 229, 231–235).

Apparently, these cells on the root surfaces normally give
protection against an osteogenic cell invasion. New molec-
ular signals have recently been identified in various cell types
(229, 230) such as periodontal ligament cells (PDL-cells),
odontoblasts, osteoblasts, and cementoblasts (227), which
may explain the homeostasis phenomenon.

Different cell types, including preosteoblasts, express
active signal molecules in a membrane bound (RANKL) and
a soluble (sRANKL) form. The RANKL (receptor activator
of NFkappa-B-ligand) molecules are ligands with the capac-
ity to activate mononuclear osteclast progenitor cells with
receptor (RANK) attached to their surface. If these two mol-
ecules – the ligand and the receptor – meet, the osteoclast
progenitor cells become differentiated and merge with other
progenitor cells to form osteoclasts (236–241), which poten-
tially may attack the root surface or the root canal.

A third molecule called osteoprotegerin (OPG) is a
soluble molecule, i.e. a decoy receptor. The OPG is able to
bind and cover both the RANKL molecules on adjacent cells
and the soluble sRANKL, and OPG is thereby able to give
protection to the root surface (236, 241) (Fig. 2.20).

When the OPG/RANK/RANKL signaling pathway is in
action it is able to both protect against or activate osteo-
clastic activity, and recent studies suggest this as a possible
explanation for the protective action of the hard tissue cov-
ering cells, i.e. odontoblasts, cementoblasts, and PDL-cells
(Fig. 2.21). Furthermore, the OPG/RANKL ratio level can be
upregulated or downregulated by growth factors, hormones

A B

Fig. 2.19 Vascular supply to the periodontium. A. Vascular supply to the PDL in a longitudinally sectioned permanent maxillary central incisor in a
monkey shown by indian ink perfusion. ×10. B. The interdental arteries give off multiple branches to the midportion of the PDL. ×100.
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and inflammatory factors (e.g. interleukins) which may
explain a number of resorption phenomena such as osteo-
porosis and inflammatory root or bone resorption (238)
(see Chapters 3 and 5).

The experience on periodontal homeostasis is supported
with this new molecular evidence. The new knowledge
about the OPG/RANK/RANKL system appear to explain
central aspects of tooth eruption and shedding of primary
teeth (241–244), progression of ankylosis (245–249), ortho-
dontic tooth movement (250–253), periodontitis, peri-
implantitis and rheumatoid arthritis (253, 254).

Thus the molecules RANKL/OPG have been found
involved in physiologic primary tooth resorption (240) and
in the follicles of erupting teeth (243, 244), and primary
tooth shedding appears to be regulated by the RANKL/OPG
signaling system (241).

In conclusion the observations on the OPG/RANK/
RANKL system in the PDL seem to agree and support 
the previous hypothesis that the PDL cells act as a barrier
that prevents resorption of the roots by inhibiting the
resorbing cells (617). For a further discussion of the
OPG/RANK/RANKL system the reader is referred to
Chapter 3.

Response to trauma

Following a severe dental injury (e.g. lateral luxation or
intrusion) the PDL must respond to a variety of insults.
These can include temporary compressive, tensile or shear-
ing stresses, which result in hemorrhage and edema, rupture
or contusion of the PDL. Each of these injuries can induce
varying wound-healing signals.

The cellular kinetics of healing in the PDL associated with
a surgical wound have been examined using tritiated thymi-
dine labelling of proliferating cells. Thus, in mice, paravas-
cular cells were labelled within 100 µm of the margin of the
injured PDL. Some of these cells moved into the injury zone
3–5 days after injury and divided (256). It would appear that
in the PDL there is a population of paravascular stem cells
which exhibits a high nuclear/cytoplasmic ratio and which

remains stable throughout wound healing, but provides a
front of new cells that migrate towards the wound and then
divide (256–259) (Fig. 2.22). The identity of these progeni-
tor cells is only partially known at present (260–262). It is
possible that progenitor cells placed in the middle of the
PDL supply the fibroblast population (256, 259), while pro-
genitor cells close to the alveolar bone develop into
osteoblasts (256–259, 263, 264). Cementoblasts precursors
have not yet been identified; however, there is some indica-
tion that the progenitors for this cell population are located
away from blood vessels (259, 264) (see Chapter 3).

Bleeding and edema
Very little is known about healing events after bleeding or
edema in the PDL subsequent to minor trauma (e.g. con-
cussion or subluxation). However, in a clinical luxation
study, a higher frequency of surface resorption was seen fol-
lowing concussion injury than after subluxation (265), sug-
gesting that pressure from bleeding into the PDL after a mild
injury might elicit minor areas of damage to the root
surface. In the case of subluxations, where the impact is great
enough to cause tooth loosening, this pressure can be
relieved; however when no loosening results (i.e. concus-
sion), pressure will be reflected in subsequent surface
resorption.

Rupture of the PDL
There has been little investigation into the healing of a rup-
tured PDL. The few available studies are either of extrusive
luxation (263, 266–268) or of extraction and subsequent
replantation (120–122, 192, 269).

In monkeys, it appears that rupture of the fibers after
extrusion or extraction usually occurs midway between the
alveolar bone and the root surface. However, rupture can
also be seen close to either the alveolar wall or the root
surface. After 4 days the cervical and apical part of the PDL
appears revascularized (270). After 1 week, the split in the
periodontal ligament is occupied by proliferating fibroblasts
and blood vessels. In isolated areas, union of the principal
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Fig. 2.20 RANK, RANKL and OPG system monitoring osteoclast activity.

Fig. 2.21 Intraradicular root surface of rat molar where migration of
osteoclasts is arrested in the periodontal ligament.
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fibers has already taken place (Fig. 2.22). After 2 weeks, a
substantial number of principal fibers have healed. At that
time, the mechanical properties of the injured PDL are
about 50–60% of that of an uninjured PDL (266). With
longer observation periods, an increased number of healed
principal fibers can be seen. After 8 weeks, the injured PDL
cannot be distinguished histologically from an uninjured
control (266). If the alveolar bone is lost and there is an
intact PDL covering the root, animal experiments have
shown that the PDL will induce new bone (271, 272). In
autotransplantation of teeth in humans the same phenom-
enon has been noted (see Chapter 27).

Contusion injuries of the PDL
During intrusion, lateral luxation or avulsion with subse-
quent replantation, contusion of the PDL is a common
occurrence (197). Wound healing is subsequently initiated
when damaged tissue is removed by macrophage or osteo-
clast activity. During these events, not only are necrotic PDL
tissue remnants removed, but sometimes also bone and
cementum (273). The latter can lead to either surface or
inflammatory resorption (repair- or infection-related
resorption), depending upon the age of the patient, the stage
of root development and pulp status (Figs 2.23 and 2.24)
(224, 274). When large areas of the PDL are traumatized,
competitive wound healing processes begin between bone
marrow-derived stem cells destined to form bone and PDL-
derived cells which are programmed to form PDL fibers and
cementum (224, 274, 275) resulting in replacement resorp-
tion (ankylosis resorption) (Fig. 2.25).

Response to infection

Progression of gingival infection or spread of infection from
the root canal through the apical foramen, accessory canals
or dentinal tubules are the most common routes of infec-
tion of the PDL. Accordingly, the following discussion will
emphasize PDL reactions due to infection in the root canal,
based on several studies in humans and animals (278–285).

Cellular kinetics of the PDL due to pulpal infection have
been examined in rats using tritiated thymidine. It was
shown that after 1 hour there was increased labelling of
fibroblasts, osteoblasts and cementoblasts which reached a
peak after 2 to 3 days. The increase in cellular activity con-
tinued in osteoblasts and fibroblasts for 30 days (the end of
the experiment) while the cementoblast layer returned to its
normal level after 25 days (276, 277).

Moderate or intense periapical inflammation has been
found to lead to a breakdown of PDL fibers and resorption
of the root apex and bone, resulting in an expansion of the
PDL space or a periapical rarefaction (226–233) (Fig. 2.24).
This resorption response has been found to be related to the
presence of bacteria and their toxins in the root canal
(286–295). This is supported by experiments in germ-free or
conventional rats (617). The stimulus for osteoclastic activ-
ity affecting the root surface and alveolar bone appears to be
a combination of a direct influence of bacteria and their
toxins and an indirect influence on the osteoclast in response
to inflammatory changes (224, 274, 296, 297) (Fig. 2.26). The
cell population in the PDL, however, appears to be rather
resistant to infection in the sense that, when infection has
been eliminated, the PDL usually returns to normal. This
phenomenon has been found in the marginal periodontium
(298, 299), in the apical periodontium (300, 301) and in sit-
uations involving the entire PDL, such as after osteomyelitis
(302). However, if the infection is not completely eradicated,
chronic inflammation will develop and allow only minimal
cementum and PDL repair (277, 303).

PDL healing after initial root resorption or surgical injury
to the root surface is influenced by a number of factors
including age, size of lesion, functional stimuli, but usually
leads to healing with new formation of cementum and new
inserting fibres (304). The process of healing is under
control of a series of extracellular matrix, glycoproteins,
growth factors and cytochines in a very complex process (for
a survey see Amar 1996 (305)).

The presence of bacteria in the root canal and dentinal
tubules has been shown experimentally to interfere with the

A B

Fig. 2.22 Healing of ruptured PDL. A. Healing of the periodontal ligament after replantation of a permanent monkey incisor. The monkey was perfused
with India ink at sacrifice 1 week after replantation. ×25. B. The PDL is very cellular and has lost its typical parallel arrangement of the fibroblasts. In a
few places Sharpey’s fibers appear united. ×100.
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expected normal healing process with new deposition of
cementum and reformation of PDL fibres. Instead a chronic
inflammation occurs with osteoclastic activity and cemen-
tum repair becomes restricted (306, 307). The presence of

an intact cementum layer apparently prevents toxins and
bacteria from interfering with healing.

With regard to periodontal apical healing, after endo-
dontic treatment of an infected root canal a large study in

Fig. 2.23 Pathogenesis of surface resorption (repair-related resorption): healing with minor injury to the periodontal ligament. The injury site is resorbed
by macrophages and osteoclasts. The osteoclasts have exposed factors and other soluble molecules in dentin such as IGF-1, TGF-β, PDGF, BMPs, FGF-2
and A4 (amelogenin gene splice products). These molecules may serve as stimulators for cementoblasts (489). Subsequent repair takes place by the for-
mation of new cementum and Sharpey’s fibers.

Fig. 2.24 Pathogenesis of inflammatory resorption (infection-related resorption): healing with moderate or extensive injury to the periodontal ligament
and associated infection in the pulp and/or dentinal tubules. The initial injury to the root surface triggers a macrophage and osteoclast attack on the
root surface. Osteoclasts have exposed toxins from bacteria located in the root canal and dentinal tubules such as LPS (lipopolysaccharide), MDP (muramyl
dipeptide) and LTA (lipoteichoic acid). These toxins serve as direct activators for osteoclastic activity. The resorption process is accelerated and granula-
tion tissue ultimately invades the root canal.

Fig. 2.25 Pathogenesis of replacement resorption (ankylosis-related resorption): healing after extensive injury to the periodontal ligament. The osteo-
clasts have exposed factors and other soluble molecules in dentin such as IGF-1, TGF-β, PDGF, BMPs, FGF-2 and A4 (amelogenin gene splice products).
These molecules may serve as stimulators for osteoclasts and/or bone formation (532). Ankylosis is formed because healing occurs almost exclusively by
cells from the alveolar wall.
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monkeys has shown that presence of bacteria in the canal
after root filling results in significantly lower healing fre-
quency (21% versus 72%) (618).

Alveolar bone and marrow complex

The alveolar process may be defined as the tooth-support-
ing region of the mandible or maxilla (Fig. 2.27). It is made
up of three components: (1) the alveolar bone proper, con-
sisting of a thin plate of bone which provides attachment for
either the dental follicle or the principal fibers of the PDL
(308), (2) the cortical bone plates which form the outer and
inner plates of the alveolar process, and (3) the cancellous
bone and bone marrow which occupy the area between the
cortical bone plates and the alveolar bone proper.

The alveolar bone proper consists of a thin, perforated
bone plate which appears radiographically as a radiopaque
lining around the radiolucent PDL space (i.e. lamina dura).
The perforations in the socket wall function as gateways for
vascular channels that supply the periodontal ligament
(309) (see p. 83).

The cortical bone plates form the lateral borders of the
alveolar process and are usually much thinner in the maxilla
than in the mandible. In the incisor and canine regions,
there is usually no cancellous bone or bone marrow to sep-

arate the lamina dura from the cortical plates, and this
results in a fusion of these structures. For this reason, lateral
luxation of maxillary incisors produces a combined fracture
of the lamina dura and the cortical bone plate.

The cancellous bone consists of thin bone trabeculae
which encircle the bone marrow. These trabeculae are lined
with a delicate layer of connective tissue cells, the endos-
teum. The bone marrow consists of a reticulate tissue in
which cells representing different stages of hematogenesis
occupy the mesh (red bone marrow). If the hematopoietic
cells disappear, the reticulate tissue is replaced either by
adipose tissue (yellow bone marrow) or, as in some areas in
the alveolar process, by fibrous tissue (fibrous bone marrow)
(310). The exact topographical distribution of the various
types of bone marrow in humans has not yet been 
documented.

As previously mentioned, the primary function of the
alveolar process is to protect and support the dentition. More
specifically, the alveolar bone proper protects the develop-
ing tooth and later provides an anchorage for the fibers of
the PDL (311). Apart from its hemopoietic function, the
bone marrow plays an important role in osteogenesis. Thus,
the stromal cells of the bone marrow stroma can manifest
osteogenic activity when stimulated by trauma (312). Fur-
thermore, bone marrow plays an important role in the
defense against infection (295).

Fig. 2.26 Periapical inflammation and apical root resorption subsequent to pulp necrosis in a replanted permanent monkey incisor. ×10 and ×100.
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Response to trauma

The most common traumatic injury to the alveolar bone
complex is the extraction/avulsion or luxation wound with
displacement. Furthermore, the bone becomes involved
after alveolar and bone fractures (see Chapter 18).

Extensive studies have been conducted regarding socket
healing after extraction whereas none has yet been per-
formed relating to tooth luxation. The following is a synop-
sis of what is presently known about human extraction
wounds.

Histologic evidence of socket healing
The following overlapping stages have been found histolog-
ically, based on biopsies from healing of normal extraction
wounds in human patients (313–326).

Stage I. A coagulum is formed once hemostasis has been
established. It consists of erythrocytes and leukocytes, in the
same ratio as in circulating blood, entrapped in a mesh of
precipitated fibrin.

Stage II. Granulation tissue is formed along the socket
walls 2–3 days postoperatively and is characterized by pro-
liferating endothelial cells, capillaries and many leukocytes.
PDL ligament fibroblast appears to immigrate into the coag-
ulum and differentiate into osteoblasts (327). Within 7 days,
granulation tissue has usually replaced the coagulum.

Stage III. Connective tissue formation begins peripherally
and, within 20 days postoperatively, replaces granulation
tissue. This newly-formed connective tissue comprises cells,
collagen and reticular fibers dispersed in a metachromatic
ground substance.

Stage IV. Bone development begins 7 days postoperatively.
It starts peripherally, at the base of the alveolus. The major
contributors to alveolar healing appear to be cancellous
bone and bone marrow while the remaining PDL apparently

plays an insignificant role (327, 328). By 38 days, the socket
is almost completely occupied by immature bone. Within
2–3 months, this bone is mature and forms trabeculae; after
3–4 months maturation is complete (324).

Stage V. Epithelial repair begins closing the wound 4 days
after extraction and is usually complete after 24 days.

Finally, it should be mentioned that socket healing has
been found to be significantly influenced by the age of the
individual (315, 325). Thus, histological alveolar socket
repair is more active 10 days postoperatively in individuals
in the 2nd decade of life, while the same stage of activity is
seen about 20 days postoperatively in individuals in the 6th
decade or more. However, after 30 days, the healing sequence
levels out and becomes identical in the two age groups 
(325).

Finally, a significant amount of bone remodeling, espe-
cially of the labial bone, will take place in the following
months (329), a phenomenon which has a significant influ-
ence upon timing of implant insertion (see Chapter 28,
p. 764).

Response to infection

The most common situations in which the alveolar bone
becomes involved in infection are during marginal or peri-
apical periodontitis (330, 331). As the most frequent com-
plication after replantation procedures and certain luxation
types is infection of necrotic pulp tissue, emphasis will be
placed on the reaction of the alveolar bone to periapical
infection.

Infected necrotic pulp tissue can elicit chronic or acute
periapical inflammation. Acute inflammation in the form of
a periapical abscess is the response to invasion by virulent
bacteria or immune complexes in the periapex (287, 332).
Histologically, there is an accumulation periapically of

Fig. 2.27 Anatomy of the alveolar bone. Section through the central incisor region in a human jaw. Note the fused alveolar bone proper and cortical
bone plate labially whereas both structures can be recognized palatally. Furthermore, multiple vascular canals perforate the lamina dura.
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polymorphonuclear leukocytes and disintegration of the
PDL. More peripherally, there is intense osteoclastic activity
to remove periapical bone in order to provide space for the
granulation tissue required to combat infection (333).

The result of a low-grade periapical infection is chronic
inflammation in the formation of a periapical granuloma. In
this situation, the bacterial front is either in the root canal
or just outside the apical foramen (334–337). Lymphocytes
appear to be the dominant cells in the immediate periapical
region, accompanied by polymorphonuclear leukocytes,
macrophages and fibroblasts (338–344). This cell popula-
tion is identical to that of the infiltrate found in advanced
marginal periodontitis (331, 345–347). In the capsule sur-
rounding the periapical inflammatory zone, the dominant
cell is the PDL fibroblast. Thus the capsule can be regarded
as an extension of the PDL (344).

The osteoclastic activity responsible for resorption of
periapical bone and subsequent expansion of the develop-
ing granuloma is most likely the result of the combined
action of breakdown products of arachidonic acids (i.e.
prostaglandins, thromboxanes, leukotrines and lipoxines)
from phospholipids of cell membranes from leukocytes,
macrophages and platelets (340, 348–359). Cytokines
released by activated lymphocytes and plasma cells
(352–362) include immunecomplexes released by B lym-
phocytes (349), and bacterial toxins (e.g. lipopolysaccaride
(LPS), muramyl dipeptide (MDP) and, lipoteichoic acid
(LTA) (363–371). These events are described in detail in
Chapter 4.

Periapically, the long-term effect of chronic infection is a
change in the bone marrow from predominantly fatty to
predominantly fibrous (372, 373). An occasional finding is
periapical osteosclerosis, whereby bone marrow is replaced
by thickened spongiosa, resulting in a radiodense area (374,
375). The latter reaction is assumed to be the response to a
low-grade irritant (infection) in the area. Supporting this
hypothesis is the finding that osteosclerotic lesions often 
disappear when proper endodontic therapy is instituted
(376, 377).

In jaw fractures, acute infection in the line of the fracture
has been found to be related to a number of different factors,
which are described in Chapter 18.

Dentin-pulp complex

The functions of the dentin-pulp complex are multiple.
After tooth development is accomplished the pulp-dentin
organ is able to preserve a vital and rigid structure with flex-
ibility which resists the challenge of repeated mechanical
forces. At the same time it maintains an important neural
sensitivity, and it preserves the ability to produce reparative
dentin against noxious stimuli, such as trauma, attrition,
abrasion, the progression of caries, and preparation.

Site-specific changes of pulp-dentin are seen with age.
The number of odontoblasts decreases, leading to uncovered
gaps on the dentin wall. However, continued dentin forma-
tion indirectly causes a tendency of crowding and accumu-

lation of collagen fibers (31). Dentin continues to be laid
down in vital teeth as secondary dentin and tertiary dentin
in response to the physical impacts with a consequent oblit-
eration of the pulp chamber, especially in the crown, and it
proceeds apically.

Dentin

Dentin consists of a mineralized organic matrix dominated
by a collagen lattice skeleton traversed by dentinal tubules.
Dentin contains numerous polypeptides and signalling mol-
ecules placed in a mineralized matrix (378–381). The expo-
sure and release of these factors by a direct trauma to the
tooth (e.g. intrusion or lateral luxation) or a root resorption
process penetrating into dentin may have a potential effect
of influencing the activity of a number of cells (e.g. cemen-
toblasts, periodontal fibroblasts and osteoblasts).

Response to trauma and infection

Any deviation in the composition of the organic structure
of dentin may lead to fracture. Thus, teeth in patients suf-
fering from dentinogenesis imperfecta, with its inherent
defects in the collagen matrix, have a high risk of tooth frac-
ture (382–384). Furthermore, exposure of dentinal tubules
during trauma leads to bacterial invasion with a resultant
permanent or transitory inflammatory reaction in the pulp
(385, 386, 619). Finally, a weakening of the dentin under
physical loads may occur due to early pulpectomy in imma-
ture teeth (387, 388). This may be intensified if inflamma-
tory resorption weakens the root structure, especially in the
cervical region (388).

In an in vitro study using extracted human teeth it has
been found that enamel-dentin cracks induced experimen-
tally allowed bacteria propagation to the pulp cavity (389).
Based on these findings it was suggested to cover the enamel
with unfilled resin in a replantation situation. However,
experimental studies in dogs did not favour this approach
and the chance of pulp revascularization (390).

Pulp

The pulp is a highly specialized loose connective tissue with
a specific response to traumatic injuries, as well as to bacter-
ial insults (Fig. 2.28). The predominant cells in the pulp are
the fibroblasts, which appear as spindle-shaped or stellate
cells with oval nuclei and are dispersed uniformly through-
out the pulp, except in the subodontoblastic layer. Undiffer-
entiated mesenchymal cells are located paravascularly and
can be recognized by their stunted or rounded form and their
few, short processes. These cells probably play an important
role in pulp repair (391) (see p. 86), and they probably
include resident and migrating pericytes (Fig. 2.28, Chapter
3, p. 126).

Odontoblasts are elongated cells subjacent to the dentin.
They have a polarized nucleus and processes which extend
some distance into the dentinal tubules (392, 393) (Fig.
2.28). Their appearance varies from the coronal to the apical
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aspect of the pulp, being columnar coronally and flattened
on the furcal wall and apically. Moreover, their appearance
is also related to their functional stage i.e. preodontoblasts,
secretory, transitional or aged (394). Odontoblasts have
many adhesion molecules, e.g. for attachment, phenotype
specification, gap-junctions used for intercellular commu-
nication between cells (395), and extracellular contacts with
unmyelinated nerve fibres (396).

In the crown, a cell-free layer (i.e. the subodontoblastic
layer or zone of Weil) exists that contains a network of nerve
endings and vessels which, to a lesser degree, is also found
in other parts of the pulp.

The cellular activities of odontoblasts are very complex.
Beyond secretion of the organic matrix of predentin and
control of calcium and phosphate ion transfer (395), the
odontoblast also may release proteinases and degrade
organic matrix. The average production of primary human
dentin appears to be 3µm per day during tooth formation
and eruption (397). When eruption is complete, dentin for-
mation decreases in the pulp chamber. In the root, produc-
tion continues unchanged until root formation is complete,
at which time dentin production is decreased to an extent
that is not measurable over a 3-week period. Dentinogene-
sis, however, can be reactivated by external stimuli, such as
dental caries, attrition and dentin fracture and luxation
injuries. The production of new dentin can then rise to a
level of that of primary dentin (397, 398).

Pulpal vasculature

The vascular supply to the immature human dental pulp
consists of multiple thin-walled arterioles, venules and veins
passing through the apical foramen (399–340). In the
mature tooth, vessels can also enter the tooth through lateral
canals. The arterioles and venules run parallel to the canal
walls up to the pulp horns (Fig. 2.28). En route, they give off
branches to form a dense peripheral capillary plexus in the

subodontoblastic layer. A few loops are also found between
the odontoblasts (399–403) (Fig. 2.29).

Within the pulp, especially apically, there are many arte-
riovenous connections (shunts) which facilitate and regulate
blood flow (404–405). These shunts are important in the
control of tissue pressure. When, during the initial inflam-
matory reaction, several vasoactive agents are released (see
Chapters 1 and 4), these agents cause edema and an increase
in tissue pressure. When this pressure exceeds that of the
venules, a decrease in blood flow results. The arteriovenous
anastomoses in the apical part of the pulp dilate in this sit-
uation and carry the blood away from the injury zone (403).

The number of vessels entering the apical foramen
appears to a certain degree to be related to the maturity of
the tooth. However, the density of the vessels is not in direct
proportion to the constriction of the pulpo-periodontal
interphase (406).

Pulpal nerves

The pulpal nerves generally follow the course of the blood
vessels (Fig. 2.28). The nerve fibers enter the pulp in multi-
ple bundles that contain both mylinated and unmyelinated
axons (407). The majority of the axons (70–80%) are
unmyelinated. Both types terminate as free nerve endings.
These endings are receptors which respond to various exter-
nal stimuli, environmental changes, or inflammatory medi-
ators under inflammatory conditions. They respond e.g. as
nociceptors to mechanical forces and thermal changes (407).
The number of myelinated fibers increases with tooth matu-
rity and, at the same time, the threshold for electrometric
pulp stimulation is lowered (408–411).

The innervation of the pulp–dentin border is extensive. A
dense network of fine nerve filaments, known as the plexus
of Raschkow, is formed close to the odontoblasts. A number
of nerve terminals also enter the odontoblast layer and 
many of them extend into the dentinal tubules. A part of the

A B C

Fig. 2.28 Anatomy of the pulp. A. Horizontal section of a pulp from a maxillary permanent monkey incisor. Root development is complete. Note the
distribution of the larger vessels and nerves. B and C. The odontoblast layer and the subodontoblastic cell free zone. ×40 and ×100.
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axons also terminate in the deeper parts of the pulp, and
they may have a significant role in sympathetic regulation of
blood flow response to trauma, as well as in regulation of
inflammation and repair (412, 413). Unmyelinated sympa-
thetic nerves from the autonomic nervous system are asso-
ciated with vasocontrol, and sympathetic impulses lead to
constriction of arterioles (412).

Tertiary dentin: reactionary or reparative

Extensive physical trauma may result in the formation of
mineralized tissue. There is a strong relationship between
traumas with their lesion environments, and different cor-
responding formations of tertiary dentine. After injury to
the mature tooth, the fate of the odontoblast varies accord-
ing to the intensity of the injury.

Milder injury can result in a stimulation of the involved
odontoblastic cells leading to reactionary dentine formation.
Upregulation of functional activity in primary surviving
odontoblast cells leads to focal secretion of a reactionary
dentin matrix in the dentinal tubules and predentin (414).
Obturation of dentinal tubules are biologic responses that
compensate for the loss of tissue.

Greater injury can lead to odontoblast cell death. Induc-
tion of differentiation of a new generation of odontoblast-
like cells can then lead to reparative dentinogenesis.
Secretion of matrix from a new generation of cells implies a
discontinuity in tubular structure with subsequent reduc-
tion in dentin permeability. The initial repair response often
represents a bonelike tissue, i.e. osteodentin, in the pulp
chamber. The non-specific response leads to deposition of
atubular dentinal matrix covered by cuboidal or polygonal
preodontoblast-like cells, and inclusions of osteocyte-like
cells are observed in a dense mineralizing matrix called
osteodentin. Deep to the pulp injury surviving post-mitotic
odontoblasts respond with deposition of reactionary dentin
along the walls. In such situations we observe a reactionary
dentin matrix with less tubular density than in the primary
dentin. The dentinal tubules in tertiary dentin represent

often a mixture between reactionary and reparative 
dentinogenesis (415).

Response to trauma

Repair after pulp exposure
The pulp-dentin organ must respond to a spectrum of trau-
matic events, such as exposed dentin due to fracture with
subsequent bacterial invasion into the tubules (415). The
pulp can be directly exposed to bacterial contamination
from saliva following a complicated enamel-dentin fracture.
Another, and usually sterile exposure occurs during root
fracture, when the pulp is exposed to the periodontal liga-
ment via the fracture line. Finally, the pulp may become
partly or totally severed and sometimes crushed at the apical
foramen or at the level of a root fracture during luxation
injuries. These different traumatic insults, all of which inter-
fere with the neurovascular supply to the pulp, give rise to
various healing and defense responses ranging from local-
ized or generalized tertiary dentin formation to pulpal
inflammation, internal resorption, and bone metaplasia, as
well as pulp necrosis with and without infection (416).

The general feature of the pulpal wound healing response
is replacement of damaged tissue with newly formed pulp
tissue. This can occur along the pulpo-dentin border if local-
ized damage has been inflicted on the odontoblast layer (e.g.
after dentin exposure), along an amputation zone in the
coronal part of the pulp, or as a replacement of the major
parts of the pulp if it has become necrotic because of
ischemia (e.g. after a luxation injury). A common denomi-
nator of these different events is replacement of pulp tissue
by the invasion of macrophages, new vessels, and pulp pro-
genitor cells in the injury zone, whereby the traumatized
pulp tissue is gradually replaced by new pulp tissue. The
exact nature of this process is only partly understood at
present (416, 417).

The character of the pulpal wound healing response
varies according to the origin of the progenitor cells involved
(also see Chapter 1). Thus, in the case of PDL-derived pro-

A B

Fig. 2.29 A. Vascular pattern in the pulp of a permanent monkey incisor as revealed by indian ink perfusion. B. Note the dense network of capillaries
next to the odontoblastic layer. ×100.
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genitor cells, PDL tissue will be formed with associated
cementum deposition along the root canal walls. Moreover,
if there is a patent apical foramen, periodontal stem cell pro-
genitors may invade the root canal accompanied by bone
formation and inserting Sharpey’s fibers.

It has been found that if an accidental exposure of the
pulp is left untreated, even over a period of 1 week, inflam-
mation is superficial and limited to a depth of 2 mm. It can
be seen at that time that the pulp tissue has proliferated
through the exposure site (418, 419) (see also Chapter 22,
p. 600). In cases where the entrance to the exposure site is
covered with a suitable capping material (i.e. which limits or
prevents bacterial contamination), a hard tissue barrier is
normally established (420, 421). The cells responsible for the
formation of this dentin bridge are apparently not odonto-
blasts, but most probably include mesenchymal cells located
paravascularly that subsequently differentiate into odonto-
blasts (392, 422–426). This has been shown very convinc-
ingly in a study where the odontoblast population was
eliminated in rats by colchicine administration. After 3–5
days, revascularization and cell proliferation into the
necrotic cell layer adjacent to the predentin were observed.
New odontoblasts seemed to develop from paravascular cells
and, after initial formation of a non-mineralized collage-
nous matrix, tubular dentin was formed (427).

The wound healing response to pulp capping has recently
been discussed in several survey articles (429–430). The
ability to form a hard tissue bridge has been found to take
place with a wide range of materials (428).

In the stimulation for a hard tissue bridge the formation
of a necrosis and degenerative zone by the capping material
appears to of importance (431–434). It has been speculated
that this zone may mimic a basement membrane and serve
as an attachment surface for components that induce odon-
toblasts and extracellular matrix production (e.g.
fibronectin and TGF-β1) (428, 435, 436).

Pulp healing after coronal exposure 
and capping

The events taking place after pulp wounding can be divided
into the phases of hemostasis, inflammation, proliferation,
and remodeling. Wound healing is, however, a continuous
process where the beginning and the end of each phase
cannot be clearly determined and phases overlap (440). The
observed sequence of initial pulp reactions is that which is
expected when connective tissue is wounded.

Fibrinogen exudation takes place under the capping
material in the pulp tissue for up to 4 days (441). After
approximately 3–6 days the inflammatory infiltration is
replaced by a migration of granulation tissue originating
from central pulp sites. The granulation tissue is arranged
along the wound surface and consists primarily of newly-
formed fibroblasts and capillary blood vessels which prolif-
erate and grow into the damaged tissue. Layers of fibroblasts
increase in thickness around the lesion. Synthesis of new col-
lagen fibres along the tissue necrosis is detected from 4 days
after application of pure calcium hydroxide. Cells sur-

rounded by new matrix including calcifying nodules are
found after 7 days (442). The initial precipitation of miner-
als is associated with detection of matrix vesicles indicating
close similarity to mineralization in bone (443). The miner-
als are found to originate from the blood supply (444). After
11 days the new matrix is associated with cuboidal cells, and
some cells with odontoblast-like differentiation. After 14
days a clear odontoblast-like arrangement is observed (445).
After one month dentin bridges can be seen around the
trauma, which represents a defensive interface between the
potential necrotic remnants and the new odontoblast layer
(446). Microscopic evaluation, however, revealed 89% of all
dentin bridges contained tunnel defects (447).

The pulp healing response replaces injured tissue with
newly formed tissue. This can occur along the pulp-dentin
border if localized damage has been inflicted on the odon-
toblast layer (e.g. after dentin exposure), along the wound
surface in the coronal part of the pulp, or as a replacement
of the major parts of the pulp if it has become necrotic
because of ischemia (e.g. after a luxation injury) (416) 
(see p. 90).

Biologic effects of calcium hydroxide

Calcium hydroxide containing agents have been widely used
for vital pulp capping (442, 448, 449) and the wound healing
response to pulp capping has recently been described in
several survey articles (428–430).

The effect of calcium hydroxide materials on exposed
connective pulp tissue has for decades been studied in exper-
imental animals (450–453) as well as in man (442, 454–456).
As experimental animals, the rat has been commonly used
(453, 457–462), but also dogs (458, 459, 463, 464), pigs (452,
458) and primates (450, 451, 457) have been used. In com-
parative studies the conclusion has been that there is no sig-
nificant differences in the reparative pulp response to
calcium hydroxide between the different animal models
(458–460). The ability to form hard tissue has been found
to take place with a wide range of materials (428) irrespec-
tive of their pH (431).

The strong alkaline pH of Ca(OH)2 contributes to its
action. In the stimulation for a hard tissue bridge the for-
mation of a necrosis and degenerative zone by the capping
material appears to be of importance (432–434). Pulp
capping using calcium hydroxide induces also apoptosis in
the underlying pulp. Apoptosis is a non-inflammatory con-
trolled cell death mechanism whereas necrosis induces a
pro-inflammatory response (466, 467). The balance of
apoptosis and necrosis after pulp capping, therefore, may
influence the subsequent inflammatory response.

The high pH of calcium hydroxide appears to cause local
necrosis of the pulp tissue. Ca(OH)2 may thereby due to its
pH effect prevent bacterial infection, and provide a bacteri-
cidal environment in which subsequent repair can occur. A
few hours after application of calcium hydroxide on exposed
pulp tissue an initial necrosis is created and inflammatory
cells migrate towards the lesions and the inflammation lasts
for a few days (468).
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The signaling processes responsible for Ca(OH)2-induced
odontoblast-like cell differentiation remains to be clarified
(468). It has been suggested that Ca(OH)2 is able to solubi-
lize bioactive molecules with appropriate signaling func-
tions from the dentin matrix (469).

Much speculation has been made concerning identifica-
tion of factors of importance for a successful outcome of
calcium hydroxide treatment of pulp tissue (470). Efforts
have been made to find a formula which minimizes the pro-
inflammatory actions, and at the same time stimulate dentin
bridge formation (468, 471, 472).

Apparently, the rather abnormal appearance of the initial
matrix of the dentin bridge, which is usually of the osteo-
dentin type, is followed with formation of tubular dentin.
During later bridge formation, the matrix structure 
often becomes more regular, resembling true tubular 
orthodentin (68).

It has been claimed that the size of the defect, the degree
of inflammatory reaction, the control of bleeding following
surgical treatment, the amount of clotting, the amount of
dentinal chips formed during preparation, the degree of
immediate contact between tissue and agent, as well as the
formulation of the calcium hydroxide material may play a
key role (447, 472–474). Within the last decades several new
capping materials have been introduced.

Biologic effects of new pulp capping or
pulpotomy materials

Calcium hydroxide compounds have throughout the years
been the golden standard of a capping material but several
other materials have also been suggested (437).

Resin adhesive materials used for pulp capping have had
supporters based on experiments (439, 475, 482). The aim
of using adhesive materials has been to minimize microleak-
age and thereby stimulate bridging. Recently criticism has
been raised concerning their use, based on an analysis of
human teeth treated with various resin adhesive systems
showing poor results (438, 477, 478) (Fig. 2.30). Studies in
vitro suggest components of the resin may inhibit odonto-
blast differentiation (614).

MTA® (mineral trioxide aggregate) has recently been
shown in animal experiments to be a pulp capping material
which consistently produces a hard tissue barrier (480, 481).
The composition of MTA® is very similar to Portland
cement and as such the material sets in a moist environment.
During the setting reaction calcium hydroxide ions are
released and a high alkalinity is present in the exposed area.
Histological studies in animals have shown high sealing
ability and hard tissue inducing capacity (482–486). MTA®
used as a capping material was found to result in signifi-
cantly less inflammation than calcium hydroxide (Dycal®).
This material has furthermore been recommended for
repair of root perforations and as a retrofill material
(487–488). At present, MTA® appears to be a promising can-
didate as an alternative to calcium hydroxide. The clinical
use of this material is described in Chapter 23.

Dentin contains numerous polypeptides and signaling
molecules which may be released following a trauma.
Among the growth factors isolated the following should be
mentioned: IGF, TGF, PDGF and FGF, EGF and BMP (489).
This is of importance as all of these substances have also
been found to be involved in bone and PDL healing
processes in animals (see Chapter 1).

Bioactive substances appear to represent a new way to
stimulate formation of dentin bridges (489–497). Tissue
injury leads to alterations in gene expression and release of
a range of cytokines including growth factors. Cytokines
play a determinant role in regulation of cell proliferation,
migration and differentiation during pulp healing. In par-
ticular, members of the transforming growth factor beta
(TGF-β) family have been implicated in dentin matrix for-
mation (489–500). Nearly half of the TGF-β1 in dentin
matrix has been reported to be present in active form (506).
However, TGF-β activity decreases with a short half-life (2–3
min) (503) due to binding of active TGF-β to extracellular
matrix (504).

A number of growth factors such as (BMP, TGF-β1, IGF,
FGF, PDGF and EGF) have been tested in animal models for
their capacity to stimulate dentin bridge formation
(489–497). Among these TGF-β enhances dentinal matrix
formation (497, 504–506). BMP 7 has been found to stim-
ulate reparative dentin formation in rats (507), pigs (508),
dogs (615) and monkeys (509, 516). BMP-7 failed to work
in pulps with induced inflammation (511). The mechanism
whereby ongoing inflammation inhibits dentin bridging
remains to be elucidated (451, 512). IGF1 (493) and BSP
(513) in rats, and GDF11 in dogs (514) have also been found
to stimulate dentin bridge formation. Recently it has been
shown experimentally in pigs that Emdogain® resulted in
more complete bridges than calcium hydroxide induced
bridges (515–517).

A matter of concern in evaluating the many experimen-
tal studies performed in rats, dogs, pigs and monkeys is that
animal models do not always correlate very well with human
studies (430, 437, 438). This implies that material only tested
in animals should be considered with a certain skepticism
until clinical studies in humans have been performed.

Anatomy of dentin bridges

The cellular mechanisms in formation of a dentinal bridge
have been reported in several studies (518–521). Almost all
dentin bridges formed after calcium hydroxide application
show multiple tunnel defects (522–524) and these tunnels
may lead to microleakage (522, 523). The tunnel defects have
been found not to decrease or be obliterated over time (523).
The consequence of this should be that a bacteria-tight seal
is established over the bridge (see Chapter 22). Furthermore,
one of the requirements for potential new capping materi-
als should be that they create a fast and thick dentin bridge
with a minimum of tunnel defects.

Exposure of the dental pulp at the fracture site through a
tooth fracture requires formation of another type of dentin
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bridge. The formation of such a dentin bridge is 
usually favorable, provided that the pulp is not infected or
inflamed.

The prognosis for healing of pulp capping is poor in 
locations with an inflamed pulp. Pulpotomy should be 
considered in order to create a wound in an uninflamed
location (525).

Extent of pulpal inflammation related to time of
pulp exposure

It has often been cited that the time since exposure of the
pulp should dictate the choice of treatment procedure i.e.

pulp capping, pulpotomy or pulp extirpation. However,
clinical studies in humans do not confirm these statements
(526). This may be explained by the nature of the inflam-
matory process occurring after pulp exposure. Thus it has
been found in monkeys that there was only a moderate
inflammatory invasion in the pulp after 1 week (527, 528).
In a recent study in dogs the mean depths of inflammation
were found to be 4.6 and 3.9 mm after 2 and 3 days, respec-
tively (529) and based on these findings an easy treatment
was indicated for humans. Again this statement is not sup-
ported by clinical evidence in humans (526, 530) and may
represent specific experimental circumstances in pulp
healing in the dog model.

A

B

Fig. 2.30 Pulp response to resin
adhesive and calcium hydroxide. A.
Human pulp capped with calcium
hydroxide. Pulp response after 10
and 70 days. Note calcified barrier
and the lack of inflammation. B.
Pulp capping with a dentin bond
adhesive. No hard tissue barrier is
formed and the pulp tissue is
necrotic next to the adhesive. After
HÖRSTED-BINDSLEV et al. (479)
2003.
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Repair or regeneration of pulp due to luxation
injuries or avulsion and replantation

Several clinical studies have shown that a pulp may heal after
injuries where a complete severance of the neurovascular
supply has taken place (see Chapters 13 and 17). The histo-
logical events during revascularization are also described in
these chapters.

Luxation injuries usually imply total or complete sever-
ance of the neurovascular supply. The ensuing ischemia
affects all cells in the pulp. The healing processes begin api-
cally, move coronally and are highly dependent upon the size
of the pulpo-periodontal interface (i.e. stage of root devel-
opment) (607, 608). The outcome of pulpal severance will
be either total pulpal revascularization (Fig. 2.31) or the
development of partial or total pulp necrosis, usually deter-
mined by the presence or absence of bacteria in the injury
zone. Revascularization of the pulp appears to have started
after 4 days (270, 531) but no experiments have been done
to examine exactly when it starts (Fig. 2.31). In some cases
of successful revascularization, an intact odontoblast layer
will be found with an apparent continuity of the odonto-
blastic processes (Fig. 2.32). The mechanism of this is spec-
ulative, but end-to-end anastomoses in the ruptured apical
vascular supply is a possibility (531, 532) (Fig. 2.33).

Vascular alterations and inflammatory cell infiltration are
activated in order to eliminate the irritating molecules.

Adhesion molecule interactions between blood leukocytes
and endothelium enables transmigration of inflammatory
cells from inside to outside the vessel wall (533). Failure to
resolve inflammation after wounding leads to chronic non-
healing wounds (534), and pulp tissue responds similarly
with absence of hard tissue healing. The mechanism
whereby foregoing inflammation may inhibit tissue repair
(512) and potentially influence gene activity necessary for
stem cell recruitment remains to be elucidated.

In the case of an invasion of PDL-derived progenitor cells
into the root canal, connective tissue will form in associa-
tion with cementum deposition along the root canal walls.
Dependent on a patent apical foramen, bone may invade the
root canal accompanied by inserting Sharpey’s fibers.

The character of the pulpal wound healing response
varies according to the origin of the progenitor cells involved
(see Chapter 1). Thus, in the case of PDL-derived progeni-
tor cells, PDL tissue will be formed with associated cemen-
tum deposition along the root canal walls. Moreover, if there
is a patent apical foramen, periodontal stem cell progenitors
may invade the root canal accompanied by bone formation
and inserting Sharpey’s fibers.

The source of the repopulating endothelial cells is vari-
able (535). In most cases, osteo-dentin, bone or cementum-
like tissue is formed on the canal walls as a response to the
pulpal injury. The reasons for these varying responses have
not yet been clarified.

A B C

Fig. 2.31 Ingrowth of vessels in the
pulp after immediate replantation of
an immature tooth in a dog demon-
strated by a microangiographic tech-
nique.A. Control tooth. B.After 4 days,
revascularization has begun in the
apical portion of the pulp. C. After 3
weeks, revascularization is complete.
From SKOGLUND et al. (531) 1978.
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Dentin formation after revascularization is usually very
extensive and may soon lead to total pulp canal obliteration.
In replanted or transplanted monkey incisors observed for
9 months, it was found that the average daily dentin pro-
duction was 4µm (25) (Fig. 2.34). The explanation for this

accelerated dentin production is presumably a loss of auto-
nomic and/or sensory nervous control of the pulp tissue
(536–549).

Response to infection

An untreated dentin fracture is a possible pathway for pulpal
infection following bacterial invasion of the dentinal
tubules. Pulpal reactions to crown fracture will be further
described in Chapters 10 and 22. If the vascular supply to
the pulp is intact and the bacterial insult moderate, the event
will result in tertiary dentin formation and the pulp will
survive (385, 386). However, if bacteria gain access to the
pulp via dentin tubules, as in the case of dental caries or a
crown fracture, where pulpal vascularity is in any way com-
promised (e.g. a luxation injury) pulpal healing will not take
place (550, 551). This is probably due to impaired defense
reactions and/or a loss of the pulpal hydrostatic pressure
that presents a powerful barrier to bacterial invasion
through the dental tubules (552, 553). An alternative route
is through the apical foramen via a severed PDL (550, 551).
Finally, a hematogenous route (anachoresis) cannot be
excluded (554–562). The explanation for this transmission
of bacteria appears to be an increased vascular leakage in the
tissue bordering the traumatized pulp tissue (563, 564).

An interesting clinical study in humans has shown that
the speed of invasion of bacteria in exposed dental tubules
is dependent upon the pulp status. Thus in endodontically
treated teeth bacteria invasion of up to 2.1 mm was found.
In vital teeth bacteria invasion was significantly less pro-
nounced (565). It was assumed that the dentinal fluid in a
vital pulp or the pressure of intact odontoblastic processes
may be the explanatory factor (565).

An interesting finding is that necrotic but sterile pulpal
tissue can persist over a prolonged period (years) without
becoming infected (332, 566–568). If the pulp becomes
infected in its ischemic state, revascularization is apparently
permanently arrested and a leukocyte zone is formed which

Fig. 2.32 Continued dentin formation in a replanted permanent maxillary central incisor in a monkey. Observation period 8 weeks. Note continued
dentinogenesis after replantation. Only a slight change in the direction of the dentinal tubules indicates the time of replantation. An average daily pro-
duction of 2µm of dentin was formed in the observation period. ×25 and ×50.

A B

Fig. 2.33 End-to-end anastomosis. A. Microangiograph of replanted
mandibular third incisor in a dog, 4 days postoperatively.A few tiny vessels
are seen in the apical region (A) of the pulp (P). B. Microangiograph of
replanted first maxillary premolar, 4 days postoperatively. Some slender
vessels are visible in the apical region of the pulp, but, in addition, a few
larger vessels are seen running all the way to the coronal pulp. From
SKOGLUND et al. (531) 1978.
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separates infected necrotic tissue from the ingrowing apical
connective tissue (82) (Fig. 2.35). In these cases, bacteria are
found in the necrotic pulp as well as in the leukocyte zone,
but seldom in the adjacent vital connective tissue.

The pulpal response to infection differs from the general
response to infection by the end-organ character of the pulp

tissue, implying limitations in the initial inflammatory
response to infection (i.e. swelling) and a restricted access of
the defense system to privileged sites for bacteria, such as the
dentinal tubules, lateral canals and vascular inclusions in
dentin. These anatomical obstructions usually make com-
plete microbial kill impossible. The best compromise is

A B

Fig. 2.34. Rapid dentinogenesis after pulp revascularization. A. Extensive dentin production after autotransplantation of a permanent maxillary central
incisor in a monkey. Observation period: 9 months. ×10. B. An intact odontoblast layer is seen forming tubular dentin. The dentin formed immediately
after transplantation is acellular. The average dentin production after transplantation is 4µm daily. ×40.

A B

Fig. 2.35 Infection in the pulp has caused arrest of pulpal revascularization. Status of a replanted permanent lateral incisor in a monkey. A. Low power
view. There is autolysis and infection in the coronal part of the pulp. ×40. B. A leukocyte zone separating the infected part of the pulp from the revas-
cularized part. ×100.
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usually the creation of a barrier against microorganisms,
either by granulation tissue, hard tissue such as secondary
dentin or cementum or proliferation of epithelium (282,
569–571). Obviously, this type of defense system is not
absolute and with a change in the number of bacteria, their
virulence, or the level of resistance of the patient, an exac-
erbation of the infection may occur.

A specific response may be encountered during revascu-
larization of an ischemic pulp if bacteria have invaded denti-
nal tubules, as with an untreated dentin fracture. Resorption
may then occur in relation to infected dentinal tubules (see
Chapter 13, p. 393).

One factor found to arrest the revascularization process
is infection whereby bacteria get access to the ischemic part
of the pulp. This has so far been considered a definitive step
preventing further advancement of the revascularization
process. In the late 1960s and the 1970s attempts were made
to examine whether removal of an ischemic pulp, steriliza-
tion of the pulp canal and inserting or provoking a blood
clot in the root canal would result in pulp revascularization,
but these attempts were not successful apparently due to
contamination of the root canal with bacteria (572–574). In
a later study (575) it was found that extirpation of pulps
from the apical end of root open dog incisors and subse-
quent autotransplantation to another socket in three out of
four teeth led to an almost complete revascularization. The
character of the new tissue in the root canal was unfortu-
nately not reported in detail (574).

A very interesting clinical human case has recently been
reported where an immature premolar with an apical gran-
uloma was treated with pulp extirpation and treatment of
the root canal with antimicrobial solutions and this tooth
showed gradual revascularization up to the coronal level and
subsequently included gradual canal obliteration (576) (Fig.
2.36). If this technique can be shown to be reliable a com-
pletely new treatment modality for teeth with immature
root development can become a reality.

In immature teeth the response of Hertwig’s epithelial
root sheath to infection is also a part of the pulpal response.
This response has already been described (see p. 72).

Oral mucosa and skin

The lips comprise a complex unit of highly vascularized
connective tissue, musculature, salivary glands and hair fol-
licles (Fig. 2.37). Therefore, injury to this area can affect a
number of different anatomical structures in which healing
disturbances might arise.

Response to injury

The main injuries affecting alveolar mucosa and lips are
abrasions and lacerations. A combination of laceration and
contusion is seen in the penetrating lip wound, where teeth
have been forced through the tissues. In this type of lesion,
tissue is lacerated and contused and contaminated by
foreign bodies and bacteria.

The wound healing response in both oral mucosa and
skin has been researched after incision injury (577–580,
609–612) or excision injury (581–595, 613). An excellent
review on the healing events in oral mucoperiosteal wound
healing has been published by Harrison 1991 (596).

Within 4 to 24 hours after injury, epithelial cells begin
their migration from the basal cell layer peripherally to the
base of the coagulum. A thin epithelial cover is thereby able
to close a simple wound within 24 hours (582, 583). This
event is seen earlier in mucosa than in cutis and is possibly
related to the moist environment found in the oral cavity
(611). By mitotic activity this epithelium will eventually
achieve normal thickness.

In the connective tissue, a number of wound-healing
processes are initiated. Thus after 2 days, proliferation of
endothelium can be observed. A wound-healing module is
created whereby macrophages, fibroblasts and capillaries,

A B C D

Fig. 2.36 Revascularization of an immature premolar with apical periodontitis. A and B. Preoperative condition showing a fistula and an apical radio-
lucency. C. The root canal was opened and the superficial part of the canal cleaned. The tooth was left open. At the following visits the upper part of
the root canal was irrigated using 5% sodium hypoclorite and 3% hydrogen peroxide. Antimicrobial agents (metronidazole and ciprofloxacin) were placed
into the root canal. The root canal was not mechanically cleaned during the treatment period (B). At the fifth visit, the existence of vital tissue approx-
imately 5mm apical to the canal orifice was confirmed by visual inspection. A radiograph taken 5 months after permanent closure of the access cavity
revealed the first signs of apical closure. A slight increase in thickness of the root canal wall was also observed (C). D. 30 months after the intial treat-
ment confirmed complete closure of the apex and thickening of the root wall due to a diminished pulp space. After IWAYA et al. (576) 2001.
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originating from existing venules, invade the injury zone
(590). This process will close the wound with young mature
connective tissue within 5–10 days. These events are
described in detail in Chapter 1.

In general, wound healing processes are facilitated by a
good vascular supply, as is seen in the lips; a fact which may
explain the relatively rare occurrence of serious complica-
tions such as tissue necrosis in this region.

In an experimental study in monkeys, it was found that a
penetration wound caused by an impact forcing the incisors

through the lower lip resulted in crushing of musculature
and salivary gland tissue, as well as occasional entrapment
of foreign bodies (plaque, calculus, tooth fragments 
and remnants from the impacting object) (597). These
events imply a complex pattern of healing in the oral
mucosa, salivary gland tissue, muscular tissue and skin,
simultaneously. The regenerative potential of each of these
tissue components, as well as their response to infection,
varies significantly. For example, oral mucosa lesions – in
contrast to skin lesions – generally heal without scarring, an

Fig. 2.37 Anatomy of human lip. H,
Hair follicles; S, sebaceous glands; M,
musculature; C, connective tissue.



Response of Oral Tissues to Trauma 95

observation which is presently based only on clinical 
documentation.

Healing of damaged salivary gland tissue is presently not
very well researched. However, considering that these cells
are highly differentiated, only limited or no regenerative
potential can be expected.

Muscle can regenerate (598–606), but this process is often
complicated by competition from connective tissue,
frequently leading to formation of scar tissue in the lips.

Response to infection

The incorporation of foreign bodies during wound healing
implies a risk of infection by their mere presence, as well as
possible bacterial contamination. Furthermore, even sterile
foreign bodies usually invoke a foreign body reaction and
formation of fibrous scar tissue (see Chapter 1, p. 42). A
longstanding chronic foreign body reaction and/or infection
may lead to fibrosis which encapsulates the foreign body 
by a concentration of macrophages or giant cells 
(Fig. 2.38).

A common foreign body in the lips appears to be enamel
fragments. The reaction to these appears to be fibrous
encapsulation and a macrophage/giant cell response,
whereas resorption by osteoclasts (recruited from the blood-
stream) is sometimes found.

Essentials

Dental follicle

The dental follicle has some regenerative potential. Severe
damage leads to ankylosis and/or disturbances in tooth
eruption.

Cervical loop

This structure has a great regenerative potential after trauma
whereby crown and later root formation can usually be com-
pleted.

Ameloblasts

These cells are very sensitive to trauma and infection. Both
events usually lead to partial or total arrest of enamel for-
mation and secondary mineralization.

Reduced enamel epithelium

It has limited, if any, regenerative potential. Trauma 
and infection may therefore lead to defects in secondary
mineralization.

Fig. 2.38 Healing complications
after a penetrating lip lesion
Scarring in a lower lip due to persist-
ence of foreign bodies. The patient has
suffered a penetrating lip lesion 6
months previously. Induration is felt in
the lower lip and a radiographic exam-
ination shows foreign bodies.

Removed tissue
The indurated tissue was removed and
a histologic examination showed that
it consisted of fibrous tissue and mul-
tiple foreign bodies, most likely enamel
and dentin fragments. ×10 and ×40.
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Enamel organ

The enamel organ is sensitive to trauma and infection;
injuries lead to disturbances in mineralization and enamel
matrix formation. Short-term chronic inflammation (i.e.
months) has very little or no effect whereas persisting
inflammation (years) results in disturbances in enamel
matrix formation and mineralization.

Hertwig’s epithelial root sheath

This structure can be damaged directly during a luxation
injury or indirectly by delayed revascularization due to
incomplete repositioning. It has a certain regenerative
potential and, depending on the extent of injury partial or
total arrest of root development may occur. It appears to be
rather resistant to even prolonged pulpal infection.

Gingiva and periosteal complex

Regeneration of gingival anatomy usually takes place 1 week
after wounding.

Periodontal ligament-cementum complex

Traumatic injury to the periodontal ligament can lead to
various types of resorption (i.e. surface resorption, inflam-
matory resorption and replacement resorption), depending
upon the extent of the PDL injury, pulpal condition and the
age of the patient. The periodontal ligament-cementum
complex is resistant to chronic infection. However, acute
infection leads to degradation of PDL fibers. Resorption of
the root surface can occur subsequent to chronic or acute
infection.

Alveolar bone and marrow complex

The response to fracture or contusion is resorption of
necrotic bone and subsequent osteogenesis. The reaction of
bone to chronic infection is bone resorption and formation
of granulation tissue which delimits the focus of infection.
In acute infection, bacteria spread to the bone and bone
marrow where they elicit severe inflammatory changes.

Dentin pulp complex

The pulp exhibits a repair potential after traumatic injury as
long as infection is avoided. This applies to accidental expo-
sure of the coronal part of the pulp, where a hard tissue
barrier usually walls off the exposure. In case of severance
of the vascular supply to the pulp due to luxation or root
fracture, the width of the pulp-periodontal interface is deci-
sive for successful revascularization. If infection occurs in
the pulp in its ischemic phase after luxation or replantation,
the revascularization process becomes permanently
arrested.

Oral mucosa and skin

The lips have, due to their vascularity, an excellent healing
capacity. Scar tissue formation is frequent in skin but rare in
mucosa. Acute or chronic infection usually results from pen-
etrating lip wounds due to contamination with foreign
bodies.
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Introduction

The integrity of the tooth organ is, among other factors,
dependent on stem cells located in the pulp and the peri-
odontium. After tooth trauma adult stem cells are the reser-
voir of reparative cells. They proliferate and migrate to the
wound site, where, in cooperation with local cells, they par-
ticipate in repair. Adult stem cells have the capacity to grow
into many types of tissue. Their capacity for regeneration is
being studied in transplantation models. In this section we
focus on the evidence in the field of tooth and periodontal
regeneration with focus on stem cells.

Advances in regeneration of oro-facial tissues are based
on contributions from molecular biology, stem cell biology,
developmental biology, the human genome project, and
development of new biomaterials. These disciplines have
merged in a discipline called tissue engineering. This field
provides new dental tissue engineering modalities, includ-
ing generation of teeth (1–3).

Recent studies in a variety of systems have highlighted
new perspectives for stem cell-based treatments. Here are a
few examples: one group in Washington isolated pulpal stem
cells capable of making dentin after transplantation (4);
Another group claimed they were able to develop tooth
crowns with dentin and enamel using cells cultivated from
tooth buds in rats (5); In London another group was capable
of making new teeth ex situ by transplantation of embryonic
stem cells (6). Therefore, the recent studies indicate new
avenues for dental tissue engineering, and they suggest that
knowledge about cells may become relevant in future trau-
matology.

The stem cell

What is a stem cell?

The stem cell is a cell from the embryo, or adult organism,
that has, under certain conditions, the ability to reproduce

itself. It can give rise to specialized cells that make up the
tissues and organs of the body (7).

Stem cells initially undergo asymmetric cell division
where one daughter cell is a duplicate of the original stem
cell. However, the other stem cells undergo further cell divi-
sions and produce progenitor cells (Fig. 3.1) (8). Progenitor
cells, also called precursor cells, can divide further as a
transit amplifying cell pool and eventually give rise to a pool
of differentiated cells.

Progenitor/precursor cells can replace cells that are
damaged or dead, and thereby repair a defect. After termi-
nal differentiation the cells are able to maintain their
integrity and functions and thus achieve tissue regeneration.

Stem cells are capable of making copies. We have stem
cells, not only in the embryo, but also in adults throughout
life. They have been found in dental pulp, periodontal liga-
ment, bone marrow, blood, the cornea and the retina of the
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Fig. 3.1 Stem cells show asymetric cell division. One daughter cell is a
duplicate of the stem cell. The others continue division and thereby rep-
resent an amplifying cell pool.
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eye, brain, skeletal muscle, liver, skin, the lining of the gas-
trointestinal tract, and pancreas (4, 9, 10).

Embryonic stem cells

The fertilized egg cell is capable of developing into all types
of tissue, and it is therefore totipotent. After cell division in
four days it develops into a blastocyst where the cells have
divided into an outer and an inner cell mass. The inner cell
mass is pluripotent and develops into all tissue in the body.
By adding specific growth and differentiation factors to a
culture medium, stem cells are induced to differentiate into
certain specialized cell types (Fig. 3.2).

Once removed from their environment the inner cell mass
lacks signals regulating the cell fate, and they can proliferate
indefinitely as embryonic stem cells in the laboratory while
retaining the ability to differentiate into all somatic cells, a
property that is not shared by adult stem cells (Fig. 3.2) (9).

The mechanism by which embryonic stem cells are deter-
mined for differentiation is dependent on a network of
developmental signaling molecules. The local environment
of stem cells plays an important role.

Embryonic stem cells have tremendous potential in devel-
opment. Embryonic stem cells can now be cultured and even
produced from adult cells by the nuclear transfer method
(11). It has been claimed that cells may be added to injured
regions, develop in situ, and restore function in a part of the

body (2). They can also make small segments of tissue which
are usable for developing into regular tissue transplants (6).
However, there are not only scientific and biotechnical prob-
lems when using embryonic stem cells: ethical and legal
aspects need to be clarified (12).

Adult stem cells

In the mature tissue of adults, stem cells play a major role
in homeostasis and tissue repair. Stem cells have been iso-
lated from many tissues, including bone, periosteum, syn-
ovium, and teeth (10, 13–15). In contrast to embryonic stem
cells, the adult stem cells do not replicate indefinitely in
culture (9).

Evidence suggests that adult stem cells have more devel-
opmental potential than previously thought. They may
adopt different cell types after differentiation (3). Given the
right environment adult stem cells from bone marrow (16),
skin (17) and dental pulp (18) can differentiate into neurons
and adipocytes.

Differentiation is the process by which an unspecialized
cell, such as a stem cell, becomes specialized into one of
the cell types that make up the tissues. During differentia-
tion, certain genes become activated and other genes
become inactivated in a regulated fashion. As a result, a dif-
ferentiated cell develops specific structures and certain 
functions.

Fig. 3.2 The fertilized ovum is toti-
potent. First, it develops the inner cell
mass and subsequently the three main
types of embryonal stem cells in ecto-
derm, mesoderm and endoderm. These
stem cells can in vitro develop a wide
range of specific cell types dependent
on the culture conditions. Segments of
tissue can be developed for experi-
mental implantation. Modified from
KREBSBACH & ROBEY (12) 2002.
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Apparently, differentiated cells from one germ layer may
be ‘genetically re-programmed’ to generate new specialized
cells that are characteristic of tissues originating from
another, a phenomenon called ‘plasticity’ (19). The evidence
of stem cell plasticity is controversial and more studies are
anticipated (20, 21). Much work has to be done in order to
map the tree of stem cell lineages.

Detection of stem cells

There is a lack of data on the fate of stem cells and their pro-
genitors in the environment of dental trauma. They work in
an environment that has a crucial, but not necessarily irre-
versible, influence on the differentiation of genes in a par-
ticular direction (22).

Adult stem cells are rare, and they are therefore often 
difficult to identify, isolate, and purify. Stem cells are often
interspersed between differentiated cells.

In light of previous discoveries of adult stem cells in
tissues where they were not expected, it was hypothesized
that they could also be present in hard tissues of the oral
cavity. By using techniques previously established for isola-
tion of stem cells and progenitors from bone and its marrow,
it is now possible to isolate fractions of dental cells enriched
in stem cells (see later). By using cell sorting technology it is
possible to label individual cell types with specific antibod-
ies and isolate the cell fractions. It is thereby possible to
isolate cell groups with an extensive clonogenic capacity,
and also an ability to regenerate hard tissue after transplan-
tation (23).

Today, a new interpretation of stem cells is developing. We
know that stem cells are not necessarily typical undifferen-
tiated cells. On the contrary they may, to some extent,
express a selection of molecules which are characteristic for
differentiated cells (19). Stem cells may apparently adopt
some reversible changes in direction of changes seen after
irreversible terminal differention.

It can be difficult to ascertain scientifically whether a
single cell is capable of developing an array of cell types,
or whether multiple cell types, when grown together, are
capable of forming the same cell type. Development in the
detection of specific stem cell markers, including production
of specific antibodies, is anticipated with great interest.

Origin of dental stem cells

The origin of stem cells is important in the understanding
of their competence and fate. The embryo is developed from
three layers of multipotent stem cells called ectoderm, meso-
derm, and endoderm. In the primitive oral cavity two cell
types are juxtaposed, ectoderm in the epithelial surface and
ecto-mesenchyme (including mesoderm) below. They inter-
act to control the process of tooth initiation (24). Tooth
organs have to develop at precisely determined sites and
time-points. The first fundamental patterning in jaw mor-
phogenesis is controlled by the early separation of specific
areas of ectoderm that are regulated specifically by ecto-
derm-endoderm interactions (25).

The branchial arches are derived when ecto-mesenchymal
stem cells migrate under the ectoderm into the cranial
mesoderm. The ecto-mesenchyme has been called the
fourth germ layer. This important tissue is derived from the
cranial neural crest at the junction between the neuroecto-
derm of the closing neural tube and the surface ectoderm.
The neural crest tissue, which is filled with pluripotential
stem cells, migrates from the dorsal side around the primi-
tive brain into the branchial arches on the ventral side (26).
The mammalian jaw apparatus including teeth is derived
from the first branchial arch in the embryo (27).

Tooth initiation

In tooth development the epithelium covering the inside of
the developing oral cavity secretes the first instructive
signals. Signaling molecules thereby position the sites of
subsequent tooth development (28) (Fig. 3.3).

The patterning of the dentition is based on a nested
pattern of homeobox genes that are expressed in the mes-
enchyme (29). These genes include Msx1, -2, Dlx1, -2, -3,
-5, -6, -7, Barx1, Otlx2, Lhx6, -7, in specific spatial patterns
before any morphological manifestation of tooth develop-
ment (13, 30–34).

From anterior to posterior, the dentition is divided into
regions of incisor, canine, premolar and molar tooth types.
The teeth are initiated as discrete organs (35). Manipulation
of homeobox code causes transformations in tooth type, for
example, from incisor to molar (36).

Tooth development

The shape of the tooth crown results from growth and
folding of inner enamel epithelium. The cusp patterning is
regulated by transient signaling centers, the enamel knots
(37).

The development of individual teeth involves epithelial-
mesenchymal interactions that are mediated by molecular
signals shared with other organs, particularly in the four
major groups of signaling molecules, and they regulate the
early steps of organ development: Hh (hedgehog), wnt
(went), FGF (fibroblast growth factor) and TGF super family
(transforming growth factors) which include the BMP
(bone morphogenetic proteins).

Recent evidence suggests that largely the same signaling
cascade is used reiteratively throughout tooth development.
Tooth type appears to be determined by epithelial signals
and to involve differential activation of homeobox genes in
the mesenchyme (35). Tooth initiations involve interaction
between Sonic hedgehog (Shh) and wnt signalling molecules
in the oral epithelium (29).

Today we are beginning to understand the molecular net-
works regulating tissue interactions unfolding in time and
space during tooth development (38). Hundreds of genes
involved in tooth formation have been described (see
http://bite-it.helsinki.fi).

The dental mesenchyme, including the dental papilla and
follicle, is derived from the cranial neural crest primarily and
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few mesodermal cells (26, 39, 40). It is conceivable that stem
cells in the dental papilla acquire commitment to differen-
tiate into odontoblasts during their development (41).
Dental follicle cells develop commitment to form cemento-
blasts, PDL-fibroblasts and osteoblasts (42).

The epithelial FGFs and BMPs initially regulate mes-
enchymal transcription factors including Msx1 and Pax9
(43). These and other signaling molecules are used for
temporo-spatial regulation of interaction between adjacent
epithelium and underlying mesenchyme (29, 38, 44).

It is well established that odontogenic competence, with
information for identity and shape of the teeth, is induced
by the epithelium, and subsequently resides in the tooth
mesenchyme (45).

Study of the cell signaling ectodysplasin (Eda) gene
showed that with increasing expression levels, the number
of cusps increases, cusp shapes and positions change, and
number of teeth increases (46). The shape of the resulting
tooth is coordinated by the enamel-knot signaling centre
(29).

Human dental disorders have been shown to involve
many of the genes that have important roles in early tooth
development (47).

Cross-talk of genes

Interaction between the local environment of a tissue injury
and adult stem cells is a dynamic, complex, ongoing set of
interactions. The genes that regulate tooth development (35)
are, at least to some extent, reactivated following injury.
Members of the Notch signaling pathway operate through
local cell–cell interactions and regulate the fate of stem cells.
Results suggest activation of Notch signaling is also involved
in regulation of adult stem cells during pulp regeneration
(48).

Proinflammatory molecules, such as those redistributed
from immune responsive cells, root canal microbiota, and
necrotic pulp tissue, in the hostile environment created by
the injury, influence genes and factors that are involved in
regulation of the stem cells and their progenitors during
wound healing. When the treatment is successful the inflam-
matory phase is followed by a reparative phase with prolif-
eration, and eventually a regeneration phase (49).

The progression of the inflammatory phase leads to
dampening of complex and potentially aggressive defense
reactions. The modifications in the inflammatory signaling
network allow for upregulation of the upcoming prolifera-
tion phase. Some inflammatory cytokines may be growth
stimulatory, but in the fetus wound healing reactions may
occur successfully without inflammation (50). Studies 
on reparative dentinogenesis in germ free animals have
shown that pulp cells express the odontoblast phenotype 
much more early when inflammatory factors are not present
(51).

Insight into some of the environmental influences on
stem cells in wound healing, such as interaction between
stem cells and inflammatory cytokine networks, seems rele-
vant for optimal development of tissue engineering.

Bone marrow cells

The bone marrow harbors stem cells capable of differenti-
ating between hematopoietic and stromal cell lineages. Both
stem cell types are capable of contributing to multiple cell
lineages (52, 53). The bone marrow stromal cells (BMSCs)
include a group of mesenchymal stem cells capable of
forming e.g. cartilage and bone (54). BMSCs can be
expanded in vitro, but they only form bone after implanta-
tion with a 3-dimensional matrix, such as that based on
hydroxyapatite. Addition of bone morphogenetic protein7
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(BMP7) stimulates the cells’ bone formation in defects
which are not capable of repair by themselves (54).

When bone marrow stromal cells with a reporter gene
coding for green fluorescent protein (GFP) are transplanted
into mice without bone marrow, several organs with exper-
imental injury, including liver, heart and muscle, regenerate
with the help of GFP-labeled bone marrow cells (20, 55, 56).
It has been proposed that circulating skeletal stem cells can
adhere to local cell adhesion molecules (CAMs) in damaged
tissue and migrate out and subsequently contribute to tissue
regeneration (53).

Stem cell plasticity, fusions and confusion

Postnatal cells have been suggested to possess some degree
of plasticity with de-differentiation of differentiated cells as
the basis for recruitment of new stem cells (20).

After pulp exposure it has been suggested that endothe-
lial cells and pericytes may become undifferentiated mes-
enchymal cells, and that they hypothetically re-differentiate
into odontoblasts (57). Cells in the fibroblast cell family may
transdifferentiate. However, terminal differentiation is nor-
mally irreversible, and conclusions on reversible de-
differentiation, with plasticity of mature somatic cells
changing to stem cells, need more evidence. Existing evi-
dence suggests that in vivo such unexpected transformations
are exceedingly rare (21).

The scale of cell recruitment, such as (1) through a transit
amplifying cell pool, (2) the potential dedifferentiation due
to cell plasticity, or (3) the migration of already determined
precursor cells, remains to be clarified (20).

Our concept of stem cells during tissue regeneration has
been radically changed, and unfortunately more compli-

cated, by discovery of stem cell fusion and plasticity with
potential de-differentiation of differentiated cells as the
source of new stem cells.

New discoveries on the Twist-1 gene expression indicate
it can be responsible for epithelial-mesenchymal transitions
during development (EMT) (58, 59).

In vitro coculture of embryonic stem cells and somatic
cells can result in spontaneous cell fusion (60, 61). Liver cells
are known to form heterokaryons, but only in severe patho-
logical conditions (62, 63). In vivo bone marrow stem cells
may derive hepatocytes, cardiomyocytes, and Purkinje cells
due, at least in part, to fusion with these cell types (60, 61,
64–67). Apparently, stem cells may under specific circum-
stances fuse with local differentiated cells.

Stem cells in the periodontium

The periodontium consists of soft and mineralized tissues,
and together they provide an attachment for the tooth to 
the bone while allowing the tooth to withstand physical
forces. The periodontal tissues are arranged in cellular
domains of remarkable coherence and preserved dimen-
sions (68).

The periodontal ligament is a specialized connective
tissue that connects the cementum and the inner wall of the
alveolar socket to maintain and support teeth in situ and
preserve tissue homoeostasis (10). The cementum is a 
thin layer of mineralized tissue on the surface of the roots
(69).

The adult periodontium contains stem cell progenitors,
which are involved in tooth maintenance and repair after
injury (Fig. 3.4). In situ, these cells often have a low cycling
rate and locate in specific regions or niches (70, 71).

Fig. 3.4 PDL stem cell. Electron
microscope radio-autograph of an
undifferentiated paravascular progeni-
tor cell labeled with H3-TdR 29 hours
after wounding. BV = lumen of blood
vessel; E = endothelial cell; L =
radioactive label; N = nucleus; PC =
progenitor cell. From GOULD (183)
1983.
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Adult stem cells and their progenitors proliferate and
migrate before arrival at sites of periodontal injury. The
advent of new cells has been followed in several studies in
rodents by using a marker of DNA synthesis prior to cell
division.

An increased number of labeled cell populations are seen
to be associated with bone surfaces and ligaments after
injury (72). They proliferate in adjacent and unwounded
tissues from where they migrate as labeled cells into the
wound defect (73, 74). They migrate and differentiate into
fibroblasts, osteoblasts or cementoblasts forming new bone
and cement (70, 72).

The number of labeled cells in wounded ligaments
increased from days 1 to 7 suggesting a prolonged repopu-
lation response after wounding (73).

Studies in mouse molars suggest there is a slowly divid-
ing cell population within 10 microns of blood vessels which
may represent stem cells (74, 75). They divide several times
before day 3 (74). From day 3 to day 7 after wounding the
majority of cells were found to be paravascular. The major-
ity of the dividing cells appeared to belong to two popula-
tions, one adjacent to bone, the other in the body of the
ligament. A third and minor population, not paravascular,
lay adjacent to cementum (72).

Endosteal spaces of alveolar bone apparently also con-
tribute with progenitors (70). Data also from mouse molars
with ligament wounding indicate that endosteal spaces are
enriched with labeled progenitor cells whose progeny
rapidly migrate out of the compartment, and there they 
subsequently express the phenotype for osteoblasts or
cementoblasts (70).

Periodontal ligament contiguous with the endosteal
spaces exhibited 5 times as many mitosis-labeled cells as
other sites in this tissue. Thickened cementum was coinci-
dent with the openings of endosteal spaces in most of the
observations (70). Taken together, the data sugggest that
periodontal tissues respond with site-specific recruitment of
stem cell progenitors.

Stem cells in the pulp

The dentin provides a structural basis for the function of the
tooth which allows the tooth to withstand physical forces
while protecting the pulp. The pulp-dentinal organ consists
of soft and mineralized tissues, and together they interact in
order to maintain the function of the tooth.

The pulp-dentin tissues are integrally connected in the
sense that pathologic reactions in one of the tissues will also
affect the other (69).

The peripheral part of the pulp comprises a single layer
of polarized cells, the odontoblasts, which separate the
dentin from the pulp stroma. Each odontoblast secretes pre-
dentin and makes an extension into a dentinal tubule, the
odontoblast process. After odontoblasts have formed they
secrete primary dentin, after eruption they continue to form
secondary dentin at a slow rate, and tertiary dentin is formed
in response to localized irritation (Fig. 3.5).

The range of confusing terms used to describe physiolog-
ical and pathological dentin, secreted after primary dentin
formation, has led to redefinition of ‘tertiary dentin’, which
is subdivided into reactionary and reparative dentin (76).

The localized tertiary dentin formed by surviving primary
odontoblasts following mild impacts, has been referred to as
reactionary dentin, whereas that formed by a new odonto-
blasts has been called reparative dentin (77) (Fig. 3.5).

The pulp stroma is a specialized loose connective tissue
including blood and lymph vessels, nerves, and interstitial
fluid (69). The adult pulp contains immature stem cell-like
cells, which are involved in pulp-dentin repair after injury.
They have the potential to develop into specialized odonto-
blast-like cells, and they are duplicated in the stromal pulp
after greater injuries, where they migrate to the injured site
as described in the following.

Pericytes, the primary stem cell candidate

Earlier studies suggest the dentinogenic stem cells are asso-
ciated with the blood vessel walls (2).

Studies in rodents suggest that progenitor cells located
around the blood vessels (78), and especially endothelial
cells and pericytes, are involved in repair (57).

The pericytes in human dental pulp are abluminal perivas-
cular cells located around the endothelial cells in capillaries
and blood vessels. They are enclosed in basement membrane
matrix, and they can be recognized by their stunted or
rounded form and their few, short processes (Fig. 3.6). The
pericytes represent undifferentiated mesenchymal cells.

Transitional cells are partly surrounded by basement
membrane. Fibroblast-like cells are outside, but adjacent to
the basement membrane. Some pericytes may migrate away

Fig. 3.5 Reactionary and reparative dentin. The range of confusing terms
used to describe physiological and pathological dentin, secreted after
primary dentin formation, has led to redefinition of ‘tertiary dentin’, which
is subdivided into reactionary and reparative dentin. The localized tertiary
dentin formed by surviving primary odontoblasts following mild impacts,
has been referred to as reactionay dentin, whereas that formed by a new
odontoblasts has been called reparative dentin (76, 77).
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from the vessel wall to undergo transition to another 
phenotype (28).

Recent evidence supports that dentinogenic progenitor
cells are of perivascular origin with pericytes as the primary
dentinogenic stem cell candidate (28).

Stem cells have been found in human dental pulp in per-
manent (79) and exfoliated deciduous teeth (18). It has been

shown that it is possible to isolate a fraction of pulp cells
enriched in stem cells by using STRO-1, CD-146, and 3G5
antigens for selection of cells and fluorescence activated cell
sorting (FACS). The Gronthos & Shi group confirmed the
stem-cell-like properties as two-thirds of the single-colony-
derived cell populations generated abundant ectopic dentin
in vivo after transplantation (80). STRO-1 and CD-146 anti-
gens colocalized in vivo on the outer walls of large blood
vessels in human adult pulp (80), whereas 3G5 is a general
pericyte-associated cell surface antigen (81, 82). Therefore,
it is suggested that dental pulp stem cells reside in the
microvasculature of the pulp, and that pulpal pericytes,
which fulfil a role in angiogenesis and blood vessel home-
ostasis, may also contribute as adult dentinogenic stem 
cells (26).

Stem cells and pulp injury

Experimental animal studies have demonstrated that repair
of the pulp-dentin organ occurs with recruitment of new
odontoblast-like cells (83) (Fig. 3.7). Studies using tritiated
thymidine described an increased number of labeled cells
3–4 days after pulp capping, and the progenitor cells
migrated toward the wound clot and adjacent dentin walls
where odontoblasts had been lost. No label incorporation
was observed in surviving odontoblasts close to the injury
(84). Accordingly, new pre-odontoblasts replacing lost
odontoblasts were labeled and recruited by multiplication
and not only migration (85).

Fig. 3.6 Pericyte. The pericyte is seen close to cuboidal odontoblasts on
the dentin wall of a mouse molar. Dental pulp stem cells are expected to
include pericytes. Pericytes are located around endothelial cells embedded
in the basal lamina. They are abluminal and small with big nuclei, and a
plump and rounded morphology with only few lamellipodia.The PAS stain-
ing labels glycoproteins in the perivascular basal lamina.

Fig. 3.7 Pulp healing after crown fracture. Stem cells participate in healing after a crown fracture with deep dentin exposure or direct pulp exposure.
The offspring of paravascular stem cells (S) migrate together with polymorphonuclear leukocytes (PM) and macrophages (M) to the injury site.
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Different labeling responses have been described after
superficial and deep pulp injuries. In superficial injuries
increased labeling of fibroblasts and perivascular cells were
described early and close to the lesion and decreasing by
time, whereas under deep exposures similar labeling
changed from low to high over time (86). Continuous influx
of newly differentiating odontoblast-like cells at the mate-
rial–pulp interface was observed to be cells originating from
the deeper pulp. At least two replications of DNA are
required after pulp capping before cell migration and
expression of the new odontoblast-like phenotype (86, 87).
Transplantation of pulp tissue from transgenic mice carry-
ing a GFP-reporter gene confirmed that the stromal dental
pulp contains progenitors that can differentiate into odon-
toblast- or osteocyte-like cells giving rise to tubular repara-
tive dentin or atubular bone-like dentin, dependent on the
conditions (7).

Tissue engineering

A triade of biomolecules, biomaterials and cells

Tissue engineering is the manipulation and development of
molecules, cells, tissues and organs, to replace or support the
function of defective or injured body parts.

Tissue engineering is based on the research triade of cells,
biomolecules and biomaterials (Fig. 3.8). The list of tissues
with the potential to be engineered is growing steadily (3).

Progress in understanding tooth development, the role of
stem cells, carriers, scaffolds, and bioactive molecules, have
set the stage for engineering of traumatized dental tissue.

The designs and approaches are endless, and range from
conductive membranes to using stem cells ex vivo for con-
struction of whole teeth. This section briefly reviews the role
of biomaterials, biomolecules, and cells, in dental tissue
engineering.

Biomaterials: the third generation

Biomaterials for conductive, inductive, and also cell-based
tissue replacement strategies, are in development (88).
Biodegradable or nondegradable scaffolds can be used as
space-filling matrices for tissue development and barriers 
to migration of epithelial cells in tissue conductive
approaches (88). The biomaterials may also include matrix
and vehicle for cell adhesion and distribution of bioactive
molecules.

Inductive approaches involve sustained delivery of bio-
active factors, such as protein growth factors and plasmid
DNA, to alter cell function in localized regions. Factors can
be released from highly porous polymer scaffolds to allow

Fig. 3.8 Tissue engineering. The triad:
bioactive molecules, cells and materi-
als (scaffolds/carriers) can be used for
regeneration of bone, PDL, cementum
and dentin. The key bioactive mole-
cules are the morphogenetic signaling
families: BMPs, FGFs, Shh and Wnts.
The cells include progenitor/stem cells
derived from marrow, dental pulp and
PDL-derived cells. The materials consist
of extracellular matrix scaffold, hydroxy
apatite, collagens, fibronectin, pro-
teoglycans including hyaluronic acid,
synthetic foams, fibers, gels and mem-
branes, which can be incorporated
with biomimetic biomaterials. From
NAKASHIMA & REDDI (92) 2003.
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factor delivery and tissue development to occur in concert
(88).

Recent bone research described the response of
osteoblasts to the ionic solution products of bioactive
glasses, which have proven to be effective tools with osteo-
productive properties. The activated genes express numer-
ous proteins that influence all aspects of proliferation and
differentiation of osteoblasts:

• Transcription factors and cell cycle regulators
• Signal transduction molecules
• Proteins involved in DNA synthesis, repair, and 

recombination
• Growth factors and cytokines that influence the 

inflammatory response to the material
• Cell-surface antigens and receptors
• Extracellular matrix components and enzymes
• Apoptosis regulators (89).

Where the second generation biomaterials were designed
to be either resorbable or bioactive the third generation of
biomaterials is combining these two properties, with the aim
of developing materials that, once implanted, will help the
body heal itself (90). The separate concepts of using bio-
resorbable and bioactive materials have converged.

Two alternative routes of repair with the use of bioactive
biomaterials are available (90).

In one approach, tissue engineering is performed before
implantation. Progenitor cells are seeded onto modified
resorbable scaffolds. The cells grow outside the body and
become differentiated and mimic naturally occurring
tissues.

In another approach, tissue engineering is performed after
implantation in situ. This approach involves the use of bio-
materials in the form of powders, solutions, or microparti-
cles to stimulate local stem cell recruitment. Extracellular
matrix molecules can also mimic the extracellular environ-
ment and provide a multifunctinal cell-adhesive surface (90).

The new third-generation implants, as mentioned above,
include both resorbable biomaterials and a molecular 
tailoring of immobilized proteins, peptides, and other 
bioactive substances seems to show great promise.

Biomolecules: growth and differentiation factors

Although numerous molecules can be used to stimulate
tissue formation including mitogenic signals and differenti-
ation factors, only a small number are yet being pursued
clinically (91–95).

As reviewed by Silva, et al. 2004 several growth factors and
other soluble molecules have been identified in human
dentin including IGF-I, IGF-II, TGF-β1, TGF-β2, TGF-β3,
MMP gelatinase A, PDGF-AB, VEGF, PlGF, FGF2, and 
EGF (96).

Classic receptor-mediated peptide signaling supported
with extracellular matrix molecules for stimulation of tissue
formation cascades lead to cellular events such as chemo-
taxis, angiogenesis, proliferation, differentiation, and even-
tually formation of soft or hard tissue (91).

The application of polypeptides such as PDGF, TGFβ and
IGF has apparently led to successful enough outcomes to
facilitate clinical regulatory approval (91–95).

Another therapeutic candidate is enamel matrix deriva-
tive, a set of matrix proteins. Enamel matrix derivative
appears to stimulate first acellular cementum formation,
which may, in a limited extent, support functional peri-
odontal ligament formation (91).

It is evident that the BMPs are excellent molecules and
candidates for stimulation of oral mineralizing tissues and
periodontal ligament (91). BMPs have been introduced for
pulp capping showing marked stimulation of reparative
dentinogenesis (97, 98); however, blood vessel invasion into
the pulp implant appears to be a side-effect which has to be
conquered. The recent approval by the US Food and Drug
Administration of rhBMPs for accelerating bone fusion in
slow-healing fractures indicates that this protein family may
prove useful in designing regenerative dental treatments
both in endodontics and periodontics (92).

Biomolecules: gene therapy

Gene therapy represents a promising approach for local
delivery of bioactive molecules to specific tissues. Advances
in the techniques to genetically modify the gene activity of
stem cells during their ex vivo expansion may offer a unique
opportunity to influence a patient’s own stem cells even
better. It is actually possible to replace a gene activity which
is missing, and it is also possible to silence a gene activity
that is defective and unwanted (12).

Several laboratories have shown that virus-based expres-
sion vectors can stimulate for example BMP expression and
osteoblast differentiation leading to increased bone forma-
tion in vivo. Both in vivo and ex vivo transduction of cells
can induce bone formation at ectopic and orthotopic sites.
Bone regeneration may also be achieved through the use of
inducible promoters and, in so doing, be able to precisely
control both the amount and type of bone regenerated 
(99).

Cell implantation

The isolation of adult stem cell populations that repro-
ducibly can form bone and its marrow, dentin, cementum,
and periodontal ligament, support an envision of com-
plete restoration of complex oro-facial structures by using
the patients own cells and, thereby, avoid the issues of
histo-compatibility.

The molecular techniques for expansion and induction of
specific stem cell progenitors, and also the biomaterials used
as carrier, are developing. Recent approaches have been
based on seeding of cells, for example onto polymeric scaf-
folds in vitro and subsequent transplantation of the scaffold.
New scaffold materials are being developed that address spe-
cific tissue engineering design requirements, and in some
cases attempt to mimic natural extracellular matrices 
(88).
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These strategies together offer the possibility of forming
specific tissue structures, and may provide answers to prob-
lems with exposed pulps, injured periodontal ligaments, fur-
cation defects, bone and root resorptions, and ankylosis
(88).

Stem cells from teeth have been isolated from teeth by
using activated cell sorting. It was possible to transplant a
mix of human stem cells with hydroxyl apatite carrier into
immunocompromized mice and develop PDL/cementum
from isolated fractions of PDL stem cells (10), dentin from
subpopulations of pulp stem cells, and bone from stromal
marrow cells (23), respectively.

There are several aspects that need to be addressed as we
attempt to explore the mechanisms underlying the poten-
tials of stem cell therapy. These questions include at present
the host immune response to implanted cells, the homing
mechanisms that guide delivered cells to a site of injury, and
differentiation of implanted cells under the influence of
local signals (40).

Periodontal tissue regeneration

Stem cells and periodontal regeneration

Successful regeneration of tooth and bone fractures requires
repair and regeneration with the tissues in the right place.
Several tissues can be involved in dental traumas: ligament,
cement, bone, dentin, pulp, vessels, and neurons. Regenera-
tion of tooth injuries can therefore be a complex process
requiring recruitment of specific adult stem cells in specific
locations. Evidence to date suggests that future treatment of
periodontal traumas may benefit from studies focusing on
stem cells.

Traumatized or lost periodontal ligament

The periodontal ligament is a specialized connective tissue
that connects cementum and alveolar bone to maintain and
support teeth in situ and preserve tissue homeostasis. The
prognosis of tooth regeneration depends on the extent and
nature of the trauma. When periodontal tissues are lost it is
important that PDL-derived progenitor cells are formed and
regenerate the PDL with associated cementum deposition
along the root in order to save the tooth.

Cases of acute injury to the PDL are represented by lux-
ation injuries, root fracture, alveolar bone fractures and
avulsions. It has been found that the healing of most of
these traumas is uneventful leading to regeneration of the
PDL within approximately two weeks (see Chapter 2).

In some instances where a significant part of the PDL has
been destroyed, root resorption may become a significant
problem. This relates especially to intrusive luxation and
avulsion with subsequent replantation.

Improved regeneration of lost periodontal tissue is a
major goal in traumatology. Animal experiments have
shown that the decisive factor in these cases is the survival,

or destruction, of the innermost layer of the PDL (cemen-
toblasts and possibly also the PDL cells next to the cemen-
toblast) (see Chapter 2). Although a number of treatment
approaches have been made using various chemical and
antibiotic procedures, these have so far not been able to
prevent establishment and progression of root resorption.
Strategies used to treat loss of periodontal support include
those that arrest the progression of periodontitis (100) and
reconstruct lost support with surgical approaches
(101–103). In the following a number of new assays will be
presented to cope with this problem.

Bone engineering

Several previous studies have focused on alveolar bone
regeneration. The formation of bone can be achieved by
several approaches. Many materials have been used: several
graft, derivatives and substitutes (104).

The biological bone reaction cascade during integration
of transplanted teeth or artificial implants in situ, can be
deconvoluted into three phases. First, osteconduction relies
on the migration of differentiating osteogenic cells to defect.
Second, bone formation, results in a mineralized matrix
equivalent to that seen in cement lines in natural bone
tissue. Third, bone remodeling will follow. Stimulation of
bone formation rather than just bone replacement is
dependent on several factors. Stem cells which will form the
bone are needed, as well as for a scaffold for them, a bony
bed, or they will resorb, and a blood supply, stability, con-
tinual micro-mechanical forces, and freedom from infection
(105).

Transplantation of bone marrow stromal cells (BMSC)
including osteogenic stem cells has been suggested as an
approach for reconstruction of craniofacial bone defects by
circumventing many of the limitations of auto- and allo-
grafting (3).

It is evident that, in order to make bone by using the
adherent stromal cells from bone marrow aspirates, it is nec-
essary to transplant the stem cells together with an organ-
ized framework to which they can adhere and proliferate
long enough to ensure differentiation and bone formation
(12). Skeletal stem cells can be isolated from a limited
volume of bone marrow and expanded in vitro and loaded
onto an appropriate carrier, and locally transplanted for
bone reconstruction. Successful bone engineering by using
stem cells has been shown in calvarial and long bones
models (1, 106–109). This procedure can result in effective
repair of critical size defects, which are larger than what can
be repaired by resident cells guided by an osteoconductive
device in the local environment (3).

Gene transfer may offer new possibilities by transducing
into cells from the host ex vivo before they are seeded onto
carriers and implanted in the host again. When the BMP-7
gene is transferred to dermal fibroblasts it has been shown
it is possible to stimulate healing of alveolar bone defects in
rats (110). The use of stem cells for regenerative therapy is
in development; however it has primarily been demon-
strated in animal models.
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PDL engineering

Regeneration of periodontal defects requires recruitment of
stem cell progenitors, which originally are developed from
the dental follicle (68). It has been proposed that, for new
cementum and attachment during periodontal regenera-
tion, the local environment must be conducive for the
recruitment and function of cementum-forming cells (111).
Studies have described that clonogenic cells isolated from
human periodontal ligament cementum can be expanded 
in vitro. Furthermore, these cells are capable of forming 
a cementum-like tissue, in contrast to bone stem cells which,
for example, make trabecular structures and hematopoietic
compartments when transplanted into immunocompro-
mized mice (14, 15).

Preliminary cell transplantation studies suggest trans-
planted PDL-derived stem cells (10) and cementoblasts (14,
15) can be used for cementum formation when transplanted
into immunocompromized mice with a carrier (10, 184). It
was shown cementoblasts can be used for repairing root
injuries (112).

Periodontal ligament stem cells were isolated by using the
stem and cell markers STRO-1 and CD146/MUC18 for acti-
vated cell sorting. The Gronthos group thereby demon-
strated stem-cell-like properties and the cells’ capacity to
generate a cementum/PDL-like structure after transplanta-
tion into immunocompromized mice (10).

Whether organization of bone, cementum and ligament
are also formed by stem cells from distinct tissues, or only
by pluripotent cells responding with plasticity to local envi-
ronmental cues, has not been verified. Distinguishing
between these possibilities has been difficult as cell specific
markers for labeling and distinction of cementoblast and
osteoblast precursors are lacking (12).

Developing and wounded periodontal tissues exhibit fun-
damental differences. The developing periodontium is gov-
erned by epithelial-mesenchymal signal interactions which
regulate specific cell populations in time and space. During
wound healing the cell fates are regulated by a vast array of
extracellular molecules that induce responses in the differ-
ent cell lineages and their precursors (68).

According to the concept of in situ tissue engineering the
use of a third generation resorbable and bioactive mem-
brane has been demonstrated in dogs. To regenerate peri-
odontal tissues, a sandwich membrane has been developed
that is composed of a collagen sponge scaffold and gelatin
microspheres containing basic fibroblast growth factor
(bFGF) in a controlled-release system.

New cementum was formed on the exposed root surface
at 4 weeks, and functional recovery of the periodontal liga-
ment was indicated in part by the perpendicular orientation
of regenerated collagen fibers. In the control group, epithe-
lial downgrowth and root resorption occurred and the
defects were filled with connective tissue (113). Thus, sand-
wich membrane with bioactive molecules may induce
regeneration of the periodontal tissues. Other studies have
shown that new bone formation is apparently affected by
rapid-release kinetics of bone morphogenetic proteins

(BMPs). In contrast, new cementum formation is promoted
by slow release of BMP (114).

W. V. Giannobile, M. J. Somerman and Q. Jin

Cementum engineering

Influence of amelogenins on cementogenesis

Periodontal regenerative therapies have focused tradition-
ally on regeneration of alveolar bone, with a paucity of
approaches targeted on cementum regeneration. Evidence to
date suggests that cementum regeneration is a key consider-
ation for designing predictable approaches to restore tooth-
supporting tissues (115). One strategy for promoting
periodontal tissue regeneration is to mimic the specific
events that occur during development of these tissues. In
this regard, some investigators have reported that epithelial
cells deposit enamel matrix-related proteins onto the root
surface prior to cementum formation, and that these pro-
teins trigger follicle cell differentiation toward a cemento-
blast phenotype and subsequently cementogenesis (116)
(Fig. 3.9). These findings, suggesting that epithelial-
mesenchymal interactions are required for cementum for-
mation, prompted the formation of a company to develop
an enamel matrix derivative (EMD) product for regenerat-
ing periodontal tissues (Straumann, Switzerland)
(117–119). Enamel matrix derivative (EMD) is predomi-
nately composed of amelogenin (90%), suggesting that the
role of enamel matrix derivative is realized mainly through
amelogenin. The results of amelogenin knock-out mice
show that without amelogenin, cementum will be resorbed.
However, caution must be used in interpreting the data,
since the weak enamel structure itself may activate osteo-
clasts during mastication (120). In addition, amelogenins
have been reported to regulate hard tissue forming markers:
osteocalcin and bone sialoprotein expression, as well as
osteoprotegerin, in cementoblasts (121). However, there are
differences between EMD and amelogenin responsiveness
(e.g. EMD promotes proliferation of mesenchymal cells, but
amelogenins do not), and thus, some of the clinical effects
of EMD may not be related to amelogenin. At the clinical
level, application of EMD improves periodontal tissue
regeneration (122).

In order to confirm that amelogenins have a direct effect
on mesenchymal cells, additional investigations are needed,
including identification of specific cell surface receptors
associated with amelogenin.

BMP and noggin

Bone morphogenetic proteins (BMP) are multifunctional
signaling molecules belonging to the transforming growth
factor-superfamily, which are involved in embryonic devel-
opment and bone formation and turnover in post-natal life
(122, 123).

The effects of BMPs represent both stimulation and inhi-
bition of dental tissue formation. Most BMP members have
the ability to induce ectopic bone formation (92). BMPs are
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differentially expressed during tooth development and peri-
odontal repair (124–126). BMP-2 triggers the differentiation
of dental follicle cells into cementoblasts or osteoblasts in
vitro (42). The expression of BMP-3 is seen in particular in
the dental follicle cells which give rise to cementoblasts
(124), especially cementoblasts close to epithelial cell rests of
Malassez continuing to express Msx2 (127). Moreover,
BMPs potently stimulate alveolar bone regeneration around
teeth, as well as initiate cementogenesis in periodontal
wounds (110, 128). Noggin is a BMP antagonist that binds
specific BMPs and prevents them docking to cognate recep-
tors (129). The BMP binding proteins including Noggin reg-
ulate the bioavailability of BMPs, and they may thereby
influence the development and regeneration of ligaments
and joints (130). Noggin plays an important role in tooth
development. For example, local application of noggin to
embryonic tooth bud explants transforms tooth type from
incisor teeth to molar teeth (36).

BMP-7 induces noggin expression in cementoblasts, PDL
fibroblasts, and osteoblasts, which suggests that there is a
feedback regulatory mechanism between BMP and its

antagonist (110, 131). Furthermore, sustained delivery of
noggin reduces cementogenesis in vivo (110, 131). The
complex BMP signaling pathways and feedback loops, and
also the threshold dependent action of BMPs, emphasize the
need for a balance between multiple factors for application
of BMPs in tissue engineering with a successful regeneration
of both soft or hard tissues.

Cell transplantation for cemental repair

In order to better understand the potential of cementum-
derived cells in the restoration of lost cemental support, cell
populations of dental follicle cells and cementoblasts have
been evaluated in a model of cementum and periodontal
regeneration (112, 133–134).

Using a periodontal defect model in rodents, periodontal
traumas were treated with transplanted cell lines of dental
follicle cells and cementoblasts (112) to determine the ability
to promote periodontal wound healing (Fig. 3.10). The
extent of bone and cementum regeneration and the gene
expression of mineral-associated bone sialoprotein and
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Fig. 3.9 Potential factors and cells regulating formation and regeneration of the periodontium. Appropriate development of the periodontium requires
a balance between formation of soft connective tissues, i.e. PDL, and hard connective tissues, i.e. bone and cementum. Periodontal tissue development
includes formation of the root/cementogenesis, supporting alveolar bone and PDL. Molecules suggested as keys for promoting formation/regeneration
of periodontal tissues include: a) amelogenin and/or amelogenin-like molecules secreted by surrounding epithelial cells that may promote follicle cells
to express genes linked with the cementoblast/osteoblast phenotype; b) BMPs: BMP-3, found in high concentrations within the follicle cell region, func-
tions as a negative regulator of mineralization, while BMP-2, -4 and -7 function as a positive regulator of mineralization promoting follicle cells to dif-
ferentiate along the cementoblast/osteoblast pathway; c) noggin, a negative regulator of BMP-2, -4 and -7 activity; d) Run¥2, a putative master switch,
may be important for promoting differentiation of follicle cells along a cementoblast/osteoblast pathway (Abbreviations: DF = dental follicle; ERS =
epithelial root sheath).
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osteocalcin were observed at early time points after the cell
therapy (112). The results showed that follicle cells failed to
restore periodontal bone and cementum support, while
cementoblast transplantation promoted both bone and early
cementum-like tissue formation (Fig. 3.11). Interestingly,
follicle cells negatively regulated healing versus sites with no
cells added, supporting the concept that cells within the local
periodontal environment secrete factors that inhibit mineral
formation. These findings suggest that mature cementoblast
populations can promote periodontal repair, while less dif-
ferentiated cells (i.e. dental follicle cells) require additional
triggers in order to promote mineral formation (135).

A variety of approaches have been undertaken to regen-
erate tooth root cementum with the goal that cementogen-
esis will promote further periodontal regeneration, i.e.
restoration of the cementum, alveolar bone and a functional
PDL. Continued studies focused on defining the key regula-
tors of cementogenesis will assist in designing predictable
regenerative therapies.

H. Løvschall and J. O. Andreasen

Pulp-dentin regeneration after trauma

The pulp must respond to a spectrum of traumatic events.
The character of the pulp-dentin healing response varies
according to the origin of the progenitor cells involved.

The early reparative responses include proliferation of
mesenchymal stem cells and formation of new blood vessels.
The formation of a granulation tissue provides a niche with
many vascular cells which allows for self-renewal of stem
cells and progenitors, an environment which putatively is
instructive in generation of the dental progeny (49).

During pulp-dentin repair, the tooth development
processes are somehow mimicked leading to focal deposi-
tion of reactionary and reparative dentin at injury sites. The
nature of these responses is determined in part by the extent
of tissue injury (136).

The mildest traumatic entity is represented by an uncom-
plicated crown or crown-root fracture which exposes dentin,
leading to various external stimuli through the dentinal
tubules (e.g. thermal, chemical). After some time bacteria
invasion into the dentinal tubules may increase the pulp
inflammation (see Chapter 2).

Deep to the pulp injury surviving odontoblasts respond
with deposition of reactionary dentin along the walls. In
such a situation we observe formation of a reactionary
dentin matrix with less tubular density than in the primary
dentin (Fig. 3.6).

If the odontoblast layer is damaged new secondary odon-
toblast-like cells are recruited from the bank of dentinogenic
stem cells precursors. The differentiation of odontoblasts is
characterized by a sequence of cytological and functional
changes which occur at each site in the pulp chamber
according to a specific pattern (137–139).

The new odontoblast-like cells secrete reparative dentine
and the prognosis of pulp vitality is influenced by the resid-
ual dentin thickness and the choice of restorative materials
(140). Secretion of matrix from the new generation of cells
implies a discontinuity in tubular structure with subsequent
reduction in dentin permeability.

In case of a complicated crown fracture, the pulp is exposed
and thereby directly exposed to the same stimuli as described
above. In these cases the optimal healing sequence is to
ensure a hard tissue closure of the exposure (see Chapter 2).

The cells responsible for the formation of this dentin
bridge have been described as mesenchymal cells located

Fig. 3.10 Cementum engineering of
cementum in vivo. This schematic 
representation demonstrates a method
for delivery of cells/scaffolds to sites 
of periodontal wound healing in a
rodent model. First, cells such as
cementoblasts are expanded in vitro,
followed by seeding in bioresorbable
polymer carriers and then transplanted
to alveolar bone wounds for quan-
titative assessment of periodontal 
regeneration. Adapted from ZHAO 
et al. (112) 2004.
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Fig. 3.11 Transplantation of cementoblasts promotes regeneration of cementum and bone, while dental follicle cell transplantation fails to restore peri-
odontal support. A and B. Polymer carrier (polylactic co-glycolide polymer) + dental follicle cells at 3 weeks. The defect contains polymer particles and 
fibrous tissue interspersed with numerous spindle-shaped and multinucleated cells. There is minimal evidence of new bone formation, except at the sur-
gical margin (original magnification A: ×4, B: ×10). C–F. Cementoblasts at 3 weeks. Newly formed mineralized tissue with numerous blood vessels is
observed filling the defect region and laterally beyond the envelope of the buccal plate of bone (dotted line in D). The newly formed mineralized tissue
merges with surrounding bone in some areas, but is separated from the root surface by a layer of connective tissue (white arrows in F) containing spindle-
shaped cells and small blood vessels (original magnification C: ×2, D: ×4, E: ×10, F: ×20). G and H: cementoblasts at 6 weeks. Newly formed mineralized
tissues fill the defect in a similar fashion to the 3-week specimens. A well-organized PDL region is now seen, with organized fibers connecting the root
surface and mineralized tissue. A thin layer of cementum-like tissue on the root surface is also seen (arrowheads in H). From ZHAO et al. (112) 2004.
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paravascularly that subsequently differentiate into odonto-
blasts (57, 141) (Fig. 3.7).

The first stem cell progenitors deposit an atubular denti-
nal matrix covered by cuboidal or polygonal preodonto-
blast-like cells. Some of the cells are embedded, as
osteocyte-like cells, in a dense mineralizing matrix called
osteodentin. Subsequently, a layer of tubular dentin is
deposited on top the osteodentin.

The tissue reactions to experimental pulp capping in
dogs’ teeth with calcium hydroxide have been summarized
in 4 stages: the exudative stage (1–5 days), the proliferative
stage (3–7 days), osteodentin formative stage (5–14 days),
and the tubular dentin formative stage (14 days and 
more) (142).

Several studies using a number of organ, explant, and cell-
culture methods have noted the ability of such cultures to
mineralize (143–146). The reason for the varying responses
has not yet been clarified.

In cases where the entrance to the exposure site is covered
with a suitable capping material (i.e. which limits or pre-
vents bacterial contamination), a hard tissue barrier is nor-
mally established (147–150).

It has been found that if an accidental exposure of the
pulp is left untreated over a period of 1 week the pulp tissue
can proliferate through the exposure site (151, 152).

In the case of a root fracture, the coronal part will suffer a
partial or total severance of the neurovascular supply 
which leads to ischemia and cell death in this region (see
Chapter 12).

The healing process moves coronally with vascular stem
cell progenitors, and eventually revascularization. If the pulp
becomes infected in its ischemic state, reparative angiogen-
esis is apparently permanently arrested and an inflammatory
cell infiltration separates infected tissue from ingrowing
apical tissue.

Finally in luxation injuries (eg. extrusion, lateral luxation
and intrusion), the neuro-vascular supply to the pulp is
totally severed and most of the populations in the pulp will
die after a few days. The ensuing ischemia affects all cells in
the pulp (see Chapter 12).

The outcome will be either pulpal revascularization or the
development of partial or total pulp necrosis, usually deter-
mined by the presence or bacteria in the injury zone. Both
trauma and bacterial infection stimulate release of pro-
inflammatory cytokines and activate inflammatory cell infil-
tration. Failure to resolve inflammation after wounding
leads to chronic nonhealing wounds (153), and the pulp
tissue responds with absence of hard tissue healing (see
Chapter 22).

The general feature of the pulp healing response is
replacement of damaged tissue with newly formed pulp
tissue. This can occur along the dentin wall if localized pulp
damage has been inflicted on the odontoblast layer, along an
amputation zone in the coronal part of the pulp, or as a
replacement of the major parts of the pulp tissue if it has
become necrotic because of ischemia (154).

During pulp repair, cells are able to proliferate, migrate,
and differentiate into pre-odontoblasts and odontoblasts

outside the specific temporo-spatial pattern of tooth devel-
opment, and in the absence of a developing epithelial
appendage from the oral ectoderm (49, 136). Local activa-
tion after pulp capping of stem cell regulating molecules
belonging to the Notch signaling pathway, indicate more cell
populations are involved (48, 155).

Further characterization of reparative angiogenesis and
dentinogenesis with clarification on the role of stem cell
populations during pulp healing, may help in utilization of
their potentials.

Experimental pulp cell transplantation

In recent studies adult stem cells have been isolated from
dental pulp (157) and expanded in vitro in order to examine
their behaviour after transplantation.

Transplantation of dental papilla from rodent or bovine
tissue may lead to ectopic dentin formation (52, 160). It was
observed that transplantation of developing human dental
papilla into immuncompromised mice failed to generate
mineralized dentin matrix or odontoblast-like cells (161,
162). However, when the human papillae (158) and also
FACS-isolated (STRO-1 and CD-146) (80) and cultured
adult dental pulp cells (79) were transplanted with a suitable
conductive carrier, such as hydroxyapatite/tricalcium phos-
phate particles, dentin formation was observed in vivo.

The dentin formation was characterized by a well-defined
layer of aligned odontoblast-like cells expressing the dentin-
specific protein dentin sialophosphoprotein (DSPP) with
their processes oriented in the same direction and extend-
ing into tubular structures within newly generated dentin
(79).

The data demonstrate that postnatal dental pulp contains
dentinogenic cells that are clonogenic, highly proliferative,
and capable of regenerating a tissue, properties that effec-
tively define them as stem cells (23).

The future research directions for designing regenerative
therapies include studies on stem cells in the pulp and their
associated signals which are instrumental in regulating their
behavior.

Bioactive molecules and pulpal stem cells

The identification of bio-active molecules, including growth
factors sequestered in the dentin matrix (163, 164), has given
new insight and opportunities for their exploitation in
dental treatments (77, 92, 163).

Trans-dentinal stimulation of tertiary dentinogenesis has
long been recognized. Release of bio-active components
from dentin matrix may arise during injury to the tissue, and
also during subsequent surgical intervention and restoration
of the tooth. Identification of bioactive components, includ-
ing TGF-beta, sequestered within dentin matrix provides 
a new explanation for cellular signaling during tertiary
dentinogenesis (165).

The understanding of the regulation of cell proliferation
and differentiation has increased, but we are far from being
able to apply specific cocktails of factors and stimulate cell
differentiation into specific pathways in vivo (166).
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Tissue injury leads to alterations in gene expression and
release of a range of cytokines including growth factors. The
cytokines are released as a signal network and they play
determinant and complex roles in regulation of cell pro-
liferation, migration and differentiation. In particular,
members of the FGF and TGFβ superfamily including BMPs
have been implicated in repair of dental hard tissues (92,
167–169). However, many growth factors and receptors spe-
cific for individual cell types are involved (170–172).

BMPs are growth and differentiation factors that can
stimulate the differentiation of stromal bone marrow stem
cells into osteoblasts, pulp cells into odontoblasts, and dental
follicle cells into cementoblasts (92).

Several studies have shown that growth factor rBMP-7
implantation markedly stimulates reparative dentin with
vascular inclusions (168, 169, 173), but fails in inflamed
pulps with pulpitis (174).

The mechanism whereby foregoing inflammation may
inhibit tissue repair (175, 176) and potentially influence
gene activity necessary for stem cell recruitment remains to
be elucidated.

Application of exogenous signaling molecules offers
opportunities for development of new therapies (136).
Stimulation of odontoblast differentiation and enhanced
reparative dentinogenesis has been observed after basic
fibroblast growth factor (bFGF) and TGFβ-1 implantation
(177), and insulin-like growth factor I (IGF-I) application
(178) (see Chapter 2).

Further studies are needed and a number of delivery 
considerations must be addressed before implantation of
pulp cells or bioactive molecules can be introduced into
clinical endodontic practice (136).

Small agarose beads that release bioactive molecules have
been used for stimulation of dental cells in vitro. Could they
be used for pulp capping in vivo, or triggering of the epithe-
lium to induce a new tooth?

H. Løvschall and J.O. Andreasen

Growing teeth

The challenge of restoring tissue lost through disease or
trauma will be with us for many years to come. Dental sci-
entists in the field of developmental biology throughout the
world provide the foundation upon which it is possible to
build future strategies for engineering human teeth. New
interesting advances have been made toward tissue engi-
neering of teeth (12, 179, 180, 181; Fig. 3.12).

Whole teeth are often found in ectopic teratomas, and 
it is noteworthy that they may have a normal shape and
structure (180).

Teeth were lost in birds 70–80 million years ago. However,
it has been shown that avian oral epithelium is able to ini-
tiate evidence of tooth formation in mouse mesenchymal
cells from the neural crest (181).

One tissue engineering group seeded cultured tooth germ
cells from pigs (182) or rats (5) on biodegradable scaffolds.

They were then implanted in the abdomen of rats in order
to generate tooth tissue (5). The cultured tooth bud 
cells were seeded on PGA or PLGA scaffolds where they 
generated dental-like tissues. Recognizable tooth struc-
tures formed that contained dentin, odontoblasts, a pulp
chamber, putative Hertwig’s root sheath epithelia, putative
cementoblasts, and a morphologically correct enamel organ
containing fully formed enamel. It was concluded that
tooth-tissue-engineering methods can be used to generate
porcine (182) and rat tooth tissues (5). The method was
suggested to have a potential for regeneration of human
dental tissues (5).

Another group has also been able to generate tooth-like
structures. Their approach was based on the ability of oral
epithelium to provide instructive information for initiation
of tooth development. They transplanted embryonic oral
epithelium to an ectopic site and in contact with non-dental
mesenchymal cells. Oral epithelium, in association with
uncommitted mesenchymal stem cells, thereby mimicked
developmental events leading to initiation of a tooth struc-
ture comprising enamel, dentin, and pulp, with a morpho-
logy resembling that of a natural tooth (6).

Recombinations between non-dental cell-derived mes-
enchyme and embryonic oral epithelium stimulate an odon-
togenic response in different stem cells. Embryonic stem
cells, neural stem cells, and adult bone-marrow-derived cells
all responded by expressing odontogenic genes. Transfer of
the tissue recombinations into adult renal capsules resulted
in the development of tooth structures and associated bone.
Moreover, transfer of embryonic tooth primordia into the

Fig. 3.12 Tooth buds isolated from mice embryos transplanted to the
mandible of adult mice has resulted in formation and eruption of a molar-
like tooth. From SHARPE et al. (188) 2005.
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adult jaw resulted in development of tooth structures. This
study shows that an embryonic primordium can develop in
its adult environment (6). Lately, transplanted stem cells
from mouse embryos that have been implanted into the jaws
of adult mice have resulted in the development of mature
teeth (188) (Fig. 3.12).

J. O. Andreasen and H. Løvschall

Implant/transplant teeth

In spite of the above mentioned promising animal experi-
ments, the prospects for the use of such techniques to create
a tooth graft to replace missing or lost teeth in children or
young adults seems far away due to a number of major
obstacles:

(1) How to recruit odontogenic stem cells that are accept-
able to the recipient.

(2) How to develop methods to control the composition
(enamel/dentin/cementum/pulp and PDL), shape and
color of the graft to fit the potential new recipient site.

(3) How to develop reliable transplantation procedures to
ensure optimal PDL and pulp healing.

(4) How to prevent the graft-versus-host response if stem
cells do not originate from the patient.

These considerations mean the whole idea of growing new
teeth needs to be rethought. Do we need enamel dentin and
pulp in those grafts? Can artificial materials such as porce-
lain, composite, hydroxyapatite or titanium be used to
replace these tissues? This would imply that only a PDL has
to be created and anchored on top of tooth replicas, i.e. a
hybrid tooth.

Experiments have shown that a new functioning PDL can
be regenerated on top of materials such as composite,
hydroxyapatite (185) and titanium (186) (Fig. 3.13). This

would simplify the tooth replacement procedure signifi-
cantly as tooth replicas can be made and then implanted
after PDL cells are attached to their surface. This naturally
raises the problem of where to get recipient-acceptable PDL
cells. Right now four approaches seem possible:

(1) Auto- or allografted adult stem cells altered to become
differentiated into PDL cells.

(2) PDL cells recruited from third molars.
(3) PDL cells from extracted persistent primary teeth

(canines or molars).
(4) Gingival PDL-programed cells removed with a biopsy

(187).

Future research may clarify which of these solutions has a
future for use in hybrid grafts used in growing individuals.

Essentials

New evidence from experimental animal studies focusing on
stem cells introduces a range of new possibilities for dental
tissue engineering. Tissue engineering is the manipulation
and development of molecules, cells, tissues and organs, to
replace or support the function of defective or injured body
parts. Tissue engineering is based on a triade of stem cells,
materials (carriers/scaffolds), and bioactive molecules. The
tissue engineering designs and approaches are endless, and
range from using conductive membranes to ex vivo con-
struction of root analogs or whole teeth.

When a stem cell divides, one ‘daughter’ cell has the
potential to remain a stem cell, while the other ‘daughter’
cell divides repeatedly giving a cell group which develops a
specialized function, such as a muscle cell, a red blood cell,
or a brain cell.

Embryonic stem cells are derived from the fertilized egg.
Embryonic stem cells can divide almost indefinitely and can

A B

Fig. 3.13 A. Human incisor with an apex covered with composite 3 years after surgery. The empty space represents the lumen after composite loss
during tissue preparation. Higher magnification shows deposition of cementum upon the composite and reformation of PDL fibers. From ANDREASEN
et al. (184) 1993. B. Implant placed next to a root in a monkey. The portion of the implant next to the root became covered with new cementum and
a new periodontal ligament. From BUSER et al. (186) 1990.
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give rise to every cell type in the body. They divide contin-
uously in tissue culture dishes in an incubator, but at the
same time they maintain the ability to generate any cell type
when placed into the correct environment to cause their 
differentiation.

Embryonic stem cells have great potential, but they are
more difficult to obtain. The use of embryonic stem cells
transplanted across natural boundaries of embryos, devel-
oping organs, age, and individuals, at the expense of the
donor, give important information from animal studies.
However, the application in humans raises ethical and legal
problems.

The organs contain stem cells that persist throughout
adult life and contribute to the maintenance and repair of
the organs. The adult stem cells have restricted developmen-
tal potential, in that their capacity for proliferation is limited
and they can give rise only to a few cell types. Regeneration
therapies targeting bioactivation of adult stem cells in the
organ and the neigboring tissue seem at present closer to
clinical implementation.

Adult stem cells are more available, but they have a limited
range of cell doublings and fates, and they may be affected
by aging. The risk of rejection is lowered when adult stem
cells are derived from the same patient. Adult stem cells have
been used with a carrier for dental tissue engineering in
transplantation animal models. Adult human stem cells
from bone marrow are quite easily obtained by aspiration,
and stem cells can also be collected from teeth pulp, PDL,
and bone samples. They can putatively be isolated and
expanded in vitro, or stimulated in situ. Stem cell therapy
based on transplantation is currently in its infancy.

Targeting stem cells in situ is closer to clinical implemen-
tation. Regeneration therapies targeting bioactivation of stem
cells in situ, rather than transplantation of stem cells ex vivo,
seem at present closer to being implemented in the clinic.

Bioactive molecules have had limited success due to prob-
lems of dosage, lack of full activity of recombinant factors,
and inability to sustain a factor’s presence for an appropri-
ate time.

Local gene-therapy is a new strategy. Development of local
gene transfer techniques, for example using ‘gene-
activating matrices’ may provide a second-generation of
transcription, growth, and differentiation factor therapy for
long-term stimulation of tissue regeneration.
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Osteoclast histogenesis

Roodman in 1996 (1) described bone resorption as a life-
long physiological process, initially involved with the
processes of growth and modelling and continuing as
remodelling of the mature skeleton. The main cellular agent
involved in the removal of bone has been identified as the
osteoclast, and extensive reviews, as well as entire books,
have been written on this unique cell (1–20). The osteoclast
is described as a large multinucleated cell usually containing
between 10 and 20 nuclei (21, 22) (Fig. 4.1).

The origin of osteoclasts

Kölliker, in 1873, is credited as the first to identify an asso-
ciation between the osteoclast and bone (23). It is currently
believed that this multinucleated cell is derived from the
pluripotential hemopoietic stem cell and remains the prin-
cipal cell involved in bone resorption (24).

Early reports suggested that osteoblasts possess the dual
capabilities of osteogenesis and bone resorption (2). This
impression was based on histological evidence of the close
relationship between osteoblasts and osteoclasts and it was
suggested that osteoblasts were mononuclear precursors
that coalesced to form the multinucleated osteoclasts (2).
Subsequent parabiotic research indicated that osteoclasts are
of haemopoietic origin (25–27). Additional experiments
again using parabiotic rats, one of which was exposed and
the other shielded from irradiation, demonstrated that
osteoclasts form in and are derived from bone marrow tissue
in the protected animal (28). This important finding has
been utilized in the management of infantile and juvenile
osteopetrosis by bone marrow transplantation (29). Further
transplantation studies using quail-chick chimeras revealed
that osteoclasts are host derived and clearly indicated that
osteoclast precursors are present in marrow, spleen and also
detectable in circulating peripheral blood (30).

While there is general agreement that osteoclasts form
from mononuclear cells of extraskeletal origin, debate exists
as to whether this originating stem cell is part of the
mononuclear phagocyte system (31). Circulating blood
monocytes have been shown to fuse and form osteoclasts in
tissue culture (32) and osteoclasts have differentiated from
proliferating bone marrow mononuclear phagocytes in vitro
(33). Whereas monocytes have been shown to be capable 
of causing bone resorption (34), transplantation studies
have revealed a bone marrow (35) and/or a splenic origin
for the osteoclast precursor (36). Surface antigens of
osteoclasts have been found to share certain determinants
with multinucleated giant cells and monocyte derived
macrophages (38).

Under experimental conditions using incubated mouse
and rat monocytes, macrophages, spleen and marrow 
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Fig. 4.1 Multinucleated osteoclast actively resorbing bone as seen by the
fuzzy bone-cell interface.
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hemopoietic cells as well as foreign body macrophages and
macrophage polykaryons, with UMR 106 osteoblast-like
cells on bone slices in the presence of 1,25-dihydroxyvita-
min D3 it was noted that numerous tartrate-resistant acid
phosphatase-positive cells formed in these co-cultures and
extensive lacunar resorption was observed on bone surfaces
(37). It was further reported that a bone-derived stromal cell
element was necessary for the differentiation of monocytes
and macrophages into osteoclast-like cells capable of bone
resorption and based on these findings it was suggested that
osteoclasts are members of the mononuclear phagocyte
system (38).

Osteoclast morphology

Bone biologists have described osteoclasts as large, multi-
nucleated cells found in resorption bays (Howship’s
lacunae) on the surface of bone (2, 23, 39, 40, 41). Under
high-power light microscopy, infoldings of the plasma
membrane termed ruffled borders are observed in close
contact with the hard tissue surface (Figs 4.2B, 4.3A). The
dramatic and revealing ultrastructural appearance of the

ruffled border was first described by Scott and Pease in 1956
(42) as a complex series of finger-like cytoplasmic folds and 
projections. The ruffled border appears to be the true
resorptive organ of the active osteoclast (43) and has been
further reported to be an ultrastructural feature not seen in
other giant cells (21, 43, 44). It is suggested that the ruffled
area is formed by the fusion of intracellular vesicles with
membranous proteins, matching those present in the osteo-
clast’s plasma membrane (43, 44). Furthermore it is sug-
gested that the ruffled border is a specialized form of
lysosomal membrane based on the localization of a
mannose-6-phosphate receptor and a lysosomal proton
pump (46). Another view has been that the ruffled border
proteins are more consistent with endosomal rather than
lysosomal membranes (46). Bone resorption and degrada-
tion of bone matrix has been found to occur in a resorptive
compartment beneath the ruffled border, as a result of the
cellular release of proteolytic enzymes and hydrogen ions
(45).

On either side of the ruffled border an organelle-free area
of cytoplasm (sealing zone) associated with a portion of cell
membrane is seen in intimate contact with the hard tissue
surface (Fig. 4.3B) (21, 22). It has been suggested that this
intimate contact creates a sealing zone which anchors the

A B

Fig. 4.2 A. Scanning electron microscopy of an actively resorbing osteoclast attached to a bone surface and surrounded by osteoblasts. The periphery
of the osteoclast consists of a fringe of filopodia. B. The TEM image was taken of undecalcified bone and shows the actively resorbing ruffled border as
at dark tree-like structure (dissolved hydroxyapatite crystallites) connecting the cell with the bone surface. It is surrounded by the sealing zone void of
cell organelles.

A B

Fig. 4.3 A. Detail from the ruffled border in a decalcified TEM-section showing plasma membrane foldings stretching towards the resorbed bone.
B. Detail demonstrating that the sealing zone is free of cell organelles and that it is microphilamentous. It attaches to the bone surface in focal points.
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osteoclast to bone via specific adhesion molecules collec-
tively termed integrins (47). This adhesion zone effectively
isolates the resorptive compartment from the extracellular
environment and in doing so creates a resorptive micro-
environment. The adjacent intracellular cytoplasmic clear
zone has been shown to contain actin-like filaments (β-
actinin, talin, vinculin) but is void of organelles (48).

The remaining cytoplasm of the osteoclast contains the
necessary intracellular organelles to fulfil its digestive func-
tions. An extensive endoplasmic reticulum involved in
protein (enzyme) synthesis in company with ribosomes,
occurring singly or as polyribosomes has been described
(22). Perinuclear Golgi bodies were identified for vesicle
production and numerous mitochondria provided the cell’s
energy requirements. Osteoclast mitochondria have been
found associated with adenosine triphosphatase (ATPase)
release as a by-product of the conversion of water and intra-
cellular carbon dioxide to H+ and HCO3

− ions under the cata-
lytic action of carbonic anhydrase II (47, 49). Numerous
intracellular vesicles have also been identified carrying secre-
tory products towards the ruffled border and in the trans-
cytotic process of moving bone dissolution products
through the cell towards the basolateral membrane for
excretion into the extracellular space (45, 46, 95). Apart from
a role in cell adhesion, the clear zone filaments are supposed
to act as intracellular guides for the vacuolar transcytotic
process (51). The multiple nuclei seen are not considered a
unique features of the osteoclast but the ruffled border and
intracellular organelles are what distinguish this cell from
other polykaryons.

Scanning electron microscopic studies have revealed the
complexity of the osteoclast’s plasma membrane (52, 53).
Prominent microvilli or pseudopodia are located over the
central portion of the cell and associated with excavation
cavities (Figs 4.3, 4.4). The osteoclasts appear to be con-
nected to adjacent cells and is suggested to be part of the for-
mation of a functional syncytium (53). Because of their
pseudopodia and observations using time-lapse video pho-
tography (54), osteoclasts have been reported to be highly
motile cells that contract when exposed to calcitonin or
prostaglandin E2 (55).

Odontoclast function

The process of bone resorption requires a series of events
leading from the differentiation and recruitment of
mononuclear osteoclast precursors, to their multinucleation
and attachment to the hard tissue surface, before the removal
of the inorganic and organic hard tissue components (4, 56,
57, 58). Many studies have identified the osteoblast as the
principal regulator of resorption (3, 14, 59, 60).

Osteoclasts have the capacity to digest mineralized matri-
ces such as bone, mineralized cartilage and dentine (61, 62)
(Figs 4.4, 4.5). An initial step in the sequence of events
leading to bone digestion is the formation of the osteoclast
from mononuclear progenitor cells from the monocyte
lineage (63). Fusion of the mononuclear precursors to form
osteoclasts at the site of resorption is followed by attachment

A B

Fig. 4.4 Odontoclasts in varying stages of resorbing activity on a dentine surface. A. Multinucleated odontoclasts surrounded by a mixed infiltrate of
inflammatory cells. B. Odontoclasts in an area of inflammatory root resorption.
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to the bony surface which is facilitated by membrane-bound
integrins and bone-associated proteins (64–66). Osteoblast-
derived collagenase (MMP-1) plays a prime role in facilitat-
ing osteoclast attachment by the degradation of surface
osteoid (67). Pretreatment of bone with mammalian colla-
genase predisposes surface tissue to osteoclastic resorption
which has led to the concept that the layer of osteoid acts as
a protective barrier against osteoclastic contact with the
underlying, resorption-stimulating bone mineral (67). In
between episodes of resorption it has been shown that the
surface of bone is largely covered by a layer of non-miner-
alized collagen fibrils which have the effect of making bone
resistant to osteoclastic attack (68). In addition, it has been
shown that cells isolated from the tissues in close apposition
to bone and subsequently seeded on to bone slices possess
the capacity to render the mineralized surface accessible to
osteoclasts. It was concluded that bone needs to be cleared
of non-mineralized collagen prior to osteoclastic attack (67,
69), and further, that bone-tissue derived osteoblast-like 
cells have the capacity to strip the surface of bone of its 
collagenous fringe (70). It has furthermore been suggested
that osteoblasts are responsible for the removal of non-
mineralized collagen and, further, indicated that collagen
elimination depends on the activity of matrix metallopro-
teinases (MMP) which are manufactured and secreted by
the osteoblast (71, 72).

Further evidence for implicating the involvement of
osteoblasts in the initiation of bone resorption has been that
the incubation of osteoblast-like cells with parathyroid

hormone (PTH) results in a decreased amount of non-
mineralized collagen (62, 73). It has been established that
PTH stimulates the breakdown of the investing collagenous
layer by increasing the activity of PTH-sensitive cells such as
the osteoblast, and possibly the fibroblast.

Enzymes other than MMPs, of which collagenase is a
member, are possibly also involved in bone resorption. The
cysteine proteinases (cathepsins K, B and L) have been shown
to play a crucial role in the digestion of phagocytosed 
fibrillar collagen (74). Both MMPs and cysteine proteinases
have been found to mediate pathophysiological bone resorp-
tion, a phenomenon depending upon the environmental pH
(75). Delaissé et al. (76) reviewed the various proteinases
involved in bone resorption and indicated that they may be
of importance in determining the site of bone resorption and
possibly whether bone formation will eventuate.

Osteoclast recruitment

The determining factors governing sites of resorption are
largely unknown, as are the factors guiding osteoclast 
precursors to resorptive sites (43). It has been suggested 
that complement mediates the recruitment of mononuclear
osteoclasts and also macrophage inflammatory protein-1a
plays an attracting role (77, 78). Osteoclasts are seen in the
vicinity of osteoblasts producing macrophage inflammatory
protein-1α which has lead to the concept that this
chemokine is involved in haemopoiesis as well as bone
remodeling (78). Alternatively, it has been suggested that

A B

C D

Fig. 4.5 Odontoclasts in progressive stages of attachment. A and B show polarization including formation of a ruffled border. C shows formation of a
sealing zone. D shows a resorption lacuna after an odontoclast has detached. The mineral has been dissolved exposing the collagenous matrix.
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human osteogenic protein-1, in combination with 1,25-
dihydroxyvitamin D3 has a profound effect on osteoblastic
growth as well as the recruitment of osteoclasts as judged by
vitronectin receptor and carbonic anhydrase activity (79).
Proteinase inhibitors have been used to show that MMPs
play a major role in determining where and when osteoclasts
attack bone (80). Importantly, tumor necrosis factor recep-
tors types 1 and 2 are found to differentially regulate osteo-
clastogenesis (81) while interleukin-1 and tumor necrosis
factor, by stimulating the inflammatory process, lead to
osteoclast recruitment and bone resorption (82). Osteoclast
recruitment has also been found to occur at sites of peri-
odontal ligament compression as a result of orthodontic
tooth movement due to the likely release of local mediators
(83). Osteoclast recruitment appears to be related to local
factors (84) which are governed by hormonal, cytokine,
growth and colony-stimulating factor interaction (11).
Once at a site of resorption, a complex multistep series of
events occurs, representing osteoclast attachment and 
polarization, the formation of a sealing zone followed by
active bone resorption, and finally cell detachment and
death (85).

Osteoclast attachment

The physical intimacy between the osteoclast and bone is
considered essential in order to create and isolate an acidic
extracellular resorptive microenvironment (51). The most
striking and unique feature of the osteoclast cytoskeleton is
found at the site of cell contact with the substratum (12).
These specialized sealing areas appear as a prominent
peripheral ring of filaments containing F-actin, orientated
parallel to the plane of the substrate (12). In addition,
numerous punctate structures of F-actin filaments orien-
tated perpendicular to the substratum have been described
and termed podosomes (48). These podosomes occur in cells
of monocytic origin and also in cells that have been trans-
formed by src, fps and abl oncogenes (86). Furthermore, it
has been indicated that podosomes contain other proteins
which have been associated with sites of cell-substratum 
and cell-cell interaction. These were spatially described as
rosette structures surrounding podosome cores (91). Also
several tyrosine kinases and substrates localized to focal
adhesions and to the sealing zone in osteoclasts have been
identified (91).

A dynamic view of the attachment of osteoclasts to bone
matrix was provided by Kanehisa et al. (87) who described
highly motile cells with few podosomes located mainly at the
cell’s leading edge. Upon osteoclast attraction and attach-
ment an increase in the number of podosomes has been
found arranged in a peripheral ring (64, 87). The establish-
ment of this seal results in the replacement of the punctate
podosomes by two concentric protein rings of vinculin and
talin that surround a central zone of F-actin. It is suggested
that these observations provided a distinction in time and
in specific cell-matrix interactions between a motile cell and
one that stops at a prospective bone-resorbing site (12).

The mediation of cell-substratum interaction at the 
interface between the osteoclast and bone is facilitated by

proteins of the integrin family (12). Integrins have been
described as heterodimeric molecules containing α and β
subunits which, when combined, have specific, receptor-like,
extracellular binding sites that recognize the Arginyl-Glycyl-
Aspartyl (RGD) sequence (88). It has been ascertained that
the RGD sequence represents a core ligand for all members
of the integrin family and, furthermore, found that the
amino acid sequence surrounding this motif determined
which integrin would recognize and bind to a specific matrix
protein (89).

Osteoclasts appear to express multiple integrin proteins,
some of which are involved in cell adhesion to bone matrix
(88). Several RGD-bone matrix proteins have been iden-
tified, of which collagen type I, osteopontin, and bone 
sialoprotein are the most likely candidates to fill the 
integrin-binding role (90, 91). The important use of inte-
grins in osteoclast attachment and function has been
demonstrated in the way that several RGD-containing pro-
teins inhibit bone resorption in vitro and in vivo (92).

Osteoclast polarization

Osteoclasts show organization of their cytoplasmic elements
during resorptive activation (85, 93). They become more
highly polarized via changes in their plasma membrane
morphology (43, 94) with the sealing area of cell attachment
to bone separating the ruffled border and the basolateral
membrane into distinct basal membrane specializations
(Fig. 4.5). It appears that there are at least two functionally
different basal membrane domains and the intervening
central area is postulated to be involved with the transcytotic
movement of degraded bone products (50). Both organic
and inorganic bone degradation products are transported in
vesicles through the osteoclast and liberated into the extra-
cellular environment via the specialized and polarized basal
membrane area (95). Transcytosis of proteins liberated from 
mineralized matrix to the basolateral membrane for 
extracellular release has been reported (96, 97). An intracel-
lular polarization of organelles which accumulated adjacent
to the basolateral region of the cell away from the ruffled
border and sealing zone has also been found (98). These
polarized organelles synthesized the lysosomal enzymes and
vesicles for vectorial transport towards the resorptive 
compartment.

Dissolution of bone mineral

The crystalline salts comprising the inorganic component of
bone are calcium and phosphate in the form of hydroxyap-
atite (99) (Fig. 4.2B). It appears that osteoclasts degrade
bone mineral and collagen with temporal asynchrony sug-
gesting that the inorganic phase is removed prior to col-
lagenolysis (100). Bone mineral dissolves in a low pH
environment and the acidic nature of the resorptive lacunae
has been demonstrated (101, 102). Furthermore, the ruffled
border of actively resorbing osteoclasts contains a vacuolar-
type of proton pump involved in the acidification of the
resorptive compartment (103). Protons appears to be
pumped across the ruffled border into the sealed extracellu-
lar microenvironment via a complex ionic-balance process
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requiring co-ordinated electrogenic ion pumps, ion chan-
nels and electroneutral ion exchangers to maintain cyto-
plasmic pH (12). In addition to protons, the ruffled border
plasma membrane expresses chloride channels that are an
essential requirement of the acidification process (50, 91).

A series of intracellular processes have been shown to
produce the protons for exchange (51). Cytosolic hydration
of carbon dioxide to carbonic acid is catalysed by mito-
chondrial carbonic anhydrase II (104, 105). This is followed
by dissociation of carbonic acid to produce protons and
bicarbonate ions. The protons are secreted into the resorp-
tion lacunae in an energy-dependent manner while at the
basolateral surface opposite the resorbing zone, the bicar-
bonate ions are exchanged for chloride ions to maintain
homeostasis (90, 91). In addition, intracellular pH recovery
is assisted by a Na+-H+ exchange process (106).

The osteoclast appears to be similar to acid-secreting
epithelial cells found in other areas of the body such as the
gastrointestinal tract and the kidney (45). However, subtle
differences in vacuolar-type ATPases in chicken osteoclasts
compared with kidney intercalated epithelial cells have been
found suggesting that the osteoclast proton pump is phar-
macologically unique (107).

Removal of organic matrix

The organic matrix of bone consists predominantly of type
I collagen and non-collagenous matrix components com-
prising structural glycoproteins, proteoglycans and specific
bone-related proteins (99, 108). The organic matrix has been
found to contain numerous growth factors which provide
bone with a remarkable ability to repair and regenerate itself
(109). In contrast, dentine contains type I as well as a small
percentage of type III collagen. Matrix components of
dentin include glycoproteins and proteoglycans of a similar
nature but not identical with those of bone (110). An 
odontoblast-produced phosphoprotein and dentine sialo-
protein appear to be specific for dentine (111). Cementum
also has a similar organic composition compared with bone
but an adhesion molecule and a growth factor possibly
remain unique to this material (112).

Removal of matrix proteins is presently far from clear but
several major classes of lysosomal proteolytic enzymes are
likely to be involved (43). These enzymes can be divided into
four groups; namely, matrix metalloproteinases (MMPs) 
and serine, cysteine and aspartic proteinases (109). MMPs 
are qualitatively and quantitatively the most important,
because they function at neutral pH and are apparently
capable of digesting all of the bone matrix proteins (109).
Biochemical and clonal studies where MMPs were sub-
grouped into collagenases, gelatinases and stromelysins,
found all were active on matrix components working syn-
ergistically and with broad specificity (115).

The presence of collagenase in rat osteoclasts and in their
resorption lacunae has been shown using immunohisto-
chemistry (113) and it has been shown that odontoclasts are
capable of expressing mRNA for collagenase (115). However,
this finding was not supported in another study despite its

presence in other bone cells (116). Furthermore, MMP-2
and MMP-3 are not found in osteoclasts, and MMP-9 is pos-
sibly expressed at mRNA and protein levels, but not in the
resorption lacunae (117, 118). MMP-9 has been found to be
as an enzyme localized exclusively in osteoclasts and per-
haps involved in the degradation of bone collagen below the
ruffled border in concert with cysteine proteinases (118).
Multinucleated giant cells from osteoclastomas and osteo-
clasts from patients with Paget’s disease have also been
reported to have high levels of MMP-9 activity (119). MMP-
9 has been found to be expressed early in osteoclastic 
differentiation (1).

Cysteine proteinases (cathepsins/caspases) appear to be
able to degrade type I collagen in an acidic environment in
the process of bone resorption (120). A number of cysteine
proteinases have been found in intracellular lysosomes
located in osteoclasts as well as in their resorption lacunae
(122, 123, 131). Cathepsin B1 degrades collagen in solution
at an optimal pH of 4.5–5.0 and also degrades insoluble col-
lagen at a pH lower than 4 (124). In addition, collagen degra-
dation by cathepsin L is five times faster at a pH of 3.5
compared with higher pH levels and its specific activity is
five to ten times greater than that of cathepsin B (122). These
enzymes participate directly and effectively in the degrada-
tion of bone matrix (125, 126). The cysteine protease
inhibitors reduce resorption pit formation by osteoclasts in
a concentration-dependent manner. The inhibition of
resorption by other cysteine proteinase inhibitors provides
direct evidence for the importance of these enzymes in bone
resorption where they are able to function in the acidic
microenvironment beneath the osteoclast where neutral col-
lagenases (MMPs) cannot (109, 127, 128).

Cathepsin L has been suggested to be the main cysteine
proteinase responsible for bone collagen degradation since
the epoxysuccinyl peptide inhibitor, CA074, specific for the
inactivation of cathepsin B, fails to inhibit bone resorp-
tion (129).

More recently, cloned human cysteine proteinase (cathep-
sin K) has been shown to be predominantly expressed in
osteoclasts, although not exclusively (130, 131). Further-
more, cathepsins B, D, L and K appears important in the
breakdown of extracellular matrix during osteoclastic bone
resorption and therefore possible markers for resorptive
activity (131).

Removal of degradation products

Breakdown products from the resorptive process need to be
continuously removed from the extracellular resorptive
compartment (43). As there is no experimental evidence to
support leakage of material through the sealing zone, it is
suggested that vesicular transcytotic passage through the
osteoclast is the most likely pathway. Confocal microscopic
analysis has been used to show that released matrix proteins,
including degraded type I collagen, are endocytosed along
the ruffled border and transcytosed through the osteoclast
to the basolateral membrane (96). Earlier ultrastructural
studies suggested that bone mineral may be phagocytosed
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by osteoclasts and subsequently removed in the low pH of
lysosomes as degradation products are transcytosed (184).
Bone degradation products, both organic and inorganic,
appear to be transported in vesicles through the cell to the
middle of the basolateral membrane domain where they are
released into the extracellular space (95). It is suggested that
the osteoclast is similar to epithelial cells in this metabolite
transport mechanism but that the process is significantly
more complicated and the endocytic and exocytic processes
are dissimilar to those previously encountered in other cell
types and require a specialized area of the osteoclast baso-
lateral membrane (97).

The fate of osteoclasts

Osteoclasts appear to be are able to pass through more than
one resorption cycle but their fate is uncertain once resorp-

tion had ceased (132). Apparently, a mechanism exists to
remove or destroy multinucleated cells in situ (43). The
effects of bisphosphonates in vitro and in vivo have revealed
a 4- to 24-fold increase in the number of apoptotic osteo-
clasts (133). This has led to the suggestion that osteoclasts,
formed by the aggregation of mononuclear cells rather than
by mitosis, are removed by apoptosis.

Regulation of osteoclast activity

The majority of regulatory factors operate via surface recep-
tors located on osteoblasts whereas few act directly on osteo-
clasts. Extensive reviews have been written (6, 14, 20, 84,
134–138). A summary of regulatory factors involved in clast
cell activity is presented in Table 4.1 (139–178). These

Table 4.1 Stimulatory and inhibitory factors associated with osteoclast activity.

Substance Stimulatory Inhibitory

Hormones
Amylin + Alam et al. (1993) (139)
Androgens + Bellido et al. (1995) (140)
Calcitonin + Zaidi et al. (1991) (141)
Calcitonin gene-related peptide + Alam et al. (1991) (142)
Glucocorticoids + Delany et al. (1994) (143)
Oestrogen + Oursler et al. (1993) (141)
Parathyroid hormone + Talmage (1967) (145)
PTHrP + Moseley and Gillespie (1995) (146)
Thyroid hormone + Mundy et al. (1979) (147)
1,25(OH)2 vitamin D3 + Reichel et al. (1989) (148)

Cytokines and growth factors
Bone morphogenic proteins, BMP + Udagawa (2002) (149)
Colony stimulating factors, CSF-1 + Hattersley et al. (1991) (150)
Endothelin-1 + Tarquini et al. (1998) (151)
Epidermal growth factor, EGF + Tashjian et al. (1986) (152)
Fibroblast growth factor, FGF + + Shen et al. (1989) (153)

Chikazu et al. (2001) (154)
Granulocyte macrophage colony stimulating factor, GM-CSF + Kurihara et al. (1989) (155)
Insulin-like growth factor, IGF-1 + Mochizuki et al. (1992) (156)
Interferon-γ, IF-γ + Gowen et al. (1986) (157)
Interleukin-1, IL-1 + Lorenzo et al. (1987) (158)
Interleukin-4 + Shioni et al. (1991) (159)
Interleukin-6 + Peters et al. (1996) (160)
Interleukin-8 + Fuller et al. (1995) (161)
Interleukin-10 + Burger and Dayer (1995) (162)
Interleukin-11 + Manolagas and Jilka (1995) (163)
Interleukin-18 + Udagawa et al. (1997) (164)
Kinins + Lerner et al. (1987) (165)
Macrophage inflammatory protein 1-α, MIP-1α + Choi et al. (2000) (166)
Nitric oxide + MacIntyre et al. (1991) (167)
Platelet-derived growth factor, PDGF + Canalis et al. (1989) (168)
Prostaglandins + Akatsu et al. (1991) (169)
Transforming growth factor alpha, TGF-α + Tashjian et al. (1986) (152)
Tissue inhibitors of metalloproteinases, TIMP + Sobue et al. (2001) (170)
Transforming growth factor β, TGF-β + Udagawa (2002) (149)
Tumor necrosis factor α, TNF-α + Kobayashi et al. (2000) (171)
Tumor necrosis factor β, TNF-β + Bertolini et al. (1986) (172)
Substance P + Lotz et al. (1988) (173)
Vasoactive intestinal peptide, VIP + Hohmann et al. (1983) (174)

Pharmaceuticals
Bisphosphonates + Fleisch et al. (1969) (175)
Corticosteroids + Pierce et al. (1987, 1988, 1989) (176, 177, 178)
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include factors important in physiological bone resorption
as well as those produced by an inflammatory reaction sub-
sequent to mechanical injury or infection (see Effects on
osteoclasts of chemical mediators of inflammation p. 148).

Of interest in a therapeutic context is that Pierce and
Lindskog provided evidence for direct inhibition of inflam-
matory root resorption by the use of corticosteroids. The
culture of isolated dentinoclasts with a steroid paste inhib-
ited cell spreading which suggested that the intrapulpal in
vivo application of a steriod paste could arrest inflammatory
root resorption by the detachment of dentinoclasts from 

the root surface, provided the pathogenic bacteria are 
eliminated (176).

Recent literature has described a newly discovered regu-
lator of clast cell activity termed osteoclast differentiation
factor/osteoprotegerin ligand (ODF/OPGL/RANKL) and 
its antagonist osteoprotegerin/osteoclast inhibitory factor
(OPG/OCIF). Hofbauer et al. (136, 179, 180) indicated that
many of the above-listed regulatory factors operate via stim-
ulation of the RANKL/OPG system. A schematic diagram of
the RANKL/RANK/OPG interaction between osteoblasts/
stromal cells and osteoclasts appears in Figs 4.6–4.8. Its dis-

Fig. 4.6 Activation of the ODF/
OPGL/RANKL system. Osteoclastogen-
esis is the result of differentiation of
mononuclear/macrophage progenitor
cells (MP) and fusion of these cells to
become osteoclasts. The commitment
of these cells to become osteoclasts
depends on the activation of the RANK
receptors on the surface of RANKL,
which is produced by stroma cells and
osteoblasts (OB). A and B. RANKL is
liberated into the tissue and attaches
to the receptors of the mononu-
clear/macrophage progenitor cells. C.
Mononuclear/macrophage cells aggre-
gate, fuse and form osteoclasts (D).
Proresorptive factors are hormones
and cytokines such as PTH,
1,25(OH)2D3, IL-1, IL-6, TNF, LIF and
corticosteroids, which activate osteo-
blasts and stroma cells to produce
RANKL and depress OPG.
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covery and implications for other systems in the body such
as the immune system is described below. In summary, it
provides a link between the osteoblast/stromal cells in the
bone marrow and the osteoclast precursor cells. The
dependence of osteoclast formation on osteoblasts/stromal
cells has been recognized for a long time but the details are
largely unknown. Stimulation of osteoblasts/stromal cells
with, for example, PTH results in release of M-CSF
(macrophage-colony stimulation factor) thus increasing the
locally available number of osteoclast precursor cells (MP)
derived from hematopoetic stem cells (Fig. 4.6A).
Concomitantly, RANKL is expressed on the surface of
osteoblasts/stromal cells, a ligand which in turn activates the
RANK receptor on the surface of the osteoclast precursor
cells (Fig. 4.6B). This direct contact stimulates the cell to dif-

ferentiate into osteoclasts (Fig. 4.6C, D). OPG is a soluble
receptor which is secreted by osteoblasts/stromal cells and is
capable of inhibiting RANKL from interacting with 
RANK thus regulating osteoclast formation in an autocrine
manner through the osteoblasts/stromal cells. Resorption
stimulants such as PTH, vitamin D3 and IL-1 inhibit 
formation and release of OPG and stimulate expression 
of RANKL. In this context, IL-1 is one of the most 
important links between inflammation and resorption of
bone and dental tissues as seen in traumatic injuries to the
teeth.

Antiresorptive factors such as estrogen, calcitonin, IL-17,
PGDF and calcium depress RANKL production and activate
OPG leading to a block in osteoclastogenesis and decreased
survival of osteoclasts (Fig. 4.7).

Fig. 4.7 Inactivation of the OPG/OCIF
system. Anti-resorptive factors such as
estrogens, calcitonin, BMP, TGF-β, IL-
17, PDGF and calcium depress RANKL
production by osteoblasts and stroma
cells and activate their OPG production
(A–C). OPG binds and neutralizes
RANKL (D), leading to a block in osteo-
clastogenesis and decreased survival
of osteoclasts.
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In periodontal inflammatory processes (marginal or peri-
apical) a number of activators are released (Figs 4.8A–C)
which result in osteoclast induction and activation 
(Fig. 4.8D).

Identification of osteoclasts and
odontoclasts

Apart from the uniqueness of the calcitonin receptor (181),
traditional methods of osteoclast identification have relied
on enzyme histochemistry and immunolabelling to distin-
guish this cell from other multinucleated giant cells (13).
Although possessing unique morphological differences, it

has been reported that osteoclasts contain a number of phe-
notypic features that enable their detection (206).

The cells implicated in root resorption have been identi-
fied as clastic in nature since they are large, multinucleated
and possess properties similar to the osteoclast (182).
Based on the identification of the osteoclast and odontoclast
cell types as both resorptive, located in Howship’s lacunae
and possessing similar cytological features, Jones and Boyd
(183) and Pierce (184) have stated that there is no reason to
believe that the cell type differ except in their relative sub-
strata (Figs 4.4 and 4.5). These authors reported that multi-
nucleated odontoclasts are polarized with respect to dental
tissues and possess a ruffled border within an annular 
clear zone that is closely adherent to mineralized tissues 

Fig 4.8 Activation of the ODF/OPGL/RANKL system by periodontal inflammatory processes. In periodontal inflammatory processes leading to root and
bone resorption RANKL is produced by T-cells (TC), gingival fibroblasts/PDL cells (FI) and osteoblasts (OB), whereby osteoclasts are induced and acti-
vated, attacking root or bone substances. Furthermore, polymorph nuclear leukocytes (PM) release pro-inflammatory substances (cytokines, kinins, throm-
bin and prostaglandins), illustrated as black triangles, which activate PDL cells and osteoblasts to produce RANKL (arrow). An activation also occurs on
the T-cells (arrow).
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(Fig. 4.5). It has been found that odontoclasts are capable of
having two ruffled border areas that resorbed bone and tooth
surfaces simultaneously (185). Accordingly, Jones and Boyd
suggested that if an odontoclast was defined as an eukaryotic
cell that is capable of resorbing mineralized dental tissues,
‘osteoclasts became odontoclasts with alacrity’ (183).

Odontoclasts have been isolated from rat molars and cul-
tured successfully (186, 187). It has been shown that the
odontoclastic tooth resorption in vitro may be controlled by
the early administration of calcitonin and prednisolone or
exacerbated by the introduction of hydrocortisone (176,
178). Scanning electron microscope evidence indicates that
both substances inhibit odontoclast spreading and attach-
ment and hence resorption. It is considered that the direct
effect of steroids on resorption is one of inhibition but that
local secondary effects might moderate a systemic in vivo
effect (178).

Odontoclasts appear to spread and colonize surface
dentine in a time-related fashion (Fig. 4.8). Scanning 
electronmicroscopy at predetermined time intervals has
determined that dentinoclasts follow a general pattern of
attachment and spreading on solid substrata (187).

In a comparative study by Addison (188) the enzyme his-
tochemical characteristics of human and kitten odontoclasts
and osteoclasts were studied. Enzyme profiles suggested that
odontoclasts have similar properties and metabolic func-
tions to those of osteoclasts and that species differences
appear to be minor (188). In a later study, Addison (189)
described the effects of low dose PTH on feline odontoclasts
and, in particular, on the number of odontoclast nuclei.
PTH administered intravenously was found to have a 
dramatic and almost instantaneous effect on increasing
numbers of nuclei.

Earlier ultrastructural studies examined the effects of
PTH on both the fine structure of odontoclasts and on their
acid phosphatase activity (190). It has been found that active
odontoclasts possess cytoplasmic processes that enter denti-
nal tubules, and that acid phosphatase is present both intra-
and extra-cellularly (190). Subcutaneous administration 
of PTH has been found to increase the number of
extracellular dense bodies showing acid phosphatase activ-
ity but did not appear to influence intracellular phosphatase
activity (190). The identification of odontoclasts might
therefore be possible by the localization of certain plasma
proteins. By using immunofluorescent staining it has been
possible to demonstrate albumin, α-antitrypsin, α2-HS gly-
coprotein, transferrin and several immunoglobulins in the
cytoplasm of odontoclasts and also within human dentine
(115).

Odontoclast research has mainly utilized the physiological
resorption of deciduous teeth as an experimental model.
Matsuda (191) conducted an ultrastructural and cytochemi-
cal study of odontoclasts gathered from trypsin-treated
dentine and cemental surfaces and showed extensive ruffled
borders along with multiple phagosomes containing tannic-
acid stainable amorphous inclusions (191). It was further
noted that odontoclasts did not phagocytose collagen fibrils
but they exhibited acid phosphatase activity. These observa-

tions have led to the conclusion that odontoclasts resorb the
non-collagenous component of the dental organic matrix via
the release of hydrolytic enzymes and have the capacity to
demineralize hard tissue by H+- K+-ATPase activity (191).

Sahara et al. (192), employing a similar model, expanded
Matsuda’s study (191) and reported that odontoclasts are
capable of resorbing the superficial non-mineralized layer of
predentine. Light and electron microscopy indicated that, as
root resorption was nearing completion, multinucleated
cells were observed between degenerative osteoblasts on the
predentine surface of the coronal dentine. These cells had
the same ultrastructural characteristics as odontoclasts 
and excavated resorption lacunae in the non-mineralized
dentine. In addition, histochemical demonstration of
tartrate-resistant acid phosphatase activity revealed intense
staining in intracellular lysosomes. It was concluded that
multinucleated odontoclasts are capable of resorbing non-
mineralized predentine matrix in vivo, probably in a similar
fashion to the manner in which they resorb demineralized
dentine matrix (192).

Collagenase mRNA expression has been identified in
odontoclasts, macrophages, fibroblasts, odontoblasts and
cementoblasts around bovine resorbing tooth roots. In addi-
tion, TRAP activity and interleukin-1 mRNA expression was
also observed in odontoclasts, fibroblasts and macrophages
indicating that odontoclasts might play a role in dentine col-
lagen degradation and that interleukins could be an impor-
tant factor in promoting root resorption (115).

Cathepsins B and G have been demonstrated in lyso-
somes, vacuoles and within the extracellular channels of the
ruffled border in odontoclasts (193). The presence of these
proteolytic enzymes suggest that they are of prime impor-
tance in the intra- or extra-cellular degradation of collagen
and other non-collagenous matrix proteins in the resorption
of deciduous teeth.

Histological and histochemical observations of deciduous
teeth have demonstrated that odontoclastic resorption
usually occurs at the pulpal surface of coronal dentine, and in
a specific time-related pattern. During physiological root
resorption, coronal pulpal tissue retains its normal structure
until root loss is almost complete. Multinucleated odonto-
clastic resorption appears to proceed from predentine to
dentine on the pulpal surface at the cervical areas of the
crown before spreading towards the pulp horns (194).

The cytodifferentiation of odontoclasts during root
resorption has been studied in a light and electron 
microscopic study. Odontoclasts differentiated from TRAP-
positive mononuclear cells which were presumed to originate
from circulating progenitors. Ruffled borders, clear cytoplas-
mic zones and multinucleation occurred only after contact
with the substrate surface (195). Odontoclasts appear to
resorb predentine before dentine and it is suggested that the
processes are similar to those responsible for the resorption
of bone. It was also noted that the end of the resorptive
process was characterized by loss of the odontoclast ruffled
border and detachment from the resorbed surface (195).

Resorption at the cemento-enamel junction in feline 
teeth has been examined using specific antibodies and
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immunohistochemical analyses to localize adhesion mole-
cules associated with mineralized tissues. Osteoclast/odon-
toclast numbers were found to increase in resorptive lesions,
bone sialoprotein (BSP) and osteopontin (OPN) were iden-
tified in tissues, and a complementary clast cell surface
receptor (integrin αv β3) was linked to these molecules (197).
OPN was found localized to resorption fronts and reversal
lines whereas BSP was localized to reversal lines only. Odon-
toclasts were found in juxtaposition to mineralized surfaces
not associated with OPN and the cell surface integrin recep-
tor, αvβ3, was localized to odontoclastic surfaces. It was con-
cluded that this integrin receptor is involved in the
resorptive process and facilitates the attachment of clastic
cells to their substrate (197).

In conclusion, based on morphological and functional
similarities between odontoclasts or dentinoclasts and
osteoclasts there is every reason to believe that factors regu-
lating osteoclast activity under normal physiological as well
as pathological conditions also regulate resorption of teeth
following traumatic injuries whether accompanied by infec-
tion and inflammation or not. Clinically a number of dif-
ferent types of resorptions following such injuries have been
described ranging from self-limiting surface resorption 
to progressive inflammatory resorption and replacement
resorption (see Chapter 2). An inflammatory root resorp-
tion is almost inevitably accompanied by an infection in the
root canal and requires treatment. Ankylosis with subse-
quent bony replacement resorption is, from a prognostic
point of view, a treatment sequela with a relatively poor
prognosis when it affects a large surface area of the root. The
rate at which the root is replaced by bone largely depends
on systemic factors which normally regulate bone remodel-
ing in addition to the age of the patient.

M. Torabinejad and S. Shabahang

Osteoclast activity in general

Osteoblasts and osteoclasts are involved in bone formation
and maintenance of bone. The osteoclast, the main bone-
resorbing cell, plays also an important role in the healing
events after trauma to bone and teeth as well as in the
defense system established in response to infection
(198–212). Consequently, marked osteoclastic activity may
be the explanation for a number of radiographic phenom-
ena including transient or permanent apical and marginal
breakdown of the bony socket as well as root surface and
root canal resorption (209, 210) (see Chapter 13, p. 392).

GROWTH AND MAINTENANCE

Under normal physiologic conditions, osteoclast activity is
regulated by a combination of direct and indirect osteoclast
activators (e.g. parathyroid hormone (PTH), vitamin D
metabolites, plasma calcium concentration, neurotransmit-
ters, growth factors and cytokines (20, 209, 213), and osteo-
clast inhibitors (e.g. calcitonin and estrogen) (20, 209, 213)
(Fig. 4.9). The sum of osteoblast/osteoclast activity (i.e. net

bone balance) can be seen in normal tooth eruption, growth
and maintenance of the jaws, as well as homeostasis of
plasma calcium and phosphate.

REPAIR

With respect to wound healing in hard tissues, the osteoclast
can be considered analogous to the macrophage system
operating in soft tissue wounds in its response to trauma
and/or infection (205, 210, 212).

There are three hard tissues in the oral cavity that are
subject to resorption subsequent to trauma, alveolar bone,
dentin and cementum. Alveolar bone is itself highly vascular,
while dentin and cementum are adjacent to the vascular
tissues of the dental pulp and periodontal ligament (PDL),
respectively. Thus, all three of these hard tissues are readily
accessible to blood-derived inflammatory cells and serum
proteins and can be resorbed as a result of inflammatory
reactions.

Hard tissues may be injured following trauma either
directly (e.g., crushing injuries) or indirectly, (e.g., ischemic
injuries). In both instances, an inflammatory response is
elicited which results in the liberation of cytokines and the
promotion of hard tissue resorption (Figs 4.10 and 4.11).
The purpose of this response is to remove the damaged hard
tissue prior to healing. In this regard, the integrity of the
cementoblast and odontoblast layers that cover cementum
and dentin, respectively, is of paramount importance. If the
traumatic event results in an irreparable injury to these cell
layers, the hard tissue surface may succumb to resorption
due to the intense osteoclastic activity that results from the
liberation of a series of osteoclast-activating factors (210),
(Figs 4.10 and 4.11). Resorption of dental tissues may be reg-
ulated similarly to that of osseous tissues. RANK-positive
multinucleated odontoclasts have been immunohistochem-
ically localized near the dentinal surface in resorption
lacunae (213–215). Thus the RANK/RANKL/OPG-system
may contribute to this process under both physiological and
pathological conditions (215).

Inflammation and mediators of hard 
tissue resorption

In the case of bacterial contamination of dentin and pulp,
this response is a necessary step in the fight against invad-
ing bacteria (Fig. 4.11). Resorption of dentin serves to elim-
inate bacteria residing in dentinal tubules and the pulp canal
while periradicular bone resorption and the development of
an apical granuloma builds up an area of defense against the
bacteria residing in the pulp canal (207). Bacterial by-
products, i.e. lipopolysaccharide (LPS), can lead to inflam-
matory bone resorption. The mechanism involved differs
from physiological bone resorption in that the pathway is
independent of osteoblasts. LPS from Porphyromonas gingi-
valis and Escherichia coli induce differentiation of murine
leukocytes into osteoclasts in the absence of osteoblasts
(216).
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Fig. 4.9 Activators and inhibitors regulating osteoclast activation during growth and maintenance of bone.
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Fig. 4.10 Osteoclast activators released during inflammatory response elicted by a traumatic dental injury.
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Regardless of whether the source of the injury is bacter-
ial, mechanical or chemical, tissue injury leads to the host
response of inflammation. The inflammatory reaction is
characterized by the movement of fluid, proteins and white
blood cells from the intravascular compartment into the
extravascular space (see Chapter 1, p. 9). The inflammatory
reaction can also initiate a resorptive process, the net result
of which is a loss of hard tissue volume. In the following, the
cells and chemical mediators involved in inflammation and
hard tissue resorption will be described.

Cells of inflammation

Although the inflammatory response is not completely
understood, the precipitating event in any inflammatory
process is tissue injury. Such injury is quickly followed by a
vascular response that includes vasodilation, vascular stasis
and increased vascular permeability, which then results in
the extravasation of fluid and soluble components into the
surrounding tissues (217–220; see Chapter 1). These vascu-
lar changes lead to the redness, heat, swelling and pain that
are the cardinal signs of inflammation. The vascular
response also includes margination of leukocytes, pave-
menting of these cells and, finally, their egress from the vas-
cular space. The immune system consists of a number of
inflammatory cell types that can control and direct the activ-
ities of other cells via secreted factors. Inflammatory cells
involved in the various stages of tissue injury and repair
include platelets, polymorphonuclear (PMN) leukocytes,
mast cells, basophils, eosinophils, macrophages and lym-
phocytes (Figs 4.10, 4.11). The response of these cells to
injury has already been described in detail in Chapter 1.

Chemical mediators of inflammation

Immune cells, along with other cells associated with 
local tissue injury and inflammation, produce a number of
soluble factors that further accentuate the inflammatory
response and may elicit osteoclastic activity (Figs 4.11, 4.12,
Table 4.2). These endogenous chemical mediators of inflam-
mation include neuropeptides, fibrinolytic peptides, kinins,
complement components, vasoactive amines, lysosomal
enzymes, arachidonic acid metabolites and other mediators
of immune reactions.

Neuropeptides

Neuropeptides are proteins generated from somatosensory
and autonomic nerve fibers following tissue injury. A
number of neuropeptides have been characterized, includ-
ing substance P (SP), calcitonin gene-related peptide (CGRP),
dopamine-b-hydrolase (DβH), neuropeptide Y (NPY), origi-
nating from sympathetic nerve fibers, and vasoactive intes-
tinal polypeptides (VIP), generated from parasympathetic
nerve fibers (220). Physiological and pharmacological
studies have shown that these substances have both vasodila-
tory and vasoconstrictive effects.

Substance P (SP) is a multifunctional neuropeptide
present both in the peripheral and central nervous systems.
The release of SP causes transmission of pain signals,

regulation of the immune system (vasodilation, increased
vascular permeability and increased blood flow), and 
stimulation of bone resorptive activity of osteoclasts.
Sensory denervation with capsaicin in rats reduces SP-IR
fibers in numbers by 49%, with a corresponding reduction
in bone resorption (221). This finding is directly correlated
with a significant decrease in the number of actively resorb-
ing osteoclasts. More current evidence suggests that Sub-
stance P can inhibit osteoblastic cell differentiation and this
effect is potentiated in the presence of P. gingivalis LPS (222).

Calcitonin gene-related peptide (CGRP) is another neu-
ropeptide, which has been localized in small to medium
sensory nerve fibers of several organs of experimental
animals. CGRP has an inhibitory effect on bone resorption
(223). Both SP and CGRP have been identified in dental
tissues (222). SP was the first neuropeptide to be detected in
dental pulp (224), and the presence of CGRP in dental pulp
was demonstrated almost ten years later (225–227). Sec-
tioning of the inferior alveolar nerve results in complete dis-
appearance of SP- and CGRP-containing granules from
nerve fibers, suggesting that these substances originate from
the sensory fibers of the trigeminal ganglion (225–230).
Davidovitch and co-workers found intense staining for SP
in PDL tension sites in cats one hour after orthodontic tooth
movement (231). Intra-arterial infusion with SP and CGRP
produces vasodilation in feline dental pulps as measured by
laser Doppler flowmetry and 125I with clearance techniques
(232).

Vasoactive intestinal peptide (VIP), a 28-amino acid resid-
ual peptide originally extracted from porcine duodenum,
appears to be a stimulator of bone resorption. Hohmann
and associates have shown that VIP stimulates bone resorp-
tion by a prostaglandin (PG)-E2-independent mechanism
(233). Furthermore, they showed the presence of functional
receptors for VIP on human osteosarcoma cells (234). VIP
is reportedly present in the dental pulp (220). Sectioning of
the inferior alveolar nerve or sympathectomy do not abolish
VIP-containing granules in nerve fibers, indicating that VIP
is of parasympathetic origin (220).

152 Chapter 4

Table 4.2 Local factors that may affect osteoclasts; effect on 
osteoclasts.

Factor kDa Osteoclast Function of
precursor growth mature
or differentiation osteoclasts

IL-1 17.4 ↑ ↑
IL-3 28 ↑ –
IL-6 23–30 ↑ –
TNFs 17–18.8 ↑ ↑
CSFs 14–35 ↑ –
PGs 0.35 ↑ ↓
1,25(OH)2D3 0.42 – ↑
LIT 45–58 ↑ ↑
TGF-β* 25 ↓ ↓

IL, interleukin; TNF, tumor necrosis factor; CSF, colony-stimulating factor;
PG, prostaglandin; 1,25(OH)2D3, 1,25-dihydroxyvitamin D3; LIF, leukemia
inhibitory factor; TGF-β, transforming growth factor β.
Signatures: ↑ increases; ↓ decreases; – effects not shown.
*TGF-β stimulates PG production by mouse calvariae, causing increased
bone resorption in the neonatal mouse calvarial assay.
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Lastly, two other neuropeptides that have been only
briefly characterized, DβH and NPY, have been localized in
dental pulp (220). In this case, removal of the superior cer-
vical ganglion results in the complete disappearance of NPY
from nerve fibers, indicating that the origin of NPY in fibers
is sympathetic in nature.

The presence of these neuropeptides has been clearly
demonstrated in pulpal tissues; however, their role in the
pathogenesis of periapical pathology following pulpal
necrosis has not been completely elucidated. Recent studies
suggest a possible role between sympathetic nerves and bone
remodeling. In fact, sympathectomized rats demonstrate a
near complete loss of NPY-immunoreactive fibers and a cor-
responding increase in the size of periapical lesions and the
number of osteoclasts in the inflamed sites (235).

Fibrinolytic peptides

Proper hemostasis depends on the coordinated activity of
blood vessels, platelets and plasma proteins. Following tissue
injury, circulating platelets immediately adhere to the
subendothelial collagen and form a primary platelet plug.
This initial hemostasis is followed by the coagulation
cascade, which involves both an intrinsic pathway, and expo-
sure of coagulation factor XII to negatively charged collagen
and an extrinsic pathway and activation of factor VII. After
a complex sequence of reactions, both pathways jointly
convert prothrombin into thrombin, which in turn cleaves
fibrinogen to fibrin (see Chapter 1, p. 9).

While hemostasis is taking place, however, a fibrinolytic
system is activated which subsequently dissolves the newly
formed blood clot. Circulating plasminogen is activated to
plasmin (fibrinolysin) by the action of factor XIIa or by a
tissue factor (236). Plasmin digests the clot and forms fibrin
and fibrinogen degradation products. Fibrinopeptides 
and fibrin degradation products are themselves promoters
of inflammation and cause increased vascular permeability
and chemotaxis of leukocytes to the site of injury (236).

Severance of the blood vessels in the PDL or bone during
root canal instrumentation can activate intrinsic and extrin-
sic coagulation pathways. Contact of Hageman factor with
the collagen content of basement membranes, with enzymes
such as kallikrein or plasmin or even with endotoxins from
infected root canals can all activate the clotting cascade and
the fibrinolytic system. Fibrinopeptides released from fib-
rinogen molecules and fibrin degradation products released
during the proteolysis of fibrin by plasmin can also con-
tribute to the inflammatory process.

Kinins

Kinins are able to produce many of the characteristic signs of
inflammation (237). They can cause chemotaxis of inflam-
matory cells, contraction of smooth muscles, dilation of
peripheral arterioles and increased capillary permeability.
They are also able to cause pain by direct action on the nerve
fibers. The kinins are produced by proteolytic cleavage of
kininogen by trypsin-like serine proteases, the kallikreins.

Kinins are subsequently inactivated by removal of the last
one or two C-terminal amino acids by the action of peptidase
(238). The kallikreins are also able to react with other
systems, such as the complement and coagulation systems, to
generate other trypsin-like serine proteases (239).
Elevated levels of kinins have been detected in human 
periapical lesions (240), with acute periradicular lesions con-
taining higher concentrations than chronic ones (Fig. 4.13).

Complement system

The complement system consists of at least 26 distinct
plasma proteins capable of interacting with each other and
with other systems to produce a variety of effects (241).
Complement is able to cause both cell lysis if activated on the
cell membrane and to enhance phagocytosis through inter-
action with complement receptors on the surface of phago-
cytic cells. Complement can also increase vascular
permeability and act as a chemotactic factor for granulocytes
and macrophages. The complement system is a complex
cascade that has two separate activation pathways that con-
verge to a single protein (C3) and complete the cascade in a
final, common sequence. Complement can be activated
through the classical pathway by antigen-antibody com-
plexes or through the alternate pathway by directly interact-
ing with complex carbohydrates on bacterial and fungal cell
walls or with substances such as plasmin (Figs 4.11 and 4.12).

Several investigators have found C3 complement compo-
nents in human periradicular lesions (242–245). Activators
of the classical and alternative pathways of the complement
system include IgM, IgG, bacteria and their by-products,
lysosomal enzymes from PMN leukocytes and clotting
factors. Most of these activators are present in periradicular
lesions. Activation of the complement system in these
lesions can contribute to bone resorption either by destruc-
tion of already existing bone or by inhibition of new bone
formation via the production of prostaglandins (PGs).
Addition of complement to organ cultures of fetal rat long
bones in vitro stimulates the release of previously incorpo-
rated 45Ca to a greater extent than heat-inactivated 
complement (245, 246).

The activated complement system can stimulate phos-
pholipid metabolism (247) and cause the release of lipids
from cell membranes (248–250). Consequently, the acti-
vated complement system may provide a source for the pre-
cursor of PGs, arachidonic acid (see below).

Vasoactive amines

The two major vasoactive amines involved in inflammatory
reactions are histamine and serotonin (Fig. 4.12). Both exist
preformed in a variety of cells, most notably in mast cells,
basophils and platelets. These two factors lead to increased
capillary permeability and dilation and can cause smooth
muscle contraction. Histamine is present in preformed
granules in mast cells and is released by a number of stimuli
including physical and chemical injury (251), complement
activation products (252), activated T lymphocytes (253)
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and bridging of membrane-bound IgE by allergens (254).
Mast cells have been detected in human periradicular lesions
(255, 256). Physical or chemical injury of periradicular
tissues during cleaning, shaping or obturation of the root
canal system with antigenic substances can cause mast cell
degranulation. Mast cells discharging vasoactive amines into
the periradicular tissues can in turn initiate an inflamma-
tory response or aggravate an existing inflammatory process.

Recent studies have found a potential role of histamine as
a mediator regulating estrogen deficiency induced bone
resorption (257). H(2) blockers, such as cimetidine, attenu-
ate trabecular bone volume reduction in ovariectomized rats
by 50% (258). The mechanism involved may be through
direct inhibition of osteoclastogenesis and indirect increase
in calcitriol synthesis (259).

Lysosomal enzymes

While dissolution of the inorganic fraction of the bone
matrix is mediated by acidification of the bone surface in
contact with the osteoclast, secreted lysosomal enzymes
digest the organic components (260) (Fig. 4.12). Lysosomal
enzymes are potent proteolytic enzymes that are stored in
small, membrane-bound bodies termed lysosomes within
the cytoplasm of inflammatory cells such as neutrophils,
macrophages and platelets (261). These enzymes are
released via two principal mechanisms: cytotoxic release
during cell lysis (as in gout or silicosis) and secretory release,
often during phagocytosis. Examples include acid and alka-
line phosphatases, lysozyme, peroxidase, cathepsins and col-
lagenase. Cathepsin K is responsible for degradation of
collagen type I and other bone proteins. Osteoclasts defi-
cient in this enzyme can demineralize bone but cannot

degrade the protein matrix. Patients with pycnodysostosis
demonstrate mutations in the cathepsin K gene. Animal
models of cathepsin K deficiency are available providing a
tool to study osteoclast function and treatment for cathep-
sin K deficiency (262).

The effects of lysosomal enzyme release can be modulated
by inhibitors of vacuolar-type H(+)-ATPase, such as
bafilomycin A1, and E-64, a cysteine proteinase inhibitor
(263). In cell cultures, bafilomycin A1 treatment prevents
formation of ruffled borders associated with osteoclasts, and
resorption lacuna formation is markedly diminished. This
effect on osteoclast structure is reversible by removal of the
compound. E-64 shows no effect on demineralization of
dentin slices; however, it reduces resorption lacuna forma-
tion in a dose-dependent manner (263).

Depending on their physiological pH activities, the lyso-
somal enzymes have been subdivided into acid, basic and
neutral proteases. Because the inflammatory site typically
has an acidic pH, the acidic proteases may have the greatest
activity in these locations. Factors that could help to deter-
mine the extent of tissue damage after the release of lysoso-
mal enzymes might include the nature of the stimulus,
the type of tissue or the absence of appropriate control
mechanisms.

Release of lysosomal enzymes can also result in increased
vascular permeability and further chemotaxis of leukocytes
and macrophages. In addition, lysosomal enzymes can cause
cleavage of C5 and generation of C5a, a potent chemotactic
component, and liberate active bradykinin from plasma
kininogen (261).

Lysosomal enzymes have been immunolocalized in odon-
toblasts suggesting a similar mechanism for root resorption
compared to that of osteoclastic bone resorption (264).

Fig. 4.13 Concentration of kinins in
chronic (yellow) and acute (red) human
periapical lesions as well as unin-
flamed negative control connective
tissue (green), ng/g of tissue weight.
From TORABINEJAD et al. (240) 1968.
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Lysosomal enzyme release can also occur following
endodontic manipulation. Extrusion of filling materials into
the periradicular tissues can result in phagocytosis and
release of lysosomal enzymes (Fig. 4.14). Thus, root canal
obturating materials themselves, if improperly used, can be
potent sources of inflammation and resorption. In fact,
cathepsin K has been identified in granulomatous lesions
(265). Therefore, persistent foreign body reaction to
extruded material can lead to the secretion of lysosomal
enzymes.

Arachidonic acid metabolites

Arachidonic acid is a naturally occurring acid that is incor-
porated into phospholipids of the cell membrane. Oxidation
of arachidonic acid leads to the generation of a group of bio-
logically important products including prostaglandins (PG),
thromboxanes and leukotrienes. Products of the arachidonic
acid cascade are not preformed and stored within intracel-
lular granules, but instead are synthesized from cell mem-

brane components as a result of cell membrane injury (266).
There are several pathways by which arachidonic acid is
metabolized (Fig. 4.15).

Prostaglandins

PGs are produced from arachidonic acid via the cyclooxy-
genase pathway. The PGs, particularly PGE2 and PGI2, have
been shown to be associated with vascular permeability and
pain in conjunction with the action of other chemical 
mediators of acute inflammation, such as histamine and
kinins (236).

PGs have been implicated in pathological changes associ-
ated with human pulpal and periradicular diseases (267).
The role of PGs in periradicular bone resorption was inves-
tigated by Torabinejad et al. (268) who demonstrated that
the formation of periradicular lesions in cats is inhibited by
systemic administration of indomethacin (Fig. 4.16). In
another study, McNicholas et al. (269) showed the presence
of high levels of PGE2 in acute periradicular abscesses. The

A B

Fig. 4.14 A. Egress of vitreous carbon particles from the root canal of a canine tooth into the periodontal ligament. ×20. B. Phagocytosis of carbon
particles by macrophages present in the periodontal ligament. ×200.

Fig. 4.15 Pathways of arachidonic
acid metabolism.
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mechanisms by which PGs are involved in bone resorption
will be discussed in greater detail later in this chapter.

Leukotrienes

The leukotrienes are produced from arachidonic acid via 
the lipo-oxygenase pathway. The biological activities of
leukotrienes include chemotactic effects for neutrophils,
eosinophils and macrophages, increased vascular perme-
ability, and release of lysosomal enzymes from PMN leuko-
cytes and macrophages (270). High concentrations of
leukotriene B4, a potent chemotactic agent, have been found
in periradicular lesions (271) (Fig. 4.13). In addition, a pos-
itive correlation has been found between the concentration
of this substance and the number of PMN leukocytes. The
actions of these mediators can be further enhanced by
vasoactive amines and kinins.

Immunological reactions

Immunological reactions can be divided into antibody- and
cell-mediated reactions. The role of IgE-mediated reactions
in hard tissue resorption was described earlier under vasoac-
tive amines (Fig. 4.12). In addition to immediate hypersen-
sitivity reactions, immune complex reactions as well as
cell-mediated reactions can also participate in inflammation
and hard tissue reactions.

Antigen-antibody complex reactions

Immune complexes in periradicular tissues can be formed
when extrinsic antigens such as bacteria or their by-prod-
ucts interact with either IgG or IgM antibodies. The result-
ant complexes bind to platelets, leading to the release of
vasoactive amines and to increased vascular permeability
and PMN leukocyte chemotaxis. The binding of immune
complexes in periradicular lesions has been demonstrated in
experimental animals. Simulated immune complexes placed
in feline root canals can lead to rapid formation of peri-
radicular lesions, notably characterized by bone loss and the
accumulation of numerous PMN leukocytes and osteoclasts
(268) (Fig. 4.13). This finding has been confirmed by Tora-

binejad and Kiger (272) who immunized cats with subcuta-
neous injections of keyhole limpet hemocyanin until the
presence of circulating antibody to this antigen was
detected. Challenge doses of the same antigen were then
administered via the root canals. Radiographic and histo-
logical observations showed the development of periradic-
ular lesions consistent with characteristics of an Arthus-type
reaction.

Immune complexes in periradicular tissues in humans
have been studied as well. Torabinejad and Kettering (273),
using the anticomplement immunofluorescence technique,
presented evidence to support the localization of immune
complexes in human periradicular specimens (Fig. 4.17).
Furthermore, in two separate investigations, Torabinejad
and associates quantitated the serum concentrations 
of circulating immune complexes, various classes of
immunoglobulins and a C3 complement component in
patients with chronic and acute periradicular lesions (274,
275). The results indicated that immune complexes formed
in chronic periradicular lesions are either minimal or are
confined within the lesions and do not enter into the sys-
temic circulation. In contrast, when the serum concentra-
tions of circulating immune complexes in patients with
acute abscesses were compared with those of individuals

A B

Fig. 4.16 A. Horizontal 5µm section of periradicular tissue of a feline tooth after 6 weeks of exposure to the oral flora, stained histochemically for
PGE2. Note: dark staining for the presence of PGE2 on the surface of alveolar bone. ×500. B. No staining is noted in the contralateral tooth not exposed
to the oral flora. From TORABINEJAD et al. (68) 1979.

Fig. 4.17 Detection of immune complexes in phagocytic cells of a human
periapical lesion using anticomplement immunofluorescence technique.
×200. From TORABINEJAD & KETTERING (273) 1979.
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without these lesions, a significant difference was found
between the two groups. Complexes were present in the cir-
culation of patients with lesions, but they were undetectable
in the blood of unaffected controls.

Although immune complex formation can often be con-
sidered a protective mechanism for the neutralization and
elimination of antigens, the data from studies on experi-
mental animals and from patients with periradicular lesions
suggest that this complex formation in the periapical space
can lead to periradicular lesions that can include hard tissue
resorption.

Cell-mediated immune reactions

The presence and relative concentration of B and T lym-
phocytes and their subpopulations were determined in
human periradicular lesions by the indirect immunoperox-
idase method (276). Many B cells, T suppressor (S) cells and
T helper (H) cells were detected in these lesions; but the T
cells outnumbered the B cells significantly (Fig. 4.18). Other
investigators found approximately equal numbers of T-cell
subsets in chronic lesions (TH/TS ratio) (277–280). Further
immune cell specificity in developing lesions was shown by
Stashenko and Yu (279), who demonstrated in rats that TH
cells outnumber TS cells during the acute phase of lesion
expansion, whereas TS cells predominate at later time
periods when lesions are stabilized. Based on these results it
appears that TH cells may participate in the development 
of periradicular lesions, whereas TS cells may decrease 
excessive immune reactivity, leading to cessation of lesion
growth.

The specific role of T lymphocytes in the pathogenesis of
periradicular lesions has been studied by a number of inves-
tigators. Wallström (281) exposed the pulps of mandibular
molars of athymic and conventional rats and left them open
to the oral flora for 2, 4 or 8 weeks. Tissue sections were
quantified by percentages of surface areas of bone, connec-
tive tissue, bone marrow, intrabony spaces, periradicular
lesions and numbers of osteoclasts. Statistical analysis

showed no significant difference between periradicular
tissue responses of the two treated groups. Finally, Water-
man (282) compared periradicular lesion formation in
immunosuppressed rats with that in normal rats and found
no significant histological differences between the two
groups. These findings suggest that the pathogenesis of
periradicular lesions is a multifactorial phenomenon and 
is not totally dependent on the presence of circulating 
lymphocytes.

Interleukin-1 (IL-1)

The cytokine most widely studied for its effects on bone
resorption is IL-1. IL-1 is produced primarily by monocytes
and macrophages (260, 283), and human monocytes
produce at least two IL-1 species, IL-1α and IL-1β (285). IL-
1β is the major form secreted by human monocytes. The
chief component of osteoclast activating factor (OAF) was
purified and found to be identical to IL-1β (285). IL-1β is
the most active of the cytokines in stimulating bone resorp-
tion in vitro (half-maximal activity at 4.5 × 10−11 M), 15-fold
more potent than IL-1α and 1,000-fold more potent than
the tumor necrosis factors (TNFs) (286). The genes for IL-
1 have been cloned, and IL-α, and IL-β are related molecules
of nearly identical molecular weight (17.4 kDa), but sharing
only 35% sequence homology (284).

The effects of IL-1 on bone resorption have been widely
studied. IL-1 strongly stimulates bone resorption (287) and
inhibits bone formation (288). IL-1 stimulates the growth of
osteoclast precursor cells, the differentiation of committed
osteoclast precursors and the activity of mature osteoclasts
(289, 290). As is the case with other bone resorptive agents,
the actions of IL-1 on osteoclasts are mediated through
osteoblasts (25). IL-1β is also produced by osteoblasts and
hence may serve as a messenger to communicate bone-
resorptive signals to osteoclasts (291).

IL-1 has been associated with increased bone resorption
in vivo in several disease conditions. For example, IL-1 is
produced by tumor cells in several malignancies associated
with increased bone resorption and hypercalcemia
(292–295). In addition, since IL-1 may be produced by acti-
vated macrophages or inflammatory cells and has been iden-
tified in human dental pulp (296), IL-1 has been implicated
in the bone resorption of several chronic inflammatory dis-
eases including periodontal disease (297) and periradicular
lesions (298–301).

Interleukin-3 (IL-3)

IL-3 is a T lymphocyte-derived, 28 kDa glycoprotein which
supports growth and differentiation of hematopoietic pro-
genitor cells (302, 303). In bone marrow, IL-3 will induce
the differentiation of precursors to osteoclast-like cells, an
effect that was independent of 1,25(OH)2D3 and inhibited
by an anti-IL-3 inhibitory antibody (304, 305). IL-3 has also
been implicated in the bone resorption that occurs in
chronic inflammatory diseases, such as rheumatoid arthri-
tis or periodontitis (306–308).

Fig. 4.18 Presence of numerous T lymphocytes (red cell membrane) in a
human periradicular lesion. From TORABINEJAD & KETTERING (276) 1985.
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Interleukin-6 (IL-6)

IL-6 is a glycoprotein produced by a large number of cells
and with a wide range of cell targets (309). It is produced by
osteoblasts, but in response to other bone resorptive agents
including PTH, IL-1 and 1,25(OH)2D3 (310). IL-6 has been
reported to be a potent stimulator of osteoclast-like cell for-
mation in human bone marrow cultures (311), although it
did not stimulate resorption in neonatal mouse calvariae
(312). It does stimulate resorption, however, in an organ
culture system that contains more primitive osteoclastic 
precursors (313).

IL-6 is produced during immune responses and may play
a role in human disease. For example, IL-6 may be an impor-
tant mediator of the increased number of osteoclasts in
Paget’s disease (314), implicating IL-6 in the pathogenesis of
diseases of increased osteoclast formation. Nude mice car-
rying CHO tumors overexpressing IL-6 develop hypercal-
cemia (315), and IL-6 may be involved in the hypercalcemia
and bone lesions associated with other malignancies. Lastly,
IL-6 may play a role in the bone resorption observed with
inflammatory diseases. Thus IL-6 has been isolated from
diseased tissues associated with adult periodontitis (316)
and rheumatoid arthritis (317).

Tumor necrosis factors (TNFs)

The monocyte-macrophage-derived TNF-α and the lym-
phocyte-derived TNF-3 (previously called lymphotoxin)
have effects on bone resorption that are similar to IL-1. Both
stimulate resorption and inhibit formation of bone in organ
culture (286). TNFs stimulate both the growth of osteoclast
progenitor cells and the differentiation of committed pre-
cursors (289). Their effects on osteoclasts are also indirect
and are mediated through osteoblasts (318). The ability of
TNF-α to stimulate bone resorption is dependent on
prostaglandin (PG) synthesis (319).

TNFs may be associated with bone resorption in vivo in
a number of diseases. Although TNF has not been shown to
be produced directly by solid tumor cells, many such tumors
cause host defense cells to produce excess TNFs, leading to
increased resorption and hypercalcemia of malignancy
(320–322). Direct injections in vivo of TNF-α in intact mice
cause hypercalcemia. TNF has been implicated in the hyper-
calcemia and bone resorption with multiple myeloma as
well (323). Finally, the TNFs, produced by activated immune
cells, may be associated with bone resorption resulting from
chronic inflammatory disease. For example, TNFs were
detected in all samples of gingival and periradicular tissues
associated with disease but were scarcely detectable in sites
associated with health (297, 301).

Prostaglandins

PGs, products of arachidonic acid metabolism as described
earlier, have long been implicated in bone resorption. PGE1

and PGE2 were first reported to stimulate 45Ca release from
fetal rat bone in vitro in 1970 (324). The stimulatory effect

of PGEs on bone resorption has been confirmed by many
groups (325–330). Paradoxically, Chambers and co-workers
reported that PGE2 had a direct inhibitory effect on bone
resorption by isolated osteoclasts (329) and inhibited osteo-
clast motility (330), suggesting that the stimulation of bone
resorption by PGs in organ culture is due to indirect effects
of PGs on cells other than osteoclasts. This suggestion was
further strengthened by the finding that PGE2 initially inhib-
ited and then stimulated bone resorption in isolated rabbit
osteoclast cultures, consistent with the idea that the stimu-
lated resorption was due to late, indirect effects mediated by
marrow stromal cells (331). It appears that PGs induce
osteoclastic differentiation from precursor cells but inhibit
the activity of mature osteoclasts (332).

PGs have been implicated in both the local bone resorp-
tion of chronic inflammation and in systemic resorption 
as well. PGE2 is elevated in inflamed, periodontally 
diseased sites and in symptomatic pulpal tissue compared to
control sites (333–336). The importance of PGs in peri-
odontal disease progression was further suggested by the
finding that an inhibitor of PGs, flurbiprofen, decreased 
naturally occurring periodontal disease destruction in
beagle dogs (337). Synovial tissue from patients with
rheumatoid arthritis produced PGE2 and caused bone
resorption in vitro, an effect inhibited by indomethacin
(338). Tumor cells producing large amounts of PGE2 lead to
extensive bone resorption and hypercalcemia, effects also
blocked by indomethacin (339, 340). Similarly to PTH,
however, infusions of PGE2 in vivo actually increase bone
formation (341), and PG inhibitors decrease fracture repair
in rats (342).

PGs may interact with other local cytokines. IL-I (343,
344) and TNF-α (319) increase PGE2 production. PGE2 has
been reported to inhibit IL-1 production, perhaps acting as
a negative feedback system (344). PTH-related protein will
also stimulate PGE2 from human osteoblast-like cells, sug-
gesting that PGs also may communicate bone resorptive
signals locally (345).

Leukemia-inhibitory factor (LIF)

LIF, a glycoprotein derived from activated T lymphocytes
which stimulates differentiation of myeloma cells to mature
monocytes (346), is identical in activity to a glycoprotein
shown to stimulate bone resorption in vitro called differen-
tiation-inducing factor (DIF, 347). It also stimulates osteo-
clast-like cell formation in marrow cultures (348).

Local inhibitors of resorption

Three local inhibitors of osteoclastic bone resorption have
been described. Transforming growth factor-b (TGF-β) is 
one of several growth factors that are abundant in bone and
known to stimulate bone cell growth. TGF-β is a powerful
stimulator of bone cell growth and function and has been
shown to stimulate bone formation in a number of in vivo
models (349–352). TGF-β also affects bone resorption, but
its effects vary depending on the model system studied. For
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example, in human marrow cultures, TGF-β inhibits the 
formation of osteoclast-like cells (353). In the neonatal
mouse calvarial assay, however, TGF-β treatment leads to an
increase in bone resorption secondarily due to an increased
production of PGs (354).

Another agent shown to inhibit osteoclastic bone resorp-
tion is g-interferon, which completely abolished the resorp-
tion stimulated by IL-1, TNF-α and TNF-β, but that
stimulated by PTH and 1,25(OH)2D3 was not significantly
affected (355). In addition, γ-interferon also inhibited the
bone resorption induced by bradykinin, only partially
through a PG-mediated mechanism (356).

The most recently described local inhibitor of osteoclas-
tic bone resorption is the IL-1 receptor antagonist (IL-1ra)
(357–360). IL-1ra is a cytokine that is related to the IL-1
family and specifically inhibits the bone-resorptive effects of
IL-1α and IL-1β, but not that of PTH or 1,25(OH)2D3 (361,
362). It also inhibits the bone resorption and hypercalcemia
caused by IL-1 injections in vivo.

As summarized in Fig. 4.12, present studies indicate that
multiple mechanisms are involved in the pathological
changes that are associated with hard tissue resorption.
Mechanical injury to the periodontium or periradicular
tissues is likely to initiate the release of nonspecific media-
tors of inflammation and activate several pathways of
inflammation. Continuous egress of irritants, antigens or
toxic bacterial materials, as from a pathologically involved
root canal, can result in one or more immunological reac-
tions. Present data indicate that a number of these reactions
can lead to hard tissue resorption at both the periradicular
and periodontal sites. Because of complex interactions
between the various components of these systems, the dom-
inance of any one pathway or substance may be difficult to
establish. Much research is still needed to characterize the
specific roles of mediators of inflammation in pathogenesis
of hard tissue resorption.

Essentials

Origin of osteoclasts

• Mononuclear phagocyte system
• Bone marrow-derived mononuclear precursor cells

Regulation of osteoclast activity

• RANKL
• RANK
• OPG
• Cytokines
• Hormones

Osteoclast participation in root and 
bone resorption

• Growth
• Maintenance
• Repair
• Inflammation and mediation of hard tissue resorption
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When a tooth suffers a traumatic injury, a variable degree of
damage will occur to the periodontal structures as well as
the neurovascular bundle at the root apex (1). Under all cir-
cumstances the first reaction to a trauma will be an inflam-
matory process. If this process is minimal, healing of the
PDL will take place without resorption (normal healing)
which is considered a favorable healing.

If the root surface damage and subsequent inflammation
are of sufficient intensity, root resorption will result through
osteoclastic activity (2) (Fig. 5.1). Under most circum-
stances, this resorption will be transient with spontaneous
healing resulting in surface resorption with cemental repair
(repair related resorption); this healing is also considered
favorable.

If a continual stimulus is present e.g. if the pulp canal
becomes infected or sulcular infection corresponds to an
affected root surface, no healing takes place and the active
inflammatory resorption will continue until the entire root

is lost. This will be referred to as infection-related resorption
(see Chapter 2, p. 80) (Fig. 5.2).

The type of healing that occurs after the initial inflam-
mation subsides is also (apart from the pulp condition)
dependent on the surface area of root that is damaged. If the
surface area of damaged root is small, the surviving cemen-
toblasts that surround the area will produce new cementum
and periodontal ligament in time to cover the denuded area
and result in the above mentioned surface resorption with
cemental repair which can be considered a favorable healing.
This type of healing is favorable or cemental healing (2) (see
Chapter 2, p. 80) (Fig. 5.3).

If on the other hand, the damage to the root covers a large
surface area, bone producing cells will attach directly onto
the root before the area can be healed by new cementum.
When the bone has attached directly to the root it under-
goes physiologic turnover comprising resorption and appo-
sition. The osteoclasts have little difficulty resorbing dentin;

5
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Fig. 5.1 Multinucleated osteoclasts are formed in reaction to the damage
to the root caused by the traumatic injury and are now resorbing the root.

Fig. 5.2 Infection related inflammatory root resorption that has destroyed
almost the entire root.
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resorption cannot be regarded as a healing process but a
pathologic infection related condition which will transfer
either into favorable or unfavorable healing when the infec-
tion is treated.

Treatment strategies

Accident site

The best healing results are obtained if the traumatized
tooth is returned to its original position as soon as possible.
The sooner this is achieved the better the prognosis (6–8).
Most luxated teeth require repositioning. This should be
performed as gently as possible so as to limit additional
trauma.

Avulsed teeth pose a unique challenge. The damage to the
cemental layer/periodontal ligament when a tooth is avulsed
is usually not extensive since in most cases the periodontal
ligament tears leaving viable cells on the root surface that
are capable of healing (Fig. 5.5).

In fact the damaged root surface usually covers a small
surface area with a good potential for favorable healing. The
potential danger for unfavorable healing in an avulsed tooth
is if the periodontal ligament cells on the root surface dry
out and die before replantation (2, 6, 8, 9). The dead cells
will then act as potent inflammatory stimulators on replan-
tation. Therefore dry time must be kept to a minimum.

Strategies at the accident site to limit the inflammatory
potential of the root periodontal ligament are:

• Physical: Gently wash the root surface of gross debris with
tap water (Fig. 5.6) or sterile saline if the tooth is to be
replanted immediately (2, 10).

• Chemical: If the tooth cannot be replanted immediately it
should be placed in an appropriate storage medium until
it can be replanted. Dry time must be avoided. Acceptable
media include physiological saline, milk or the patient’s

Fig. 5.3 Favorable healing. The inflammatory root resorption has stopped
and the denuded root surface is covered with cementoblasts and new
cementum.

Fig. 5.4 Unfavorable healing with osseous replacement. Bone has
attached directly to the root surface. In time the osteoclasts will resorb
the dentin and osteoblasts will lay down new bone. In this way the root
dentin will be replaced by bone.

however in the apposition stage, bone (rather than dentin)
is formed and thus the root is slowly replaced by bone. This
osseous replacement is obviously an unfavorable healing
outcome. It has been termed osseous replacement resorption
in Chapter 2 (2) (Fig. 5.4) (see also Chapter 2, p. 80).

Therefore in order to optimize healing after a traumatic
injury it is essential to ensure that the surface area of root
damage is as small as possible. It is not possible to control
the physical damage to the root surface due to the trauma
itself. However, if the initial inflammatory response after 
the injury can be minimized, additional ‘secondary’ root
damage will be limited thus promoting cemental (favorable)
healing. Also it is essential to ensure that the pulp canal does
not become infected and act as a continuous stimulus for
inflammatory root resorption. Thus the treatment objective
after a traumatic injury is to limit active inflammation
immediately after the injury and to prevent or treat pulpal
infection (2, 3). In addition attempts have been made to
stimulate cemental healing so as to aid in favorable healing
(4, 5). In this chapter a series of experiments will be shown
demonstrating the effect of physical and chemical methods
to optimize healing. In this regard the above mentioned dis-
tinction of healing types has been made. In a few studies an
alternative classification has been used dividing healing into
two groups:

• Favorable healing
— Normal healing (without root resorption)
— Suface resorption with cemental repair (repair-related

resorption)
• Unfavorable healing

— Osseous replacement resorption (ankylosis)
— Infection related resorption.

When the experimental results are evaluated the major
interest will naturally be the proportion of the root surface
showing favorable healing. Osseous replacement resorption
can be an acceptable healing in adults, especially if the extent
of the ankylosis is rather limited. Inflammatory root 
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saliva (in cheek, under tongue or in a cup with patient’s
spit). These media can keep the periodontal ligament cells
viable for healing for about 2 hours (6, 11, 12). Hanks 
Balanced Salt Solution (HBSS) if available at the accident
site may extend the extra oral period to up to 8 hours (13,
14). In special circumstances, such as possible neurologi-
cal damage or a life threatening accident, storage media
e.g. Viaspan® can be used to retain a periodontal ligament
viable for healing for longer periods (14) (see later). Since
in the majority of cases the accident occurs near the home

or school, milk appears to be the most appropriate and
popular storage medium.

Emergency dental visit

At this visit minimizing the external inflammatory root
resorption due to the traumatic injury and promoting
cemental regeneration is the focus. Pulp space infection is a
slower process and is the focus of later visits.

Fig. 5.5 After an avulsion injury most
of the external root surface is covered
with periodontal ligament fibers since
the avulsion occurs due to tearing of
the periodontal ligament.

Fig. 5.6 Effect of saline cleansing on
PDL healing after replantation in
monkeys. After WEINSTEIN et al. (10)
1981.
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General strategies

Physical

If the tooth is in the socket (luxation injury or replanted 
at the accident site) its positioning should be checked. If
repositioning is required it should be performed as atrau-
matically as possible.

In an intruded tooth the practitioner may chose to allow
for spontaneous re-eruption depending on the stage of root
development (15) (see Chapter 16).

If the tooth has been avulsed the root should be soaked
in physiologic saline or HBSS while the history and exami-
nation are performed so as to flush debris and dead cells off
the root surface (14, 16).

The tooth is retained in position using a physiologic
splint. A physiologic rather than rigid splint has been shown
to favor cemental healing (15, 17). The movement of the
tooth is thought to break up ankylotic areas on the root
surface which are then replaced by cementum and peri-
odontal ligament.

Chemical

There has been extensive research done in order to chemi-
cally prepare the root to promote favorable healing or in 
situations where favorable healing is not possible to slow
down the osseous replacement of the root. The strategies
employed are dependent upon the extent of the injury to the
root surface and/or the potential for repair at the time of
replantation and/or repositioning. Obviously a tooth that
has undergone a luxation injury without avulsion cannot
have the root surface treated. Therefore most of the strate-
gies described will be relevant only for the avulsed tooth.
After an avulsion injury deleterious effects occur to the peri-

odontal ligament very quickly. Recent clinical research 
has shown that after approximately 20 minutes dry time
some degree of unfavorable healing is expected (7, 8).
However, most of the research into the beneficial effects of
anti-inflammatory or anti-resorptive procedures has been
performed on roots that have been dry for 60 minutes or
more. It is assumed (although not proven) that medica-
ments that are beneficial after 60 minutes dry time will be
beneficial after shorter dry periods as well.

Mature tooth – short (<20 minutes) extra-oral 
dry time

After the tooth has been soaked in physiologic saline or
HBSS while the history and examination has taken place
these teeth should be replanted and splinted as soon as 
possible.

Mature tooth – intermediate (20 to 60 minutes)
extra-oral dry time

A number of medicaments have been studied in order to
minimize the initial inflammation after replantation by
soaking the root surface.

Tetracycline
Tetracyclines are antibacterial and have proven anti-
resorptive properties. It has been theorized that by soaking
the tooth in the tetracycline antibiotic the reduction in bac-
teria on the root surface would decrease the potential for
inflammation and in addition the anti-resorptive actions
would limit the area of root surface damaged thus promot-
ing favorable healing by the process already described (Figs
5.7, 5.9). Tetracyclines exert their antimicrobial activity by
inhibiting protein synthesis, are broad-spectrum antibiotics

Fig. 5.7 Possible ways that tetra-
cycline may optimize PDL healing.
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providing action against anaerobes and facultative organ-
isms. They provide bactericidal action at the high concen-
tration occurring with local delivery of the drug (18).

Tetracyclines are substantive due to their hard tissue
binding capability and also have an innate anti-resorptive
action. They have the ability to bind to the tooth surface and
then be slowly released in active form (19). Tetracyclines 
also promote fibroblast and connective tissue attachment,
enhancing regeneration of periodontal attachment lost to
pathologic processes (20). Tetracyclines inhibit collagenase
activity and osteoclast function (21), which could be bene-
ficial to a replanted tooth. Their effects on the osteoclasts
include diminished acid production, decreased ruffled
border area, and decreased adhesive properties, all of which
inhibit bone resorption. Despite these effects, Bryson et al.
(2003) in endodontically treated dogs teeth dried for 60
minutes were not able to show a beneficial effect of soaking
the tooth in minocycline for 60 minutes (22) (Fig. 5.8).

Ma and Sae-Lim (2003) in monkey teeth dried for 60
minutes showed an increase in normal periodontal healing
after soaking the roots in minocycline (23) (Fig. 5.9).
However, there was no decrease in osseous replacement in
the experimental teeth. Thus, the favorable healing occurred
by decreasing the inflammatory root resorption. Since the
teeth were not endodontically treated as in the Bryson study
it can be assumed that the effect was due to an inhibition of
bacteria from the root canal space. Since in the clinical sit-
uation these teeth would be root treated, it is assumed that

the effect would be similar to the Bryson study, where root
treatment was performed on the teeth. Here, too, little effect
of enhancing favorable healing would be seen. Thus, these
studies were not able to validate the use of this method after
an avulsion injury. Further research needs to be performed
in roots where the dry time is less than 60 minutes.

Corticosteroids
Glucocorticosteroids have been widely used to reduce the
deleterious effects of inflammatory responses. They have
been reported to reduce and block the expression of
macrophage activation, thus affecting IL-1, TNFα, IL-6 and
prostaglandin production (24). These effects have been
attributed to inhibition at the transcriptional level of
processes leading to the complex events of macrophage 
activation (24). Long-term systemic administration of
dexamethasone is known to reduce skeletal bone mass.
Nevertheless, its local administration has been shown to
reduce osteoclastic bone resorption. Several mechanisms
have been reported for this effect, including reduction of the
number of osteoclasts by direct receptor mediated and 
specific toxicity to these cells (25, 26) and enhancement 
of calcitonin receptors on these cells, making them more
responsive to the existing systemic concentration of
hormone whose main function is to reduce bone resorptive
activity (Fig. 5.10). This up-regulation is also steroid-
receptor mediated and is effective at the transcriptional level
(27, 28).

Fig. 5.8 Effect of minocycline® upon
PDL healing after replantation in dogs.
After BRYSON et al. (22) 2003.
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Sae-Lim et al. (1998) found that in dogs the topical (and
not systemic) application of corticosteroids had a beneficial
effect on the production of favorable healing (29). In this
experiment the teeth had been stored in a wet medium for
48 hours (Fig. 5.11). The beneficial effect of the corticos-

teroid was presumably due to its ability to locally shut down
the inflammatory response thus limiting the damage to the
root surface. The reason that dexamethasone was ineffective
systemically is subject to speculation. It may not have been
adequately absorbed in time or may not have reached a 

Fig. 5.9 Effect of minocycline® upon
PDL healing after replantation in
monkeys. After MA & SAE-LIM (23)
2003.

Fig. 5.10 Possible effect of local or
systemic dexamethasone.
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concentration in the periodontal space that was adequate to
shut down the inflammation.

Alendronate
Alendronate (ALN) is currently being used to inhibit patho-
logic osteoclast-mediated hard tissue resorption in disease
states such as osteoporosis, Paget’s disease, and osteolytic
malignancies of bone (57). The affinity of ALN for calcium
phosphate and its tenacious binding to hydroxyapatite lead
to a rapid uptake into the skeleton (30). Once incorporated
into the skeleton, the terminal half-life of ALN activity has
been determined to be as high as 1000 days in dogs (31). The
mechanism of osteoclast inhibition has been attributed to a
decrease in osteoclast activity with minimal effects on
recruitment (58), the interference of receptors on the osteo-
clasts for specific bone matrix proteins (32), promoting the
production of an osteoclast-inhibitor by osteoblasts which
reduces the lifespan and/or the number of differentiated
osteoclasts (59), and the obstruction of resorption by inter-
fering with the ruffled border of the osteoclast (57) (Fig.
5.12). Most importantly, the inhibitory effect of ALN on
osteoclasts is widely recognized and is currently used thera-
peutically in the osteoclast-mediated disease states previ-
ously mentioned (57). Dog roots soaked in HBSS followed
by alendronate had statistically significantly more healing

than the roots soaked in HBSS without alendronate (30%
vs.11%) (33). This was true for roots dried for 40 or 60
minutes (Fig. 5.13). Soaking in alendronate also resulted in
significantly less loss in root mass due to resorption 
compared to those teeth soaked in HBSS without 
alendronate.

Calcitonin
Calcitonin is a hormone secreted by the parafollicular cells
of the thyroid gland and is known to cause contraction of
osteoclasts and inhibit their activity (see Chapter 4, p. 149)
(Fig. 5.14). Topical use of calcitonin (placed in the root
canal) has been found to be effective in controlling inflam-
mation related to root resorption (Fig. 5.15) (70).

Emdogain® (enamel matrix protein)
Emdogain® has been shown to promote periodontal liga-
ment proliferation. Enamel matrix molecules are inductive
for acellular cementum formation on traumatized root sur-
faces. The progenitor cell pool for repopulating the root
surface is thought to be the remaining vital cells on the root
surface, undifferentiated cells from the marrow and progen-
itor cells from the socket. Trope et al. have shown that the
socket environment plays an important role in the healing
of replanted teeth (34) suggesting that the periodontal 

Fig. 5.11 Effect of topical and sys-
temic dexamethosone upon PDL
healing after replantation. After SAE-
LIM et al. (29) 1998.
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ligament cells on the socket wall may be important progen-
itor cells for Emdogain® (Fig. 5.16).

Once the PDL has been destroyed due to avulsion, the cell
surface can be repopulated by cementum derived cells or
with osteogenic cells from the marrow.

It is optimal to repopulate the surface with PDL or
cementum-derived cells. Guided tissue regeneration tech-
niques are designed to facilitate cell-specific repopulation.
Barrier techniques can inhibit competition between
marrow-derived cells and cementum-derived cells to favor

Fig. 5.12 Possible ways that a
biphosphonate may optimize PDL
healing.

Fig. 5.13 Effect of topical biphospho-
nate upon PDL healing after replanta-
tion in dogs. After LEVIN et al. (33)
2001.
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the latter. Thus, a lower number of seeding cells would be
required to repopulate the root surface. The prognosis may,
therefore, be improved for teeth with longer extraoral times.

Emdogain® was shown in a study by Igbal and Bamaas
(2001) to almost double the favorable healing in dogs teeth
dried for 60 minutes (5) (Fig. 5.17).

Araujo et al. (2003) failed to show a benefit in healing
after soaking roots in Emdogain® (35) (Fig. 5.18).

There have been numerous case reports in which Emdo-
gain® was used after extended dry times. It is obvious from
these reports that while the use of Emdogain® slowed down
the osseous replacement it was not able to reconstitute the

Fig. 5.14 Possible ways calcitonin
may optimize PDL healing.

Fig. 5.15 Effect of topical placed cal-
citonin (root canal) upon PDL healing.
After PIERCE et al. (70) 1988.
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Fig. 5.16 Possible ways that enamel
matrix proteins may optimize PDL
healing.

Fig. 5.17 Effect of Emdogain® upon
PDL healing in dogs after replantation.
After IQBAL & BAMAAS (5) 2001.
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periodontal ligament completely (35). Like the other
medicaments discussed in this chapter most research has
been performed on roots that have been left dry for 60
minutes. These medicaments should be tested at shorter dry
times where there is more likelihood of remaining progeni-
tor cells on the root surface.

Specialized tissue storage medium
ViaSpan® is a storage medium used when transporting livers
for transplantation (63) and this medium has been found
also to be an excellent storage media for teeth (62) (Fig.
5.19). In a study on dog teeth extraction with varying drying
periods, it was found that teeth dried for 45 to 60 minutes

Fig. 5.18 Effect of Emdogain® upon
PDL healing after replantation in dogs.
After ARAUJO et al. (35) 2003.

Fig. 5.19 Possible ways that
ViaSpan® may optimize PDL healing.
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showed an improvement in periodontal healing after 30
minutes soaking in ViaSpan® compared to dried replanta-
tion after 45 to 60 min. dry storage (64) (Fig. 5.20).

Slow release anti-inflammatory drugs using the root canal
as a reservoir
Exciting experimental results have been obtained recently by
placing anti-inflammatory agents inside the root canal so 
as to achieve a slow and continuous release of the medica-
ments through the dentinal tubules to the site of osteoclas-
tic activity.

Ledermix® is a water soluble paste containing 1% triam-
cinolone and 3% demeclocycline. Triamcinolone is a highly
active steroid providing potent anti-inflammatory action
and demeclocycline is a broad-spectrum antibiotic effective
against a large range of Gram positive and Gram negative
bacteria. Studies have shown that the active agents in Led-
ermix® have a rapid initial release followed by a slow steady
release. Ledermix® is able to diffuse through dentin and
levels of triamcinolone sufficient for anti-inflammatory
action have been recorded in the periradicular area. In addi-
tion, triamcinolone has been shown to directly inhibit the
spreading of dentinoclasts in vitro (36–38). Ledermix® has
been previously proposed as a medicament to control pulp
infection. This procedure is usually delayed until the second
visit. The hypothesis in this experiment was that the Leder-
mix® should be used at the emergency visit so as to use its

anti-inflammatory action when the initial active inflamma-
tion occurs (Fig. 5.21).

Bryson et al. (2002) tested the effect of the immediate
placement of Ledermix® compared to calcium hydroxide in
the pulp canal of dog teeth that had been dried for 60
minutes (39). The Ledermix® treated roots showed 59%
favorable healing compared to 14% for the calcium hydrox-
ide group which was not different from the control group
(Fig. 5.22). In addition the remaining root structure was sig-
nificantly more in the Ledermix® treated teeth.

In monkey teeth Wong and Sae-Lim (2002) also found a
three-fold favorable healing compared to the control teeth
(40) (Fig. 5.23). This high incidence of favorable healing is
extremely promising under the conditions of these studies
and may constitute a major step forward in the treatment of
these types of traumatic injuries.

Pierce and Lindskog (1987) had previously used Leder-
mix® in the root canals of monkey teeth and did not show a
beneficial effect in relation to normal PDL (41) (Fig. 5.24).
However, they placed the medicament 3 weeks after the
experimental injury when presumably the acute inflamma-
tion had subsided and already produced its deleterious effect.

The placement of an anti-inflammatory medicament at
the emergency visit is a deviation from previous practice
where the root canal was not considered until the second
visit. In addition the tetracycline medicament in the Leder-
mix® has the potential to discolor the tooth. In order to

Fig. 5.20 Effect of ViaSpan® upon
PDL healing after replantation in dogs.
After PETTIETTE et al. (64) 1997.
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address the discoloration potential of the medicament 
Chen et al. (61) examined the potential for favorable healing
when tetracycline and the corticosteroid were placed alone
compared to in combination in the Ledermix® medicament.
The favorable effect of Ledermix® was confirmed in this

experiment. In addition the corticosteroid was shown 
to have an equally positive effect (Fig. 5.25). Thus it 
appears that the corticosteroid may be used instead of
the Ledermix® negating the discoloration problem when 
Ledermix® is used.

Fig. 5.21 Possible ways that Leder-
mix® may optimize PDL healing.

Fig. 5.22 Effect of Ledermix® upon
PDL healing in dogs after replantation.
After BRYSON et al. (39) 2002.
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Fig. 5.23 Effect of Ledermix® upon
periodontal healing in monkeys after
replantation. After WONG & SAE-LIM
(40) 2002.

Fig. 5.24 Effect of Ledermix® upon
periodontal healing in monkeys after
replantation. After PIERCE & LIND-
SKOG (41) 1987.
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Systemic methods to limit inflammation

As previously discussed the traumatic injury will predictably
cause inflammation due to the physical damage on the root
surface. In addition if bacteria are able to colonize the root

surface an additional inflammatory stimulus is present. The
most likely source of bacteria is the external environment at
the site of the injury or bacteria from the mouth that migrate
down the blood clot that forms in the periodontal ligament
(Fig. 5.26).

Fig. 5.25 Effect of Ledermix®, triam-
cinilone and tetracycline upon PDL
healing after replantation. After CHEN
et al. (61) 2005.

Fig. 5.26 Effect of antibiotics upon
PDL healing after replantation.
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Systemic antibiotics have been tested in order to remove
socket bacteria that may act as inflammatory stimuli. These
are started immediately at the time of repositioning at the
emergency visit when the bacterial count and thus the
resultant inflammatory response should be highest.

Penicillin. Penicillin is the traditional antibiotic used in oral
infections and thus logically would appear to be the drug of
choice to counteract bacteria within the periodontal space
after a traumatic injury (Fig. 5.28).

Hammarström et al. (1986) tested penicillin under 
two experimental conditions. In the first experiment the
root canals were infected in addition to an extra-oral dry
time of 60 minutes. In this experiment the use of systemic
antibiotic has a marked beneficial effect on healing by 
eliminating active inflammatory root resorption (42) 
(Fig. 5.27).

In the second experiment root canal therapy was per-
formed and thus root canal bacteria did not play a role after
the 60 minute dry time. Under these circumstances the
antibiotic did not have an appreciable effect on the healing
results (43) (Fig. 5.28).

Since at the emergency visit periodontal inflammation is

unlikely to be present due to pulp space infection, the exper-
iment where endodontic treatment was performed before
replantation appears to be more relevant to the emergency
visit and the use of systemic penicillin was not shown to be
beneficial, a finding supported by a clinical study of avulsed
and replanted teeth (7).

Tetracycline. As already described tetracyclines have anti-
resorptive properties in addition to their anti-bacterial
properties. Therefore they may be ideal as a drug to act sys-
temically against bacteria on the root surface and also act
against the resorbing osteoclasts.

Sae-Lim et al. (1998) (44, 45) tested systemic doxycycline
in similar models to the previous studies performed by
Hammarström et al. with penicillin.

When the root canals were infected in roots dried for 60
minutes both doxycycline and amoxicillin showed improved
healing compared to the control. The healing with doxycy-
cline was equal to that shown with the amoxicillin (Fig.
5.29). Thus it appears that the antibacterial effect of the
tetracycline was similar to that of the penicillin drugs used
by the Hammarström group (42, 45).

Fig. 5.27 Effect of systemic strep-
tocillin and benzylpenicillin upon PDL
healing after replantation in monkeys.
After HAMMARSTRÖM et al. (42)
1986.
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Fig. 5.28 Effect of streptocillin and
benzylpenicillin upon PDL healing after
replantation in monkeys. After HAM-
MARSTRÖM et al. (42) 1986.

Fig. 5.29 Effect of amoxillin or tetra-
cycline upon PDL healing after replan-
tation in dogs.After SAE-LIM et al. (45)
1998.
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However, when the tetracycline antibiotics were tested in
the model where 60 minute dried dog teeth were endodon-
tically treated before re-implantation, an almost significant
improvement in normal healing was seen compared to the
controls (44) (Fig. 5.30). This was presumably due to the
anti-resorptive effect of the tetracycline which is not present
for the penicillin drugs.

Thus it appears that systemic tetracycline rather than
penicillin is the appropriate antibiotic for severe avulsion
injuries and should be started at the emergency visit.

Mature tooth – extra-oral dry time >60 minutes

If a root has been dry for more than 60 minutes the peri-
odontal ligament is not expected to be viable. Thus eventual
osseous replacement of the root is inevitable. However, with
traumatic injuries particularly in young patients, a slow
replacement of the tooth root can be an important benefit
compared to a root that is replaced quickly. Therefore, when
the practitioner deems that it is worthwhile to keep the
tooth, the aim of treatment is to prepare the tooth for as slow
a replacement process as possible.

Fluoride pre-treatment of the root

Since 1968 it has been known that sodium fluoride treat-
ment of the root surface before replantation may decrease
the rate of osseous replacement in experimental replanted
teeth in monkeys (65) (Fig. 5.31). A study in humans like-
wise demonstrated a 50% reduction in progression of root
resorption after replantation (66). In later experimental
studies it was found that a 1% stannous fluoride supple-
mented with tetracycline had an ankylosis depressing effect;
however a long-standing inflammating reaction in the PDL
was found (67, 68). In a subsequent study the concentration
of stannous fluoride was lowered from 1 to 0.1% which
resulted in a significant reduction of inflammation in the
PDL (Fig. 5.32) and with a minimal amount of ankylosis.
Although this study seems promising it should be consid-
ered that the observation period in this experiment was only
4 weeks, an observation period which in similar experiments
has been found much too short to exclude later osseous
replacement (66). This implies that the concept of sodium
fluoride solution (2.4%) is the only tested and useful
method to be recommended (66).

Fig. 5.30 Effect of tetracycline upon
PDL healing after replantation in dogs.
After SAE-LIM et al. (44) 1998.
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Fig. 5.31 Effect of stannous fluoride
and tetracycline upon PDL healing
after replantation.

Fig. 5.32 Effect of stannous fluoride
and doxycycline upon PDL healing
after replantation in dogs. After SELVIG
et al. (60) 1992.
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Physical methods

Probably the most important action that should be taken in
order to slow down the osseous replacement is to remove
the dead periodontal ligament cells on the root surface 
(2, 8, 16). If these cells remain after replantation they will
act as potent inflammatory stimulators. In order to remove
the remaining cells the root can be soaked in sodium
hypochlorite or a weak acid. Some authors have proposed
using a periodontal curette to remove the cells. Logically this
may not be as good since scraping off the cemental layer
would probably allow the resorption to progress at a more
rapid rate.

Chemical methods

Immature tooth – extra-oral dry time <60 minutes

The luxated or avulsed immature tooth is different from 
the mature tooth in that the pulp that is necrotic due to the
traumatic injury has the possibility for revascularization.
Revascularization of an immature tooth is of tremendous
benefit in that the root canal walls continue to develop and
strengthen and the apex closes, making future endodontic
treatment if needed, a more predictable procedure. The less

developed the root at the time of injury the greater the
potential for revascularization (47–49).

It appears that bacteria on the root surface and particu-
larly at the apical foramen are the reason for failure of revas-
cularization (47). Thus it is essential to limit these bacteria
from the accident site and those tracking down the blood
clot in the socket.

Doxycycline as discussed has antibacterial and anti-
resorptive properties. Cvek et al. (1990) tested the effect of
soaking extracted immature monkey teeth in doxycycline
before replantation (47). They found that the revasculariza-
tion rate doubled (18–41%) after the doxycycline soak (Fig.
5.33).

They could not reproduce this effect with systemic doxy-
cycline (Fig. 5.34) (71).

Yanpiset and Trope repeated the Cvek study in dogs and
were able to replicate the doubling of healing rates with the
use of the doxycycline (30–60%) compared to saline con-
trols (48) (Fig. 5.35).

Recently Ritter et al. (2004) were able to further increase
the revascularization rate in dogs with the use of minocy-
cline (50) (Fig. 5.36).

Minocycline is a slow-release tetracycline that has been
shown to decrease periodontal bone loss when administered
topically. Its slow release action may keep bacteria from

Fig. 5.33 Effect of topical doxycycline
upon pulp healing after replantation in
monkeys. After CVEK et al. (47) 1990.
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Fig. 5.34 Effect of systemic doxycy-
cline upon pulp healing after replanta-
tion in monkeys. After CVEK et al. (71)
1990.

Fig. 5.35 Effect of topical application
of doxycycline upon pulp healing after
replantation in dogs. After YANPISET &
TROPE (48) 2000.
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entering the pulp space long enough to allow a higher inci-
dence of revascularization than doxycycline, which has a
shorter period of action. A number of studies show that the
local administration of a 2% minocycline gel is effective in
the treatment of periodontitis (51–53).

Minocycline is available in the form of ArestinTM Micro-
spheres (OraPharma, Inc.) which is a sustained release
product containing minocycline hydrochloride into a 
bioabsorbable polymer (polyglycolide-co- lactide). The
resulting microspheres combine the minocycline and 
bioabsorbable polymer in a powder form. Immediately
upon contact with moisture, the polymer hydrolyzes releas-
ing minocycline. Concentrations of 340 ug of minocycline
per ml have been measured in human crevicular fluid after
14 days, exceeding the minimum inhibitory concentrations
of many pathogens (54).

Immature tooth – extra-oral dry time >60 minutes

The benefit of replanting an immature tooth that will defi-
nitely be lost due to osseous replacement has been debated;
and some authors have concluded that such teeth should not
be replanted (see Chapter 17).

In this author’s opinion, such teeth can provide a benefit
to the young patient while waiting for facial growth to be
completed. If the tooth is replanted with the root condi-

tioned similar to the adult tooth with an extended dry time
and then submerged it can help to maintain the height and
width of the socket for an extended time period (see Chapter
24, p. 703). In some cases this will negate the need for com-
plicated prosthetic reconstruction when facial growth is
completed.

Second visit

The attachment damage due to the traumatic injury and
minimizing the subsequent inflammation was the focus of
the emergency visit. The second visit should be scheduled
10 to 14 days after the emergency visit. At this visit the focus
is on preventing pulp space infection which would sustain
active inflammatory root resorption and result in loss of the
root structure in a very short period of time (2, 7).

Root canal disinfection removes the stimulus to the peri-
radicular inflammation and the active resorption will stop
(55, 56). In most cases a new attachment will form; but if a
large area of root is affected, osseous replacement can result
by the mechanism already described. Again treatment prin-
ciples include prevention of pulp space infection or elimi-
nation of the bacteria if they are present in the pulp space.

Details of how to achieve the aims described above for the
second visit are described in detail in Chapters 22 and 23.

Fig. 5.36 Effect of topical application
of minocycline and tetracycline upon
pulp healing in dogs. After RITTER et
al. (50) 2004.
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Essentials

A series of physical and chemical methods have been used
experimentally to optimize periodontal and/or pulpal
healing after replantation of avulsed teeth. Most are experi-
mental methods that have been validated in animals only
and need to be verified in future clinical studies. For treat-
ment guidelines of avulsion see also Chapter 17, Avulsions.

Summary of experimental findings

PDL healing

(1) Rinsing of the root surface with tap water for 10 sec
before replantation appears to favor PDL healing.

(2) Minimizing dry time and appropriate storage is critical.
(3) 30 minutes extra storage in a tissue storage medium may

improve PDL healing after 45 to 60 minutes dry storage.
(4) A combination of triamcinolone and tetracycline or 

triamcinolone alone placed in the root canal at time of
replantation appears to favor PDL healing.

(5) Tetracycline hydrochloride systemically administered
appears to favor PDL healing.

(6) Amoxillin systematically administered for 7 days 
(22 mg/kg) appears to favor PDL healing.

(7) Sodium fluoride, 2.4% used topically for 20 minutes
appears to slow down progression of replacement
resorption but should only be used in cases with 
extensive damage to the PDL.

Pulpal healing

Immature tooth
Doxycycline (1 mg/20 ml saline) soaked for 5 minutes or
minocyline topically appears to greatly improve the chance
of pulp revascularization.

Mature tooth
Pulp healing is not possible. Endodontic treatment to
prevent pulp space infection is critical.
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Introduction

Facial esthetics play an important role in self-identification,
self-image, self-presentation and interpersonal confidence
(1). Furthermore, they affect social behavior (2). Therefore,
in most cultures, the face is regarded as the most salient
characteristic of one’s identity (1). Facially unattractive
people tend to be less liked, less preferred as friends and 
less desirable as ‘dates’ and marriage partners, less trust-
worthy, less intelligent, less successful, more aggressive, and
more antisocial (3–6). The combined effect of these 
factors disrupts normal social role functioning and brings
about a major impact on quality of daily life due to their
cumulative effect. There is a clear chain of risk from being

unattractive, which may lead to poor educational perform-
ance, which in turn may reduce job prospects later in life.
Taken together, these factors will significantly reduce mating
chances.

The mouth is of primary importance in determining
overall facial attractiveness (Fig. 6.1). The features more
commonly associated with facial attraction are the eyes and
the mouth (7). An attractive dentition and smile is an essen-
tial feature, for both children and adults. People with a rel-
atively normal dental appearance are judged to be better
looking, more desirable as friends, more intelligent, and less
likely to behave aggressively (8); and teachers have higher
expectations of them (9). Any deviation from the ‘norm,’
such as a dentofacial disfigurement, will stigmatize a person
and make them less acceptable socially (10). Thus, it is not
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Fig. 6.1 The fracture or loss of inci-
sors may dramatically alter facial
appearance. The photographs at the
right simulate various types of dental
trauma.
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surprising that dental problems are linked to social and psy-
chological well-being; and the contribution of dentofacial
characteristics to dimensions of personality, self-esteem and
body image is well documented (10–12).

Deviation from the ‘norm’ can be as simple as a dental
anomaly or as complex as a craniofacial deformity (13). A
traumatic dental injury (TDI), be it a fracture, discoloration
of teeth, or avulsion of a tooth will alter facial appearance
(14). What is more, the effects of TDIs on self-esteem and
self-awareness are important because the majority of TDIs
occur in the early years of life and adolescence (15, 16),
which are periods of important psychological development
when the growing person is particularly sensitive to impacts,
however small (17–19). This may lead to long-term psycho-
logical effects, in particular if the TDI is associated with a
physical as well as a psychological traumatic experience.

Psychologists define a traumatic experience as an intense
and sudden event that overwhelms the child’s capacity to
cope with the memories and feelings that are triggered by it.
Such traumatic experiences may lead to psychological symp-
toms such as depression and anxiety (20). Undoubtedly, a
significant proportion of physical events, for example, traffic
accidents, assaults, and physical abuse that cause TDIs, have
strong psychological overlays (see also Chapter 3 and
Chapter 7). Indeed, the actual treatment of a TDI may well
be a source of psychological stress. So it is not surprising that
a TDI may have social and psychological implications. There
is a chain of risk from having a TDI to the development of
adverse social and psychological outcomes; and, later in life,
to experiencing poor educational performance which in
turn affects job prospects and the chances of getting married
(14).

Surprisingly, these important psychological issues have
been neglected in dentistry and dental research. A review of
the dental literature reveals that rarely has the social and psy-
chological impact of TDI been studied (14), and although
some research was carried out on the social and psycholog-
ical aspects of maxillofacial injuries (21, 22), the majority of
those studies had serious methodological shortcomings,

such as small sample sizes, low response rate and short-term
follow-up.

This chapter will outline the social and psychological
impacts of traumatic dental injuries on quality of life and
set out how very basic procedures can be incorporated into
dental practice to prevent or reduce the negative social and
psychological outcomes of having a TDI.

Socio-psychological impacts of traumatic
dental injuries

Oral health influences people’s quality of life: how people
look, speak, smile, chew, taste and enjoy food and interper-
sonal relations (23). Thus it influences how people socialise,
their self-esteem, self-image and their feelings of social well-
being (24, 25). Cortes et al. (14) showed that children with
untreated fractured teeth were very significantly more dis-
satisfied with the appearance of their teeth and experienced
a significantly greater impact on their daily life than children
without any traumatic dental injury. Children with frac-
tured teeth were significantly more likely to report problems
with ‘eating and enjoying food’, ‘cleaning teeth’, ‘smiling,
laughing and showing teeth without embarrassment’, ‘main-
taining usual emotional state without being irritable’ and
‘enjoying contact with people’ than children without any
traumatic injury (Figs 6.2, 6.3). On average, children with
an untreated traumatic dental injury were 20 times more
likely to report an impact on quality of life due to the injury
when compared with children without any traumatic dental
injury (14). These findings suggest that untreated tooth frac-
tures affect people’s quality of life (80). In a study of 218
Australian children suffering a dental trauma, 66% felt
worried or very worried after the injury. This applied espe-
cially to girls (79) (Fig. 6.2).

One important aspect of daily life that is affected by
untreated TDI is unfavorable social responses. Children who
sustain untreated TDI become targets for harassment and
teasing by other schoolchildren and often have nicknames

A B

Fig. 6.2 Patient satisfaction and teasing experience related to trauma experience. After CORTES et al. (80) 2006.
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(26). Indeed, children with dentofacial deviations report
negative socio-psychological impacts such as teasing,
embarrassment and lack of social acceptance (8, 11, 27–29).
Nicknames referring to physical features are usually disliked
and individuals who have been teased and ridiculed tend to
develop insecure behavior, limited social interaction and low
self-esteem (10, 30, 80) (Fig. 6.3). The long-term effects of
teasing due to dental features on the development of per-
sonality is unknown, but it is likely that some children who
have been exposed to ridicule and insults may develop lower
self-confidence and a sense of alienation (11).

The magnitude of the psychological impact of the 
TDI will depend on the type of event associated with 
the injury. For example, an injury event such as an 
assault causes significantly higher levels of stress than an
accidental fall. An even more serious psychological impact
is observed when the physical injuries are due to domestic
abuse. This is not rare and includes child abuse, torture and
domestic violence against children, older adults, women and
men. A retrospective review of 236 patients treated 
for domestic violence injuries at an inner-city hospital over
a 5-year period confirmed that 81% of victims presented
with maxillofacial injuries at accident and emergency
departments (31).

The psychological impact of traumatic injuries increases
even further if associated with intense pain, loss of function
and control, social isolation, as well as separation from
parents and fear of death or future impairment (32). The
child’s immediate reaction to a traumatic experience will
probably be dominated by tears, horror and shock. The
physiological reaction to the incident will often be of the
‘fight-flight-freeze’ nature, a situation in which any person
needs very good quality care. Afterwards, the child may be
haunted by intense thoughts about the incident. Such
thoughts could be particularly troublesome when the child
is at rest. Later on, the person will experience a wide range
of additional symptoms such as sleep disturbances and
nightmares, different types of fears, difficulties in separat-

ing from parents, emotional distress and cognitive pro-
blems (33).

Experiences which have a strong sensory impact in terms
of pain, fear, and fear of death could lead to serious and per-
manent psychological problems such as post-traumatic
stress disorder (PTSD) (34). The diagnosis of PTSD was first
conceptualized in Vietnam veterans, but later also applied to
children who have experienced ‘an event outside the range
of usual human experience that would be markedly dis-
tressing to anyone’. A particular pattern of symptoms is
described in children. This can be defined in three clusters
(33): intrusive thoughts about a traumatic event; emotional
numbing and avoidance of reminders of that event; and
physiological hyperarousal.

Post-traumatic stress disorder is common after all trau-
matic events, including maxillofacial injury, and can become
chronic unless recognized and treated (22). Glynn assessed
a sample of 287 urban oral facial trauma survivors and
found that approximately one in four reported experiencing
symptoms consistent with a diagnosis of acute PTSD one
month after the event of injury. This rate is similar to those
observed after a car accident (35, 36). Another study includ-
ing 40 patients showed that post-traumatic psychological
symptoms were present in 54% of participants and that 41%
met the diagnostic criteria for post-traumatic stress disor-
der 4–6 weeks later (22). Other psychiatric problems, such
as anxiety and depression, were identified by the General
Health Questionnaire and the Hospital Anxiety and Depres-
sion Scale. The long-term effects of lack of treatment include
many psychological and social difficulties. Acute traumatic
episodes in children, adolescents and adults can have long-
term psychiatric consequences (20, 34, 37–39).

The psychosocial consequences of TDIs take on another
dimension when one considers the dimension of the
impacts at a population level. As the prevalence of TDI is
relatively high (see Chapter 3) and the majority of damaged
teeth remain untreated in both developing and developed
countries, the cumulative impact of the consequences of
experiencing a TDI is considerable (40–42). When one adds
to this the financial cost of treating the TDIs, most of which
are untreated or improperly treated (43), it is apparent that
TDIs constitute an important dental public health problem
and pose a significant challenge to dental professionals (40).
To address that challenge, dental professionals need to be
aware of basic psychological concepts. These are 
discussed next. We recommend reading textbooks on 
psychology for further understanding of children’s 
psychology.

Stages of psychological development

An understanding of the different stages of psychological
development is crucial to the success of an intervention
which will reduce the impact of TDI and associated events.
Toddlers aged about one and a half to three years are devel-
oping a sense of doing things on their own. The child has a

Fig. 6.3 Psychologic implications in an Australian group of children
affected by a dental trauma. After FEIGLIN et al. (79) 2006.
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very strong drive to investigate the boundaries set by adults,
to try out its own power and abilities, and to experience new,
thrilling situations (44). Sometimes, toddlers exceed the
limits of their capacity and expose themselves to a trauma.
A traumatic experience such as intense pain puts limits on
the child’s expanding world (45). Furthermore, the experi-
ence of pain is imprinted on the mind of young children 
(46, 47).

During later childhood, aged 3–5 years, the child devel-
ops a clear concept of itself as a ‘me’, knowing it is a person
in itself, and is no longer dependent on its parents in famil-
iar situations. Development brings the child into a world of
magic, oscillating between reality and fantasy. Intellectual
growth is dominated by the increasing use of symbols, the
most important of which is language. Words become loaded
with feelings, ideas and associations and help the child to
create an understanding of the world that is not strictly
logical but holds a deep meaning for the child (48). The
child internalizes the parent’s guidelines for right and wrong
and, during this process, the child gradually develops a con-
science, and an inner representation of values and the rules
that parents represent (17). Having a conscience means that
one feels guilt when one does the ‘wrong thing’. In addition,
children may feel guilt even if they are not responsible for
the TDI event. For example, a child may imagine he/she
caused the painful incident by being angry with Mum that
morning. A feeling of guilt may intensify the psychological
impact. Furthermore, at this age, children perceive the body
as a bag containing feelings and tears and food and heart
and blood: it is frightening if there is a hole in the bag so it
has to be mended as soon as possible. This is really the ‘age
of plaster’.

School age (6–12 years) is a period of life characterized by
intensive development in social skills and cognitive growth.
Intellectual development in the period has been described
by Piaget as concrete, operational thinking, meaning that the
child develops the ability to ‘make up things in its head’,
starting from his/her own knowledge and experience (48).
This is, however, limited and might lead the child to unre-
alistic conclusions. Logical ability increases, and therefore
accuracy is needed when explaining something to the school
age child. A very strong sense of justice is accompanied by a
strong wish to punish the wrongdoer. This punishment
could also be directed to the self, if he/she is the one to be
blamed for the TDI event. At about the age of 9 years old,
the child reaches an adult conception of life and death,
namely a full understanding that everyone who lives will also
die, including oneself. This leads to a deeper understanding
of the transient nature of life and might cause an easily
evoked fear of death and illness (49). Such a fear could easily
be triggered off by a TDI event associated with intense 
pain.

Adolescence (13–20 years) is the final period of the child’s
development into adulthood. Intellectually, the young
person is capable of formal operations (48). This means, for
example, using double symbols (as in mathematics), han-
dling hypothetical facts. Thus, an adolescent has adult intel-
lectual concepts, but less experience than an adult. Teenagers

often experience mood swings, as they are trying to achieve
a stable inner identity and self-esteem. This is a process that
goes on for years and takes great energy. Emotionally, the
teenager will pass through different periods, the first of
which is dominated by regression, as the wish to remain an
innocent child clashes with the need to grow up. The next
period is typically dominated by easily invoked aggression,
when all earlier self-evident values and norms have to be
questioned. The last period also represents the final emo-
tional separation from parents and the security of child-
hood, in which there is loss and often some degree of
depression until the young person finds a new sense of
belonging (19). A traumatic experience with intense pain
during this period of development may exaggerate any
expression of regression, aggression or depression.

Implications for treatment

Normative assessments of need for restoring enamel-
dentine tooth fractures are commonly based on the premise,
stated by Brännström (50), that bacterial invasion in the
exposed dentinal tubules should determine inflammation
that could lead to either repair or necrosis of the pulp, which
neglects the role of facial esthetic. The assessment of treat-
ment needs and the treatment plan must also reflect psy-
chosocial factors in order to prevent an undesirable outcome
to the treatment. This is because the ultimate goal of treat-
ment is to restore the capacity of people to perform desired
social roles and activities. Dentists should remember that
oral health is defined as ‘a standard of health of the oral and
related tissues which enables an individual to eat, speak and
socialize without active disease, discomfort or embarrass-
ment and which contributes to general well-being’. Clearly
the definition of oral health has evolved and expanded from
a purely biological outlook to include a socio-psychological
meaning.

The esthetic implications of TDI are perhaps the most
important motivator in seeking treatment (14). The psy-
chological impact of the TDI event and pain associated with
the injury may be even more serious than the physical
damage. Furthermore, the treatment and prognosis of a TDI
may be an additional source of psychological stress.

A subjective assessment (51) of patients with traumatized
teeth in a 15-year follow-up study identified that 39% of the
patients reported dissatisfaction either with the color and/or
anatomic form of the traumatized teeth or reconstruction.
Twenty-one per cent of the patients remembered pain
during treatment, and 25% remembered only the behavior
and attitudes of the dental team. Most of the individuals did
not remember having received any information about prog-
nosis for the traumatized teeth. Thus, there is an urgent need
to improve the quality of care of traumatic dental injuries.

Assessments of need

Social functions such as communication and esthetics may
be more important than biting and chewing and may be the
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main determinants of an individuals’ subjective or perceived
need for replacement of missing natural teeth and their feel-
ings about the loss of teeth (52, 53). Keeping the front teeth
is more important than keeping molars (54). Similarly,
dentofacial esthetics and self-perceptions of dental appear-
ance are important factors in deciding to seek orthodontic
treatment (55–59). Dissatisfaction with esthetics has been
consistently reported as the main reason for seeking ortho-
dontic treatment and more important than the ability to
chew (57). Hence, it is not surprising that children with frac-
tured teeth tend to be more concerned with esthetics than
with function (14). There is a strong case for the argument
that dentistry should concentrate more on psychological
and social functioning than on functional restoration (63).
Research to date confirms the concern expressed by patients
in relation to their appearance, with any shortfall between
the individual’s ideal and perceived expectations resulting in
discontent and a possible desire for improvement (60). Both
children and their parents alike believe that the cosmetic
improvement of the mouth will enhance the social accept-
ance and self-esteem of an individual (61). In a self-
assessment of their own appearance, children mentioned
teeth as a feature which they would like to change first of all
(62).

Despite the fact that demand for treatment of traumatic
dental injuries may be mostly related to esthetic or psy-
chosocial factors, assessments of treatment need due to a
traumatic dental injury do not include a valid measurement
of the psychosocial impact of these on quality of life (14).
The assessment is based primarily on normative need judged
by a dentist. Clinical measures used to define oral health
status and needs in populations are subject to serious limi-
tations as they do not take into account the World Health
Organizations’s (WHO) definition of oral health. For
example, they tell us nothing about the functioning of the
oral cavity or the person as a whole, or about subjectively
perceived symptoms. Traditional normative assessment of
treatment need does not inquire into people’s capacity to
carry out desired daily roles and activities and whether
people could take advantage of important opportunities in
life, if treatment is provided (63).

Clearly, the assessment of need for treatment should
include the patient’s perception of their need for treatment
in order to restore the ‘capacity of individuals to perform
desired roles and activities’ (64, 65). This led Cohen and Jago
(66) to call for the development of socio-dental indicators,
with the rationale of improving clinical indicators of oral
health by adding a dimension of social impact, and their
subsequent development (66). Socio-dental indicators are
measures of oral health-related quality of life and range
from survival, through impairment, to function and per-
ceptions (63). Oral health-related quality of life is a multi-
dimensional concept that incorporates survival, illness and
impairment, social, psychological and physical function and
disability, oral health perceptions, opportunity, as well as
interactions between the aforementioned domains (67).
They measure the extent to which dental and oral disorders
disrupt normal social role functioning and bring about

major changes in daily life, such as an inability to work or
attend school, or undertake parental or household duties
(68, 69). They are subjective and their use should be com-
plementary to the clinical measures of oral status and needs
(23, 70). WHO policies state clearly that the enhancement
of people’s quality of life and extension of their life spans are
the two central goals for health care since 1981 (71).

The assessment of treatment need, and treatment pro-
vided due to traumatic dental injuries must include an oral
health-related quality of life measure because this condition
has considerable psychosocial implications for patients.
Several dental researchers have developed validated meas-
ures to assess the effects of oral disorders on the functional,
social and psychological well-being and these are easily
available in the dental literature (65). Slade et al. (72)
reviewed the pertinent literature and concluded that there is
not any single instrument that is better than the others or
can be regarded as a gold-standard set of questions.

One socio-dental measure devised specifically for use
with children, the Child OIDP, assesses socio-dental impacts
in children and relates these impacts to the cause by asking
the child what dental condition, including TDIs, provoked
the impact (73). Another socio-dental indicator developed
for children, the Child Oral Health Quality of Life ques-
tionnaire, was designed to assess the impact of oral and oro-
facial conditions on the quality of life of children and their
families (74, 75).

Treatment plan

In order to understand fully the psychological impact of TDI
and the implications for treatment of this condition, it
might be useful to consider first the sequence of events expe-
rienced by someone involved in a TDI event, including the
potential negative impact of the treatment regimen. A
typical scenario includes:

(1) Injury event: A TDI event is characterized by a collision
that can generate enough mechanical energy to produce
the injury and often releases immediate intense pain.
This is the first psychological impact, and its magnitude
will depend on the type of injury, intensity of pain
released and type of event associated with the injury.
Therefore, dental professionals must be prepared to deal
with the physical and psychological impact of a TDI.

(2) Emergency procedures: The majority of traumatic 
dental injuries occur outside office hours. To visit an
emergency room is an unpleasant experience that may
increase the psychological impact of a TDI. Emergency
rooms tend to be crowded and populated by people who
are experiencing stressful circumstances. This atmos-
phere is not conducive to the reduction of the psycho-
logical impact caused by the injury event.

(3) Treatment: Immediate treatment of TDI may be fright-
ening and painful, especially if adequate pain control is
not administered and proper information about treat-
ment procedures is not provided. In addition, lack of
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postoperative information about future treatment and
prognosis may cause further concern.

(4) Post-treatment follow-up: Studies have shown that treat-
ment of traumatic dental trauma in emergency care
services is often inadequate (43). Unsuccessful emer-
gency care affects the outcome of treatment of TDI. For
example, successful outcomes following avulsion
injuries significantly depend on early treatment. This
includes the need for further and more complex 
treatment (e.g. endodontic procedures) or loss of the
tooth or teeth affected. Exposure to these further stres-
sors may increase the psychological impact of a TDI
event.

(5) Economic consequences for the family may be the final
step in this series of unpleasant experiences in relation
to the trauma.

Suggested approaches to reduce the impact of
a traumatic dental injury

There is a clear need for stopping or at least minimizing pain
caused by acute damage as early as possible; and procedural
pain should be avoided, to prevent or reduce the negative
social and psychological outcomes of having a TDI. The
most serious effect of experiencing strong pain is the poten-
tial development of permanent psychological problems such
as post-traumatic stress disorder (34). There are also other
reasons to consider stopping or at least minimizing pain:

• Humanitarian reasons, as stated in the UN Convention on
the Rights of the Child.

• Medical reasons, since uncontrolled pain causes the release
of local and general stress hormones, which will increase
the tissue damage and make the healing of wounds more
difficult (76). There is also some evidence that insufficient
pain control from the outset can diminish the effect 
of subsequent efforts to control pain during surgery 
(76).

• Practical reasons: A child in pain will have much greater
problems in co-operating with treatment (76).

Despite the importance of this, there is evidence that 
children are often given inadequate pain control when 
experiencing acute damage (76). The sequence of events
experienced by someone involved in a TDI event was 
presented above. The implications for treatment from 
the injury event to post-treatment follow-up are 
discussed next.

Injury event

The first people to help and transport the patient to an
emergency service have the responsibility for relieving pain
and calming the patient, and they are normally well trained
to do this job. Food, shelter and medical care do not heal the
psychological trauma but ensure survival and might give
strength, will and mental readiness to confront the trauma
and cope with the experience.

Emergency treatment

In hospitals, the waiting rooms should have a friendly
appearance; and children, as a rule, should have preferential
treatment before adults to relieve their anxiety as fast as pos-
sible. It is also of great value to have a separate room for
waiting children, so as to avoid them being exposed to
frightening sights. The first step in the treatment of patients
in an emergency setting is to tell them that you are going to
help them and that you expect that there will be a success-
ful outcome to the treatment. In those rare cases where it is
obvious that nothing can be done, and that the teeth have
to be extracted, this remark has naturally to be omitted. The
next issue is to relieve pain. This is a precondition in order
to be able to treat the patient and to reduce the psycholog-
ical impact of the treatment situation. Pain can be treated
pharmacologically and non-pharmacologically, and both
means should be used in combination as they are comple-
mentary and reinforce each other. The non-pharmacologi-
cal methods are mainly directed towards diminishing fear
and anxiety. Only methods that can be used in acute situa-
tions will be mentioned here. Methods for decreasing
anxiety in the acute situation can roughly be grouped into
four: preparation, support, distraction and discussion of
post-trauma treatment.

Preparation
There is always time to prepare, and to give some informa-
tion (unless there is an immediate threat to life). The 
principle of ‘tell-show-do’ will allow the child to learn some-
thing about what will happen during treatment which 
will diminish anxiety. In other words, it is not a waste of
time to prepare for treatment but an ‘investment’. Tell the 
child in an age appropriate manner what is going to happen.
Ask the child questions and give him/her answers,
with details according to the child’s age. It is important to
be honest about what may happen during treatment. Take
care that the child does not use questions as a delaying 
technique just to postpone treatment. In a more developed
form, these principles are used as modelling/role-
playing and behavioral rehearsal (47). Allow the child to take
control over details by giving a choice that is realistic (i.e.
the child might decide on which side one should start pre-
paration). This will make the child feel that he/she is 
participating and strengthen his co-operation, since it makes 
clear to the child that it is possible for him to influence the
treatment.

Support
The presence of the parents is important to provide support
to the child. If this is not possible, an appropriate alterna-
tive adult will need to be identified. Include the parents in
all that is going to happen, give sufficient explanation to
reassure them, make them feel secure about the treatment
and they will comfort the child. This holds true, even for a
teenager, and not only for a small child. The behavior from
the whole staff in the emergency room is important: adults
who take time to listen to the child, who keep calm even if
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the situation is stressful, who know what to do and how to
do it in an efficient and confident way, will give the child a
sense of security. Also, the environment could make the
child relax. An emergency treatment ward designed for chil-
dren with toys and pictures feels friendly and more familiar
than a common hospital environment, and it offers some
distraction. Support also means that the staff explain every-
thing, emphasize the aspect of mending and tell about the
way to heal. Early treatment of pain is also supportive and
will make things easier not only in the emergency room but
also further on during long-term treatment. Short pauses
are important to give the child an opportunity to relax for
a while, maybe move around a little and ask questions before
concentrating on another session.

Distraction
The child could be distracted in the emergency room by 
listening to music (take care to have records that are popular
among children of different ages), by watching videos or by
telling a thrilling story. You could also distract the child from
surgical procedures by making him/her concentrate upon
something else, for example counting (i.e. number of lights
in the room) or pressing a hand very firmly for a certain
time. It might also be possible to involve the child in a
detailed imaginative story, thus concentrating upon some-
thing that is going on outside the emergency room (46). It
is recommended that children younger than five should
preferably be distracted from the surgical procedure,
whereas older children should have the choice whether they
prefer to look or to be distracted.

Discussion
Post-trauma treatment information is an essential part of
the treatment and will decrease anxiety significantly if given
in a proper way. This issue is further described in Chapter
35. Post-procedure discussion allows the child to ask 
questions about what happened and to clarify things that
might have been misunderstood in the acute situation. It is
important to give credence to the child’s thoughts and 
to answer honestly. Some children will need active encour-
agement from the staff to start talking. This post procedure
‘discussion’ could be done as a play with the youngest 
children.

Treatment

The same principles as those mentioned above regarding the
emergency situation are relevant also during treatment and
post-treatment and will not be repeated here. Remember
that information given in a stressful situation might not be
fully understood or remembered (51). Therefore it is neces-
sary to repeat all that has been told, maybe several times, to
check that it has been correctly interpreted. It is also impor-
tant to give written information and to give opportunities
for the patient and/or parents to ask questions more than
once. It is important to handle the acute situation in a way
that makes the person feel safe and protected so as to avoid
or limit the psychological secondary effects of the physical
trauma.

Post-treatment follow-up

The same factors should be followed as mentioned for emer-
gency treatment. It is very important that the patients are
adequately informed about the reasons for follow-up (iden-
tifying healing complications) and the necessity to perform
certain procedures, e.g. endodontics, extractions). See also
Chapter 35.

Economic consequences

In relation to this it is important to inform the patient about
means to reduce the economic impact of the trauma (e.g.
support from public or insurance companies; see also
Chapter 34).

Talking to children

Health professionals need to be aware of and able to control
their own emotions in relation to the patient. Even if one is
affected by what one sees, one must not express such feel-
ings in front of the child or the parents. As far as verbal
expression is concerned, most professionals are probably
trained to control themselves. However, it is important to
remember that body language expresses just as much as
words; and for the youngest children it is even more impor-
tant than words.

To communicate with an infant means that you mainly
‘talk with the body’ and the young child ‘talks’ to you in the
same way. Words by themselves mean nothing: what counts
is eye contact, mimicry, and pitch of the voice. The child
answers by smiling, crying, yelling, moving away or showing
interest and by imitating (78). All this is perceived by the
young child, whereas the words you use will be directed to
and understood by the parent(s). The toddler is very much
dependent upon body language in its communication and,
in particular, if words are contradictory they will rely upon
the body signals rather than the words to understand the
message.

Words will become more and more important as children
get older, and they act as an important support for the
child’s memory. In a sense, words are regarded as something
one collects, rather than concepts to describe a whole world
of associations; as a description, rather than as a symbol of
the thing concerned (48). During this period of life, children
love to imitate, for example, animals, and to identify them-
selves with familiar persons. This offers a way for them to
make contact. Children want certainty and regularity. They
want things to be repeated and done the same way every
time. You could ask their parents about the child’s specific
rituals, which animals or people or cartoon figures they
prefer to imitate or with which they identify. This might be
very helpful in establishing contact and making the child
cooperate. Remember that the child is still very dependent
upon the parents to understand and handle the environment
around him.
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In late childhood, there is still a great dependency upon
parents, but the child has reached a concept of self as a ‘me’
(18). Their verbal capacity has increased, which adds to the
child’s self-assurance in new situations and with foreign
people. It is important to remember that a child in crisis and
pain will not be able to handle the situation as in normal
circumstances (and this holds true for all ages). The child of
this age likes to use new adult words, but does not always
know the exact meaning. Thus it is crucial to ask the child:
‘What do you mean exactly?’ Praise the child for whatever
he/she achieves. A 4-year-old will be happy to try to follow
your instructions as long as he/she feels that you appreciate
his/her efforts.

During school age, children gradually achieve an adult
way of handling language: they talk correctly and are logical.
Still there is a lack of experience and a certain rigidity in
their thinking which might lead to false conclusions (48).
Therefore it is preferable to ask questions to find out 
exactly how they think, what ideas they have about the
outcome of treatment, and the procedures involved. Always
answer their questions and answer honestly. The dentist
must never be dishonest! It is important to make sure that
the school age child has a correct explanation for anything
they may ask. If the dentist is not honest, he/she will prob-
ably lose the child’s confidence forever, or at least for a very
long time. Listen carefully to understand the child’s real
worries, and attempt to try to understand and respond to
the child’s thoughts. Sometimes one might need to use adult
technical terms. If so, take care to explain the new word very
precisely. Making a ‘contract’ might be a way to solve a crit-
ical situation during treatment. This will usually be 
made between three parties: the child, the parent and the
professional (45).

During adolescence, the teenager expects to be treated like
an adult and also has the intellectual capacity to discuss and
think like one (48). Still, as a professional, one must remem-
ber that mood swings are common and there is a lack of
experience that might make things seem and feel worse.
Thus, as a professional, one has to be patient and to show
that you really want to understand the teenager’s thoughts,
ideas and feelings. The way you do this does not differ from
the techniques you use in talking to adults. There will prob-
ably be a great deal of arguing, which is typical for the age
group. You should be understanding, but also clear about
what can and cannot be done.

Essentials

• Dento-facial disfigurement may have social and psycho-
logical implications.

• In most cultures the face is regarded as the most precious
characteristic of human identity and, therefore, it enjoys a
privileged status in relation to the rest of the body. There
is evidence that the oral region is of primary importance
in determining overall facial attractiveness.

• Any deviation from the ‘norm’, such as a dento-facial dis-
figurement, will stigmatize a person and make that person

less acceptable socially. Deviation from the ‘norm’ can be
as simple as a dental anomaly or as complex as a cranio-
facial deformity.

• A pretty dentition (smile) is an essential feature both for
children and adults. A traumatic dental injury (TDI) may
destroy that appearance due to a fracture, discoloration of
teeth, and avulsion of teeth.

• Oral health influences how people look, speak, chew, taste
and enjoy food. Thus it influences how people socialize,
their self-esteem, self-image and their feelings of social
well-being.

• People with a relatively normal dental appearance are
judged as better looking, more desirable as friends, more
intelligent, and less likely to behave aggressively, and teach-
ers have higher expectations from them.

• There is some evidence to suggest that children who
sustain untreated TDI can attract unfavorable social
responses in becoming targets for nicknames, harassment
and teasing from other schoolchildren.

• The magnitude of the psychological impact will depend
on the type and severity of the injury, type of event asso-
ciated with the injury, level of pain and fear, and quality
of treatment provided.

• The trauma event in itself might have serious psycholog-
ical effects. Further negative effects could be reduced by
means of good emergency care, provision of shelter and
support to the child both at the site of injury and during
transport.

• Awaiting treatment is a stressful experience for children,
especially if they are also exposed to the frightening sight
of other emergency patients and are in unfriendly sur-
roundings. Try to reduce stress by arranging a separate
waiting room for children at the emergency ward and to
give them priority over adult patients, if possible for
medical reasons.

• Pain adds significantly to both physiological and psycho-
logical stress. This means that immediate and skilful pain
control should be given very early at the emergency ward
or if possible at the place of injury.

• Lack of postoperative information might add to emotional
stress during emergency treatment as the child anticipates
future problems. Give information, in as concise and 
positive a manner as possible, emphasise likelihood of
recovery and also give written information.

• Post-traumatic follow-up gives an excellent opportunity
to talk the whole treatment through: from the moment of
the injury until the expected end result. This will reduce
negative feelings about dental care.
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Child physical abuse – a definition

A child is considered to be abused if he or she is treated in
a way that is unacceptable in a given culture at a given time.
The last two clauses are important, because not only are chil-
dren treated differently in different countries, but also
within a country and even within a city there are subcultures
of behavior and variations of opinion as to what constitutes
abuse.

Child physical abuse – historical aspects

Violence towards children has been noted between cultures
and at different times within the same culture since early civ-
ilization. Infanticide has been documented in almost every
culture so that it can almost be considered a universal phe-
nomenon (1). Ritualistic killing, maiming and severe pun-
ishing of children in an attempt to educate them, exploit
them or rid them of evil spirits has been reported since early
biblical times and ritualistic surgery or mutilation of chil-
dren has been recorded as part of religious and ethnic tra-
ditions (2).

With the advent of urbanization and technological
advancement in the 18th century, more economic value was
placed upon the child by society and they were often used
as a cheap source of labor. Harsh punishments for relatively
minor misdemeanors were accepted and indeed expected in
the courts, the school and the home (3).

In the 19th century, Western societies became more pro-
tective towards children, and their lot gradually improved.
However, the mortality rate remained high, and the isolated
death of a child probably did not arouse suspicion. Lord
Shaftesbury, who campaigned to create better conditions in
Britain for children at work, recognized the problem of child
abuse at home, but was powerless to intervene: ‘The evils are
enormous and indisputable, but they are so private, internal
and domestic a character as to be beyond the reach of

legislation and the subject would not, I think, be entertained
in either House of Parliament.’ (Lord Shaftesbury 1880).

As more effective health care became available in the
developed countries, more children survived poor living and
working conditions. But in the middle of the 20th century
reports appeared in the USA of unexplained skeletal injury
to children (4, 5). These reports described unexpected skele-
tal trauma, sometimes associated with subdural hematoma.
The possibility that these injuries could have been inflicted
by a parent was recognized by some authors; but there
appears to have been a general reluctance to accept that
parents could wilfully abuse their offspring (6). However,
when Kempe et al. published their paper ‘The battered-child
syndrome’ in 1962 (7), the full impact of the physical mal-
treatment of children was brought to the attention of the
medical community and subsequently the general public.
The battered-child syndrome, or non-accidental injury
(NAI) is now usually referred to as child physical abuse. Its
recognition had such a profound effect upon the professions
and the public that within a few years the majority of states
in the USA had introduced laws which made it mandatory
for physicians, dentists and other health related profession-
als to report suspected cases. The primary aim of all profes-
sionals involved in the child protection process is to ensure
the safety of the child. The secondary aim is to provide help
and counselling for the parents or caregivers so that the
abuse stops.

Prevalence

Child physical abuse is part of the spectrum of child abuse
that also involves emotional abuse, sexual abuse and neglect.
Physical abuse is now recognized as an international issue
and has been reported in many countries (8–18). However,
despite this global recognition, prevalence rates in most
countries are still not available. In the USA in 2000 there
were 12.2 victims of maltreatment per 1000 children (19);
and this is a major threat to children’s mental health (20). It

7
Child Physical Abuse
R. R. Welbury

207



208 Chapter 7

was reported in 1989 that in Britain most departments of
social services and child welfare were notified of more than
20 times as many cases of suspected child abuse as they were
10 years previously (21). Although some of these reports
would prove to be unfounded, the common experience was
that proven cases of child abuse were four or five times as
common as they were a decade previously (21).

In Britain, at least 1 child per 1000 under 4 years of age
per year suffers severe physical abuse – for example frac-
tures, brain hemorrhage, severe internal injuries or mutila-
tion (22); and in the USA more than 95% of serious
intracranial injuries during the first year of life are the result
of abuse (23). Studies analyzing the attendance of children
in accident and emergency departments of hospitals have
shown that in the USA 10% of children younger than 5 (24)
and in Denmark 1.3 children per 1000 per year (25) will have
injuries that were wilfully inflicted. Each year as many as
1200 children in the USA (19) and 200 children in Britain
(26) will die as a result of abuse or neglect. In Scandinavia,
the estimated number of deaths from physical abuse is much
lower, at about 10 annually, giving an estimated frequency
of 0.5 child deaths per million inhabitants per year (27). A
common finding in all countries is that the workers con-
cerned with child abuse believe that many cases remain
undetected and the real mortality figures are considerably
higher.

Children of all ages are subject to physical abuse; but the
majority of cases occur in younger children (22) (Fig. 7.1).
This is partly because they are more vulnerable and partly
because they cannot seek help elsewhere. Children under 2
years of age are most at risk from severe physical abuse.
Death from abuse is rare after the age of 1 year. The number
of boys subjected to violence slightly exceeds that of girls;
and first-born children are more often affected. Within a
family, it is common for just one of the children to be abused
and the others to be free from such abuse.

Etiology

The etiology of physical abuse is based on the interaction
between the personality traits of the parents or the abusing
adult, the child’s characteristics and the environmental con-
ditions (28). Due to the wide variation in behavioral char-
acteristics, personality traits and psychiatric symptoms
among abusive adults, a specific abusive personality does not
exist. However, certain commonly recurring traits can be
recognized (8, 22, 29–31).

Physical abuse encompasses all social classes; but more
cases have been identified in the poorer socio-economic
groups. Many cases of physical abuse are by the child’s
parents or by persons known to the child (25). Often the
mother of the affected child may be divorced or single. It is
also common for a cohabitant who is living in the home, but
who is not related to the child, to be the perpetrator. Young
parents, often of low intelligence, are more likely to be
abusers. This is especially true if they have been exposed to

such behavior during their own childhood (32). Indeed,
abuse is thought to be 20 times more likely if one of the
parents was abused as a child (21). A significant proportion
of the perpetrators have a criminal record of some kind; and
although they usually do not have an identified mental
illness, they may exhibit personality traits predisposing to
violent behavior. Contributing factors to abuse on behalf of
the adults involved include alcohol and other drug misuse,
poverty, unemployment and marital problems. Children
already at risk may add to the stress by continually crying,
throwing tantrums, or soiling their clothes. In addition, the
child may be handicapped, be the result of an unwanted
pregnancy or may fail to attain the expectations of the
parents. These factors can provoke frustration in the most
stable parent. But in association with other stresses, they
may lead to physical neglect or injury.

Diagnosis

The most important step in recognizing the possibility that
an injury in a child has been caused on purpose is to believe
that it can happen in the first place. The diagnosis is a diffi-
cult intellectual and emotional exercise; and is one of the
most consuming tasks for a pediatrician, requiring time,
experience and emotional energy. Failure to spot the signs
and make the diagnosis can vitally influence a child’s future
life. At worst, it is a matter of life or death for the child.
Short of death, there may still be possible brain damage or
handicap.

Physical abuse is not a full diagnosis; it is merely a
symptom of disordered parenting. The aim of intervention
is to diagnose and cure (if possible) the disordered parent-
ing and abnormal family dynamics. It is not the intention to
take children away from their natural parents unless there is
serious risk of physical injury. In practice only about 
1–4% of all children who are the subject of referrals are
taken out of the home to a place of safety. In the 1970s it
was estimated that in the USA 5% of abused children who
were returned to the home environment without some 
form of intervention died following further trauma (33) and
35–50% sustained serious re-injury (33, 34). However, by
1986 it was recognized that probably as many as 50% of
severely abused children returned to the abuser would die of
recurrent abuse if proper therapeutic measures were not
introduced (35). In some cases, the occurrence of physical
abuse may provide an opportunity for intervention. If this
opportunity is missed, there may be no further opportunity
for many years.

There are no hard-and-fast rules to make the diagnosis of
physical abuse easier (36). The following list constitutes
seven classic indicators to the diagnosis. None of them is
pathognomonic on its own; neither does the absence of any
of them preclude the diagnosis of physical abuse (37).

(1) There is a delay in seeking medical help (or medical help
is not sought at all).
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(2) The story of the ‘accident’ is vague, is lacking in detail,
and may vary with each telling and from person to
person.

(3) The account of the accident is not compatible with the
injury observed.

(4) The parents’ mood is abnormal. Normal parents are full
of creative anxiety for the child; while abusing parents
tend to be more pre-occupied with their own problems
– for example, how they can return home as soon as
possible.

(5) The parents’ behavior gives cause for concern – for
example they may become hostile and rebut accusations
that have not been made.

(6) The child’s appearance and the interaction with their
parents are abnormal. The child may look sad, with-
drawn, or frightened.

(7) The child may say something concerning the injury that
is different to the parents’ story.

Types of orofacial injuries in child
physical abuse

At least 50% of cases diagnosed as child physical abuse have
orofacial trauma, which may or may not be associated with
injury elsewhere (8, 38–43). Although the face often seems
to be the focus of impulsive violence, facial fractures are not
frequent. The most detailed studies were those reported 
by Becker et al. (1978) (40), da Fonseca et al. (1992) (41),
Jessee (1995) (42) and Cairns et al. (2005) (43). In Becker’s
study the medical records of 260 cases of child abuse 
admitted to The Children’s Hospital in Boston between 1970
and 1975 were reviewed. One-hundred-and-twenty-eight
(49%) of the patients had facial and/or intra-oral trauma.
An additional 16% of the children had injuries to the head,
such as skull fractures, subdural hematomas, contusions and
lacerations of the scalp. Of the 236 injuries sustained by the
orofacial structures, 61% involved the face (66% contusions
and ecchymoses, 28% abrasions and lacerations, 4% burns
and bites, 2% fractures) and 6% the intraoral structures
(43% contusions and ecchymoses, 28% abrasions and lacer-
ations, 28% dental trauma). In da Fonseca’s study the
number of cases was higher (1248) but the spectrum of
injuries was similar. The incidence of orofacial signs in 
physical abuse was 78%, sexual abuse 13%, and neglect 
24%. In all types of abuse the average incidence of orofacial
signs was 34%. Jessee’s study undertaken in Texas found that
out of 266 patients with physical abuse some 65% had 
orofacial injuries, and Cairns et al. in Scotland found a 
figure of 59% with orofacial injuries in a similar population
of 390 children. In all the studies it was found that soft 
tissue injuries, most frequently bruises, were the most
common injury sustained to the orofacial structures in phys-
ical abuse.

It is extremely important to state that there are no injuries
which are pathognomonic of child abuse. Any text that sug-
gests so is incorrect.

Bruising

Accidental falls rarely cause bruises to the soft tissues of the
cheek; but instead involve the skin overlying bony promi-
nences such as the forehead or cheekbone. Inflicted bruises
occur at typical sites and/or fit recognizable patterns (Table
7.1) (25). The clinical dating of bruises according to color is
inaccurate (44, 45). However bruises of different vintage
indicate more than one episode of abuse and, together with
extensive bruising and a history of minimal trauma, bruises
of different vintages are very suggestive of physical abuse
(Fig. 7.1).

Bruises on the ear are commonly due to the child being
pinched or pulled by the ear (Fig. 7.1); and there will usually
be a matching bruise on the posterior surface of the ear.

Bruises or cuts on the neck are almost always due to being
choked or strangled by a human hand, cord or some sort of
collar. Accidents to this site are extremely rare and should be
looked upon with suspicion. ‘Resuscitation’ attempts do not
leave bruises on the face or neck. Bruising and laceration of
the upper labial frenum of a young child can be produced
by forcible bottle feeding and is another injury of physical
abuse, but one which may remain hidden unless the lip is
carefully everted (Fig. 7.2). The same injury can also be
caused by gagging or gripping and violent rubbing of the
face; and may be accompanied by facial bruising/abrasions.
A frenum tear is not uncommon in the young child who
accidentally falls while learning to walk (generally between
8–18 months). However, a frenum tear in a very young non-
ambulatory patient (less than 1 year) should arouse one’s
suspicion as to the possibility of this injury being non-
accidental (46).

Human hand marks

The human hand can leave various types of pressure bruises:
grab marks or fingertip bruises, linear marks or finger-edge
bruises, handprints, slap marks and pinch marks (25). The
most common types are grab marks or squeeze marks which
leave oval-shaped bruises that resemble fingerprints. Grab
mark bruises can occur on the cheeks if an adult squeezes a
child’s face in an attempt to get food or medicine into his
mouth. This action leaves a thumb mark bruise on one
cheek and 2–4 finger mark bruises on the other cheek.
Linear marks are caused by pressure from the entire finger.

Table 7.1 Typical sites for inflicted bruises.

Buttocks and lower back (paddling)
Genitals and inner thigh
Cheek (slap marks)
Earlobe (pinch marks)
Upper lip and frenum (forced feeding)
Neck (choke marks)
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In slap marks to the cheek, parallel linear bruises at finger-
width spacing will be seen to run through a more diffuse
bruise (Fig. 7.3). These linear bruises are due to the capil-
laries rupturing at the edge of the injury (between the strik-
ing fingers), as a result of being stretched and receiving a
sudden influx of blood.

Bizarre bruises

Bizarre-shaped bruises with sharp borders are nearly always
deliberately inflicted. If there is a pattern on the inflicting
implement, this may be duplicated in the bruise – so-called
tattoo bruising (Fig. 7.4).

Abrasions and lacerations

Penetrating injuries to the palate, vestibule and floor of the
mouth can occur during forceful feeding of young infants;
these are usually caused by the feeding utensil.

BA

Fig. 7.1 Three-year-old boy suffering from physical abuse. Note bruising of different vintages involving the skin overlying the bony prominences of the
cheekbones and the soft tissue areas of the cheek and circumoral region. This history was inconsistent with the amount, degree and vintage of the bruis-
ing. The ‘pinch’ type bruises on the superior surface of the right ear was a result of the ear being held between the fingers and thumb of the abuser
and then pulled.

Fig. 7.2 A torn labial frenum and bruising of the buccal sulcus, sustained
during forceful feeding.
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Abrasions and lacerations on the face may be caused by a
variety of objects, but are most commonly due to rings or
fingernails on the inflicting hand and injuries are rarely con-
fined to the orofacial structures (Figs 7.1 and 7.5).

Burns

Approximately 10% of physical abuse cases involve burns
(47). Burns of the oral mucosa can be the result of forced
ingestion of hot or caustic fluids in young children. Burns
from hot solid objects applied to the face are usually without
blister formation and the shape of the burn often resembles
its agent. Cigarette burns give circular, punched out lesions
of uniform size (Figs 7.5 and 7.9). Lesions produced by cig-
arette burns may resemble bullous impetigo, hence it is crit-
ical to reiterate the point made earlier that no single type of
lesion is pathognomonic of child abuse.

Bite marks

Human bite marks are identified by their shape and size (Fig.
7.6). When necessary, serological techniques are available
and may assist in identification (48). The nature and loca-
tion of the bite is likely to change with increasing age of the
child. In infants, bite marks tend to be punitive and are often
a response to soiling or crying. As a result, bite marks may
appear anywhere; but they tend to be concentrated on the
cheek, arm, shoulders, buttocks or genitalia. In childhood,
bite marks tend to be less punitive and more a function of
assault or defense. Sexually orientated bite marks occur
more frequently in adolescents and adults (49). However, a
bite mark at any age should raise the suspicion of child
sexual abuse.

The duration of a bite mark is dependent on the force
applied and the extent of tissue damage. Teeth marks that
do not break the skin are visible up to 24 hours. In those
cases where the skin is broken, the borders or edges will be
apparent for several days depending on the thickness of the
tissue. Thinner tissues retain the marks longer (50).

Dental trauma

Trauma either to the primary or permanent dentition in
physical abuse can be due to blunt trauma (Fig. 7.7). A
similar range of injuries to those found in accidental trauma
is seen.

Eye injuries

Most periorbital bruises caused by child physical abuse
involve both sides of the face. Ocular damage in child 

Fig. 7.3 A slap mark bruise. Three
parallel linear bruises at finger-width
spacing can be seen to run through a
more diffuse bruise.

Fig. 7.4 Tattoo bruising in the right forehead region of the child in Fig.
7.1. The exact object causing this injury was not known.
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physical abuse includes acute hyphema, dislocated lens,
traumatic cataract and detached retina (51). More than half
of these injuries result in permanent impairment of vision
affecting one or both eyes.

Bone fractures

Fractures are among the most serious injuries sustained in
physical abuse. They may occur in almost any bone and may
be single or multiple, clinically obvious, or occult and
detectable only by radiography. Most fractures in physically
abused children occur under the age of 3 (52). In contrast,
accidental fractures occur more commonly in children of
school age.

Facial fractures are relatively uncommon in children.
They can, however, occur during physical assault with nasal
fractures occurring most frequently (45%), followed by
mandibular fractures (32%), and zygomatic maxillary
complex and orbit fractures (20%) (53).

The presence of a fracture of the facial skeleton in a case
of child physical abuse is an indication for a full skeletal 

Fig. 7.5 Multiple superficial lacerations, extensive facial bruising of different vintages, a cigarette burn of the forehead and a ‘pinch’ injury of the left
ear in a child subjected to repeated physical abuse. There are numerous pinch mark bruises over the chest and abdomen, extensive bruising over the
suprapubic region and a number of small abrasions and lacerations.

Fig. 7.6 A human bite-mark injury on the right cheek.
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radiographic survey (Fig. 7.8). Generally the force required
to produce a facial fracture in a child is greater than that
required to produce metaphyseal, epiphyseal, spiral, oblique
and transverse fractures in long bones. A skeletal survey of
a child who has suffered child physical abuse may show evi-
dence of multiple fractures at different stages of healing.

In some instances, a number of the varied features men-
tioned above may be present at any one time and the diag-
nosis of child physical abuse will be clear. However, there are
occasions when clinical evidence is inconclusive and the
diagnosis merely suspected.

Differential diagnosis

Although dental practitioners should be suspicious of all
injuries to children, they should never consider the diagno-
sis of child physical abuse on the basis of one sign, as various
diseases can be mistaken for child physical abuse. Impetigi-
nous lesions may look similar to cigarette burns (Figs 7.9
and 7.10); birthmarks can be mistaken for bruising; and
conjunctivitis can be mistaken for trauma. All children who
are said to bruise easily and extensively should have a full
blood count, platelet estimation and blood coagulation
studies to eliminate a blood dyscrasia (e.g. leukemia),
a platelet deficiency (e.g. thrombocytopenia) or other 
hemorrhagic disorders (e.g. hemophilia, von Willebrand’s
disease).

The dentist’s role in the management of
child physical abuse

The dental practitioner may be the first professional to
suspect physical abuse as a result of injuries involving the
orofacial structures (54–63). The primary aim of all profes-
sionals involved is to ensure the safety of the child. The sec-
ondary aim is to provide help and counseling for the parents
or care givers so that the abuse stops. The method of liaison
and referral between dental practitioners and the other
health care professionals involved in child abuse cases will
vary, not only from country to country, but also between
cities and different regions within one country. It is now 
law in a number of countries that regional child welfare

Fig. 7.7 Luxation of four incisors and extensive bruising in the upper
buccal sulcus sustained as a result of a blow to the mouth.

Fig. 7.8 A fracture of the nasoethmoidal complex caused by a heavy blow
to the midface.

Fig. 7.9 A discrete well demarcated lesion, typical of the appearance of
a cigarette burn.
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departments issue procedural guidelines for dental practi-
tioners in suspected child abuse cases. A small number of
studies have investigated general dental practitioners’ views
on their role within child protection or on possible barriers
specifically related to child protection which militate against
their undertaking such a role (64–71). They felt some reluc-
tance to become involved because of their lack of knowledge
both of the signs of child abuse and the workings of the
other agencies involved in child protection. They also
reported significant concerns about how notifying possible
incidents might affect the child, family unit and practice.
This suggests a lack of knowledge about the aim of the child
protection agencies that are not only to protect children
from further abuse but also to strengthen the family unit. It
seems highly likely that unless this training issue is
addressed, children will present to dentists with indicators
of potential abuse and will receive an inadequate and/or
inconsistent response to their need for protection. This is
particularly disturbing as the consequences of such inade-
quate responses from health and social care professionals
have recently been widely publicized in landmark cases (72).

A child with a severe injury should be referred immedi-
ately to a hospital-based consultant pediatrician. Where sus-
picions are aroused in other cases, the dentist should speak
to the designated person in the local guidelines who will
advise on the appropriate course of action.

Dental practitioners should ensure that their clinical
records are completed immediately with illustrations of the
size, position and type of injuries. Photographic documen-
tation would be beneficial in this respect. These records may
be referred to in any subsequent case conference or legal
proceedings.

In law the needs of a child are paramount. Dental practi-
tioners should not feel any guilt about referring a child in
need to the child protection services as they are not accus-

ing either parent; they are simply asking for help and a
second opinion on an important and difficult diagnosis. It
is neither in the interest of the child nor the parents for child
abuse to be covered up. To do so leaves the parents at greater
risk of inflicting more severe injuries next time, being
imprisoned for causing more severe injuries, and long-term
loss of custody of their children. Early intervention may help
to prevent these events. Failure to follow up suspicions is a
form of professional negligence. Dental practitioners should
be aware that in the United States a doctor who fails to
report suspected child abuse is guilty of a federal offence that
is punishable by imprisonment.

This said, it must be stressed that the diagnosis of child
physical abuse is a difficult one to make with certainty.
Because of the high frequency of intraoral and facial
injuries, dental professionals comprise a very important part
of the team necessary for identifying and reporting child
abuse and neglect (41, 73). However, the team approach is
absolutely necessary, whereby members of multiple special-
ties collaborate to confirm the diagnosis of child physical
abuse. Successful child protection involves the sharing of
albeit small pieces of information between the caring agen-
cies to obtain a whole picture of that child and their envi-
ronment. Without adequate training, dental staff will not
feel empowered to take responsibility for referring a child to
the protection services. This mismatch between dental prac-
titioners’ attitudes to and knowledge of the child protection
process and the reality of child abuse poses of itself a sig-
nificant risk to children.

In conclusion, the dental practitioner’s contribution to
the management of child physical abuse. should be to (31):

(1) recognize the possibility of physical abuse
(2) provide essential emergency dental treatment and

arrange further treatment if required
(3) inform the appropriate authorities of his or her 

suspicions.

Essentials

Terminology

• Non-accidental injury (NAI) or child physical abuse.

Frequency

• Prevalences in children range from 0.1% to 10% in various
countries.

Clinical findings

• Delay in seeking treatment
• Explanation for injury does not fit the clinical findings
• Explanation for injury may differ with each telling and

from person to person
• Abnormal parental reaction and behavior
• Type of relationship between parents and child

Fig. 7.10 An impetiginous lesion which can resemble the appearance of
a cigarette burn.
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• The child’s reaction to other people
• The child’s story may differ from parents’
• 50% of child physical abuse cases have orofacial findings
• Usually more than one sign present
• Hematomas of different vintage suggest repeated trauma.

Treatment

• Recognize the possibility of physical abuse
• Provide emergency dental treatment
• Refer the patient for a medical examination.
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Classification

A fundamental prerequisite for the study of a disease or con-
dition is an accurate definition of the disease or condition
under investigation. Traumatic dental injuries (TDI) have
been classified according to a variety of factors, such as 
etiology, anatomy, pathology, therapeutic considerations
(1–14, 62, 131, 132, 200–205), and degree of severity (151,
172, 188, 206–208).

Classification in the clinic

The present classification is based on a system adopted by
the World Health Organization (WHO) in its Application of
international classification of diseases to dentistry and stoma-
tology (133). However, for the sake of completeness, it was
felt necessary to define and classify certain trauma entities
not included in the WHO system. The following classifica-
tion includes injuries to the teeth, supporting structures,
gingival, and oral mucosa and is based on anatomical, ther-
apeutic, and prognostic considerations and can be applied
to both the primary and the permanent dentitions (Table
8.1, Figs 8.1 to 8.4). The code number is according to the
International Classification of Diseases (1992) (133). This
classification is appropriate to use in a dental surgery with
diagnostic aids such as pulp sensibility tests, transillumina-
tion, and radiographic examination. In this text the WHO
classification will be used to describe the various trauma
types.

Field screening

Epidemiological studies may also be performed as field
screenings, but they lack some of the methods used in

clinics, for example radiographic examination. A solution to
this is to use a classification that is a compilation based on
the most common classifications currently used in epidemi-
ological surveys. It is very similar to the one proposed by
Ellis and Davey in 1970 (6).

The second epidemiological classification (Table 8.2) pre-
sented here is not a new classification, but a compilation
based on common classifications currently used in epi-
demiological surveys. It is similar to the one proposed by
Ellis and Davey in 1970 (6). In addition, the current classi-
fication reorganized the categories into a logical system
reflecting the level of severity of the injury and the com-
plexity of the treatment required. The epidemiological clas-
sification includes 6 categories: no TDI, treated TDI, enamel
fracture only, enamel and dentin fracture, pulp injury, and
missing tooth due to TDI (Table 8.2). The prevalence of TDI
obtained using this classification can be directly compared
to those recorded in most studies carried out in several
countries, for example, the UK (212) and USA (210) (Table
8.3). It is important to note that many signs and symptoms
assessed in a dental surgery at the time of the injury (Table
8.2) cannot be identified in a survey. For example, injuries
to the supporting structures are not included in any classi-
fication because they do not leave a visible permanent
marker, such as tooth fractures. Similarly, other signs are
excluded because surveys do not use diagnostic aids. Hospi-
tal or surgery based studies present a similar challenge as
these do not record injuries in those who did not visit a
dentist due to the injury. In the UK, two out of each three
children presented with untreated TDI (212). Thus, the
prevalence of TDI tends to be grossly underestimated unless
one carries out a prospective study including a random
sample from a population.

To assess the prevalence of TDI one needs to record both
the presence of treated and untreated TDIs. Also, it may be
of interest to know the type of treatment provided and
needed.

8
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Table 8.1 Clinical classification of traumatic dental injuries (TDI) including codes of the WHO International Classification of Diseases to Dentistry and 
Stomatology.

(a) Injuries to the hard dental tissues and the pulp (Fig. 8.1).

Code Injury Criteria

N 502.50 Enamel infraction An incomplete fracture (crack) of the enamel without loss of tooth substance
(Fig. 8.1, A).

N 502.50 Enamel fracture (uncomplicated crown A fracture with loss of tooth substance confined to the enamel
fracture) (N 502.50) (Fig. 8.1, A).

N 502.51 Enamel-dentin fracture (uncomplicated A fracture with loss of tooth substance confined to enamel and dentin, but not 
crown fracture) involving the pulp (Fig. 8.1, B).

N 502.52 Complicated crown fracture A fracture involving enamel and dentin, and exposing the pulp (Fig. 8.1, C).
N 502.54 Uncomplicated crown-root fracture A fracture involving enamel, dentin and cementum, but not exposing the pulp 

(Fig. 8.1, D).
N 502.54 Complicated crown-root fracture A fracture involving enamel, dentin and cementum, and exposing the pulp 

(Fig. 8.1, E).
N 502.53 Root fracture A fracture involving dentin, cementum, and the pulp (Fig. 8.1, F). Root fractures 

can be further classified according to displacement of the coronal fragment, see 
under Luxation injuries.

(b) Injuries to the periodontal tissues (Fig. 8.2).

Code Injury Criteria

N 503.20 Concussion An injury to the tooth-supporting structures without abnormal loosening or 
displacement of the tooth, but with marked reaction to percussion (Fig. 8.2, A).

N 503.20 Subluxation (loosening) An injury to the tooth-supporting structures with abnormal loosening, but without 
displacement of the tooth (Fig. 8.2, B).

N 503.20 Extrusive luxation (peripheral dislocation, Partial displacement of the tooth out of its socket (Fig. 8.2, C).
partial avulsion)

N 503.20 Lateral luxation Displacement of the tooth in a direction other than axially. This is accompanied by 
comminution or fracture of the alveolar socket (Fig. 8.2, D).

N 503.21 Intrusive luxation (central dislocation) Displacement of the tooth into the alveolar bone. This injury is accompanied by 
comminution or fracture of the alveolar socket (Fig. 8.2, E).

N 503.22 Avulsion (exarticulation) Complete displacement of the tooth out of its socket (Fig. 8.2, F).

(c) Injuries to the supporting bone (Fig. 8.3).

Code Injury Criteria

N 502.40 Comminution of the maxillary alveolar socket Crushing and compression of the alveolar socket. This condition is found concomitantly 
with intrusive and lateral luxations (Fig. 8.3, A).

N 502.60 Comminution of the mandibular alveolar 
socket

N 502.40 Fracture of the maxillary alveolar socket wall A fracture confined to the facial or oral socket wall (Fig. 8.3, B).
N 502.60 Fracture of the mandibular alveolar socket 

wall
N 502.40 Fracture of the maxillary alveolar process A fracture of the alveolar process which may or may not involve the alveolar socket 

(Figs 8.3, C and D).
N 502.60 Fracture of the mandibular alveolar process
N 502.42 Fracture of the maxilla A fracture involving the base of the maxilla or mandible and often the alveolar 

process (jaw fracture). The fracture may or may not involve the alveolar socket
N 502.61 Fracture of the mandible (Figs 8.3, E and F).

(d) Injuries to gingiva or oral mucosa (Fig. 8.4).

Code Injury Criteria

S 01.50 Laceration of gingiva or oral mucosa A shallow or deep wound in the mucosa resulting from a tear, and usually produced 
by a sharp object (Fig. 8.4, A).

S 00.50 Contusion of gingiva or oral mucosa A bruise usually produced by impact with a blunt object and not accompanied by a 
break in the mucosa, usually causing submucosal hemorrhage (Fig. 8.4, B).

S 00.50 Abrasion of gingiva or oral mucosal A superficial wound produced by rubbing or scraping of the mucosa leaving a raw,
bleeding surface (Fig. 8.4, C).



Table 8.2 Epidemiological classification of traumatic dental injuries (TDI) including codes of the WHO International Classification of Diseases to Den-
tistry and Stomatology.

Code Injury Criteria

Code 0 No injury No evidence of treated or untreated dental injury.

Code 1 Treated dental injury Composite restoration, bonding of the tooth fragment, crown, denture or bridge pontics replacing 
missing teeth due to TDI, restoration located in the palatal/lingual surface of the crown 
suggesting endodontic treatment and no evidence of decay, or any other treatment provided due 
to TDI.

Note: Composite restorations may be difficult to recognize. It is crucial to use the CPI probe to 
detect any loss in continuity in the labial and/or lingual/palatal surfaces.

Code 2 Enamel fracture only Loss of a small portion of the crown, including only the enamel.
(N 502.50) (Fig. 8.1, A)

Code 3 Enamel/dentin fracture Loss of a portion of the crown, including enamel and dentin without pulp exposure.
(N 502.51) (Fig. 8.1, B)

Code 4 Pulp injury Signs or symptoms of pulp involvement due to dental injury. It includes fractures with pulp exposure,
(N 502.52) (Fig. 8.1, C) dislocation of the tooth, presence of sinus tract and/or swelling in the labial or lingual vestibule 
(N 502.53) (Fig. 8.1, F) without evidence of caries and discoloration of the crown. The examiner must check if pulp 
(N 502.54) (Fig. 8.1, E) involvement was due to caries (presence of treated or untreated caries lesion, and ask the subject 
(N 503.20) (Figs 8.2, C, D) whether they have a history of a harmful incident involving the front teeth/mouth.
(N 503.21) (Fig. 8.2, E)

Code 5 Missing tooth due to trauma Absence of the tooth due to a complete avulsion. Code 5 should be used only for teeth judged to be 
(N 503.22) (Fig. 8.2, F) missing due to trauma. A positive history of trauma is needed to record missing due to trauma 

and the examiner must ask the subject if the avulsion was due to a harmful incident involving the 
front teeth/mouth or have been extracted due to caries.

Code 9 Excluded tooth Signs of traumatic injury cannot be assessed, i.e. presence of appliances or all permanent incisors 
missing due to caries.

Table 8.3 Reported prevalence of traumatic dental injuries (TDI) in population based surveys.

Examiner Year Country Age groups Sample size No. with TDI %

Holland et al. (236) 1994 Ireland 16–24 400 54 13.5
25–34 346 52 15.0

Josefsson & Lilja 1994 Sweden1 7–17 750 88 11.7
Karlander (373)
Hargreaves et al. (245) 1995 USA 11 1,035 160 15.4
Kaste et al. (210) 1996 USA 6–50 154 million 39 million 24.9

6–20 50 million 9 million 18.4
21–50 104 million 29 million 28.1

Otuyemi et al. (246) 1996 Nigeria 1–5 1,401 432 30.8
Petti & Tarsitani (374) 1996 Italy 6–11 824 20.3
Borssén & Holm (225) 1997 Sweden 16 3,007 1,040 35
Hamilton et al. (201) 1997 England 11–14 2,022 696 34.4
Rodd & Chesham (274) 1997 UK 14–15 557 44.2
Carvalho et al. (262) 1998 Belgium 3–5 750 18.0
Chen et al. (220) 1999 Central Taiwan 8 1,200 193 16.5
Hargreaves et al. (255) 1999 South Africa 1–5 1,466 220 15.0
Marcenes et al. (215) 1999 Syria 9 248 13 5.2

10 343 23 6.7
11 334 32 9.6
12 162 19 11.7

Sgan-Cohen et al. (375) 2000 Israel 10–11 1,195 32
Al-Majed et al. (258) 2001 Saudi Arabia3 5–6 354 116 32.8

12–14 862 296 34.3
Cortes et al. (248) 2001 Brazil 9 578 46 8.0

10 573 52 9.1
11 608 64 10.5
12 649 88 13.6
13 722 106 14.7
14 572 92 16.1

Marcenes et al. (240) 2001 Brazil 12 652 382 58.6
Marcenes & Murray (242) 2001 England 14 2,242 531 23.7
Nicolau et al. (269) 2001 Brazil 13 652 133 20.4
Nik-Hussein (250) 2001 Malaysia 16 4,085 169 4.1
Perheentupa et al. (270) 2001 Finland 31 5,737 43.3
Marcenes & Murray (266) 2002 England 14 411 43.8
Kramer et al. (252) 2003 Brazil 0–6 1,545 548 35.5
Shulman & Peterson (237) 2004 USA 8–50 15,364 23.5

6–20 6,558 16.0
21–50 8,806 27.1

1 Rural population; 2 national survey; 3 urban males.
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Fig. 8.1 Injuries to the hard dental tissues and pulp. A. Crown infraction and uncomplicated fracture without involvement of dentin. B. Uncomplicated
crown fracture with involvement of dentin. C. Complicated crown fracture. D. Uncomplicated crown-root fracture. E. Complicated crown-root fracture. F.
Root fracture.
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Fig. 8.2 Injuries to the periodontal tissues. A. Concussion. B. Subluxation. C. Extrusive luxation. D. Lateral luxation. E. Intrusive luxation. F.
Exarticulation.
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Fig. 8.3 Injuries to the supporting bone. A. Comminution of alveolar socket. B. Fractures of facial or lingual alveolar socket wall. C. and D. Fractures 
of alveolar process with and without involvement of the tooth socket. E. and F. Fractures of mandible or maxilla with and without involvement of the
tooth socket.
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A B C

Fig. 8.4 Injuries to gingiva or oral mucosa. A. Laceration of gingiva. B. Contusion of gingiva. C. Abrasion of gingiva.

Fig. 8.5 Proportion of injured parts of the body (all ages). From EILERT-
PETERSSON et al. (216) 1997.

Fig. 8.6 Proportion of injured parts of the body (ages 0–6 years). From
EILERT-PETERSSON et al. (216) 1997.

Epidemiology

TDI is a neglected oral condition despite its relatively high
prevalence, significant impact on individuals and society,
and sound body of knowledge about its causative factors and
treatment. In addition, the remarkable decline of the preva-
lence and severity of dental caries amongst children in many
countries (1–5) may have made TDI the most serious dental
public health challenging among youth in those countries
(215). This is because TDI affects mainly the front teeth,
thus esthetic and facial attraction, while dental caries in chil-

dren with low levels of the disease present only small
occlusal caries in molars. Furthermore, most treatments
needed for TDI are more complex and expensive than treat-
ment of occlusal caries.

Although the oral region comprises as small an area as 1%
of the total body area, a population based Swedish survey
has shown that it accounts for 5% of all injuries in all ages
(Fig. 8.5) (216). In pre-school children in Sweden, traumatic
oral injuries may make up as much as 17% of all bodily
injuries, with injuries to the head being the most common
(Fig. 8.6) (216).



Worldwide the proportion of maxillofacial trauma in
relation to all types of trauma reported from hospital 
accident and emergency departments varies from 9% (217)
to 33% (218).

Prevalence and incidence

References of prevalence and incidence of TDI up to the year
1993 are presented in the third edition of Textbook and color
atlas of traumatic injuries to the teeth (213). As shown in
Table 8.3, the prevalence of TDI still varies considerably.
This variation reflects not only socio-economic, behavioral
and cultural diversity, but also the lack of standardization of
methods and classifications observed in the literature. The
use of standardized epidemiological protocols would facili-
tate comparison between countries. For example, differences
in age and sex distribution between population based
studies examined have significantly contributed to the large
variation observed in the literature.

The prevalence of TDI is high worldwide (Table 8.3). A
large national survey in the USA in 6–50-year-olds showed
that approximately 1 in 4 adults had evidence of TDI (210).
In the UK, 1 in 5 children have experienced TDI to their per-
manent anterior teeth before leaving school (212). One way
to eliminate the influence of age is to study the prevalence
of TDI at given stages of development, such as for the
primary dentition at the age of 5 (i.e. prior to the mixed den-
tition period) and at the age of 12 (i.e. after the mixed den-
tition period and the period of high trauma incidence) (see
Tables 8.4 and 8.5).

The prevalence of TDI is likely to be much higher than
the figures presented in Table 8.3. Apart from a few longi-
tudinal studies, most reports are cross-sectional, which
means that registration of previous injuries is to a certain
extent dependent upon information from either the child or
parents, which can entail a significant error. A clinical study
demonstrated that parents in about half the cases of previ-
ously recorded injuries to primary teeth in a pre-school
dental clinic denied in a questionnaire that such injuries had
occurred (64). Furthermore, the lack of diagnostic aids in
cross-sectional surveys implies missing several relevant signs
of TDI, such as luxation injuries (concussion, subluxation,
intrusion, extrusion), pulp injuries, root fractures and

resorptions, periapical lesions, replanted teeth and injuries
to the supporting bone, gingiva and oral mucosa.

Very few studies assessed the incidence of TDI (Table 8.6).
The findings of a prospective study, where all dental injuries
occurring from birth to the age of 14 years were carefully
registered, demonstrated that 30% of the children had sus-
tained injuries to the primary dentition and 22% to the per-
manent dentition (Figs 8.7 and 8.8). Altogether, every
second child had sustained a TDI by the age of 14 years (64).
In another prospective study, carried out in Australia, an
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Table 8.4 Prevalence of traumatic dental injuries to primary teeth in 5-
year-olds (percent).

Examiner Year Country Male Female

Andreasen & Ravn (64) 1972 Denmark 31.3 24.6
García-Godoy et al. 1983 Dominican 33.6 28.9

(168) Republic
Forsberg & Tedestam 1990 Sweden 28.0 16.0

(178)
Sanchez & García- 1990 Mexico 40.0 –

Godoy (179)
Stecksén-Blicks & 1992 Sweden 27.0 

Holm (376)* (M + F)

* 4-year-olds.

Table 8.5 Prevalence of traumatic dental injuries to permanent teeth in
12-year-olds (percent).

Examiner Year Country Male Female

Andreasen & Ravn (64) 1972 Denmark 25.7 16.3
Clarkson et al. (114) 1973 England 11.6 9.6
Todd (182) 1973 England 22.0 12.0
Todd (183) 1983 England 29.0 16.0
Järvinen (108) 1979 Finland 33.0 19.3
Baghdady et al. (166) 1981 Iraq 19.5 16.1
Baghdady et al. (166) 1981 Sudan 16.5 3.6
García-Godoy et al. (170) 1985 Dominican 18.0 12.0

Republic
García-Godoy et al. (171) 1986 Dominican 31.7 15.0

Republic
Holland et al. (172) 1988 Ireland 21.2 12.1
Hunter et al. (177) 1990 England 19.4 11.0
Forsberg & Tedestam (178) 1990 Sweden 27.0 12.0
Marcenes et al. (244) 2000 Brazil 20.7 9.3
Cortes et al. (248) 2001 Brazil 7.1 6.5
Traebert et al. (233) 2003 Brazil 22.4 15.1
Hamdan & Rajab (341) 2003 Jordan 17.1 10.5
Soriano et al. (243) 2004 Brazil 30.0 16.1

Table 8.6 Reported incidence of traumatic dental injuries in longitudinal
surveys during one year.

Examiner Year Country Age Per 100

Ravn & Rossen (20) 1969 Denmark 7–16 3
Andreasen & Ravn 1972 Denmark 0–14 4

(64)
Hedegård & 1973 Sweden 7–15 1.5

Stålhane (78)
Ravn (77) 1974 Denmark 7–16 3
Hansen & Lothe (185) 1982 Norway 7–18 2.5
Stockwell (159) 1988 Australia 6–12 1.7
Glendor et al. (206) 1996 Sweden 0–19 1.3

0–6 1.5
7–19 1.3

Borssén & Holm 1997 Sweden 1–16 2.8
(225)*

Eilert-Petersson 1997 Sweden All ages 0.4
et al. (216)** 0–12 1.8

Skaare & Jacobsen 2003 Norway 7–18 1.8
(219)

* The yearly incidence of 16-year-olds born in 1975 and followed retro-
spectively until 1991.
** Oral injuries including dental injuries, injuries to the mandible or
maxilla and injuries of oral soft tissue.
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incidence of 20 cases of TDI per thousand per year in chil-
dren aged 6–12 years was reported (181). In a Swedish
prospective study, the mean incidence for boys was 1.6 and
for girls 1.0 per 100 individuals per year in the age interval
0–19 years (206).

Trends

The trend in TDI is not as clear and well documented as the
trend in dental caries. Very few comparable studies allow
identifying a trend in TDI. Data from the last 20–30 years
suggest that there has not been a significant change in TDI
in children and adolescents in Scandinavian countries (219).
Similarly, data from the USA suggested small changes, 18.4%
and 16% in 1996 and 2004 among 6–20-year-old individu-

als (Table 8.3). Data from the UK showed a small reduction,
but not a clear trend (Fig. 8.9). Variations may be explained
by variation in measuring TDI. Also, data from 1973 to 1993
refers to England and Wales, while in 2003 only England. It
is of interest to compare trends in dental caries and TDI. It
seems that the prevalence of dental caries is falling more
rapidly than TDI. If this trend continues TDI may became
more prevalent than dental caries.

Repeated trauma episodes

Dental trauma affects children and adolescents unequally.
Some individuals are not affected at all or just once, while
others suffer from repeated trauma episodes (201, 210, 220,
222, 223, 378) (Fig. 8.10), with no gender differences
(224–227), and with repeated trauma episodes to the same
teeth (78, 181, 226, 228). Frequencies of repeated trauma
episodes have been reported to range from 4 to 49% (16, 40,
54, 65, 77–79, 159, 201–220, 225–226, 229), while repeated
trauma episodes to the same teeth have been reported to
range from 8 to 45% (78, 181, 226, 229). The risk of sus-
taining a second TDI episode has been found to be eight-
fold for patients with their first trauma episode at 9 years of
age, compared with 12 years of age (226). Due to the
increased risk for some individuals of sustaining multiple
trauma episodes during life, prevention and/or orthodontic
treatment must be performed at an early stage in life (226,
228). Prevention should be based on behavioral and envi-
ronmental changes. Orthodontic treatment should be pro-
vided if proved cost-effective.

Distribution by sex, age, race and socio-
economic status

The literature shows clearly that boys sustain more TDI than
girls; and that the prevalence of TDI increases with age. The
latter is due to a cumulative effect. The relationship between

Fig. 8.7 Prevalence and incidence of traumatic dental injuries to primary
teeth among children in Copenhagen. Prevalence indicates frequency (in
percentage) of children who have sustained dental injuries at the various
ages examined. Incidence indicates the number of new dental injuries (in
percentage) arising per year at the various ages examined. From
ANDREASEN & RAVN (64) 1972.

Fig. 8.8 Prevalence and incidence of traumatic dental injuries to perma-
nent teeth among children in Copenhagen. Prevalence indicates frequency
(in percentage) of children who have sustained dental injuries at the
various ages examined. Incidence indicates the number of new dental
injuries (in percentage) arising per year at the various ages examined. From
ANDREASEN & RAVN (64) 1972.
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1985, O’BRIEN (212) 1994 and PITTS (379) 2003.
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TDI and race and ethnicity is not clear. Ethnic minorities
tend to experience more financial adversities and live in
more deprived areas. Therefore, it is difficult to disentangle
the effects of these factors. Furthermore, few studies
recorded race or ethnicity of participants. Data from the
USA showed a similar prevalence of TDI in different race-
ethnicity categories (210).

In most countries, the boy to girl ratio of TDI differs sig-
nificantly. The general finding that boys have almost twice
TDI than girls in the permanent dentition seems to be
related to their more active participation in contact games
and sports (16, 56, 82, 112, 187, 219); but recent studies show
a reduction in this difference, which may reflect a change in
girls’ behavior in playing sports traditionally regarded as
boys’ games such as ice hockey and soccer (222, 232, 233).

In a Swedish study oral injuries were most frequent
during the first 10 years of life, decreasing gradually with age
and were very rare after the age of 30, whereas non-oral

A B C D

Fig. 8.10 Individual with repeated trauma episodes. A. Avulsion of primary right maxillary central incisor at the age of 7. B. Crown fracture at the age
of 9. C. Luxation of the right mandibular central incisor at the age of 10. D. New trauma to the right central incisor at the age of 12.

Fig. 8.11 Incidence per 100 inhabitants per year for oral and non-oral
injuries. From EILERT-PETERSSON et al. (216) 1997.

injuries were seen most frequently in adolescents and were
present throughout life (216) (Fig. 8.11).

Data from several studies demonstrated that the majority
of TDI occurs at childhood and adolescence. It is estimated
that 71–92% of all TDI sustained in a lifetime occur before
the age of 19 years (194, 206, 234, 235). Holland et al. (236)
reported a decrease of traumatic tooth injuries after the age
of 24, and Shulman and Peterson (237) after the age of 30.
Gassner et al. (238) also reported that 81.2% of all TDI occur
before 30 years of age; of that, almost 50% before 10 years
of age. The prevalence and incidence of TDI according to 
age and sex in a group of children from Copenhagen fol-
lowed continuously from the age of 2 to 14 years is shown
in Figs 8.7 and 8.8 (64). It can be seen that the first peak
appears at 2 to 4 years of age. By the age of 7 years, 28% of
the girls and 32% of the boys have suffered a TDI to the
primary dentition. In the permanent dentition, a marked
increase in the incidence of TDI is seen in boys aged 8 to 10
years; while the incidence is rather stable for girls (64, 77,
185). This peak incidence in boys is probably related to the
more vigorous play characteristic of this age group com-
pared to girls (20, 21, 23, 54, 56, 77). An increase in the rate
and absolute number of oral and maxillofacial injuries was
reported among persons aged 65 or more in New Zealand
(239). This may be because an increasing proportion of
older people are keeping their own natural teeth for life, and
the risk of falling is high in old adults, which may lead to an
increase in TDI. The scale of this problem is currently
unknown, as research reports on prevalence of TDI in older
people are scarce.

Very few reports on TDI have included socio-economic
indicators and the results were conflicting. Intriguingly,
some studies reported a higher prevalence of TDI among
adolescents from higher compared to those from lower
socio-economic groups. The higher risk of dental injuries
among children from higher socio-economic backgrounds
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may be related to greater ownership of bicycles, access 
to skiing, skateboard, roller-skating, horse-riding and 
swimming pools than those from low socio-economic
groups (240). Further research is needed to elucidate this
relationship.

Predisposing factors

Increased overjet with protrusion of upper incisors and
insufficient lip closure are significant predisposing factors to
TDI (79, 103, 186, 191, 228, 237, 241–243). Studies have
shown that TDIs are approximately twice as frequent among
children with protruding incisors as in children with normal
occlusion (41, 46), and that the greatest number of injured
teeth in the individual patient is associated with protrusive
occlusion (43) (Fig. 8.12).

Inadequate lip coverage has been shown to result in a
threefold risk for TDIs to the maxillary incisors, compared
to adequate lip coverage (215, 232), while other studies show
no significant relation between inadequate lip coverage and
TDIs (244, 380). The study showing a significant association
(215) did not account for other risk factors. The other study
carried out by Marcenes et al. (244) accounted for the envi-
ronment, and showed a significant association between lip
coverage and TDI before accounting for other factors in the
data analysis, but not after adjusting results for levels of dep-
rivation experienced. Therefore, the conflicting findings
may be due to the interaction between predisposing factors
(size of the overjet and lip coverage) and environmental
(playground design) and/or behavioral factors (risk taking).
Unfortunately, very few studies accounted for all these
factors together. Concerning orthodontic evaluation of
these patients, the reader is referred to Chapter 24.

Teeth involved

Irrespective of type of study, the majority of dental injuries
involve the anterior teeth, especially the maxillary central

incisors; while the mandibular central incisors and maxil-
lary lateral incisors are less frequently involved (6, 16, 18, 21,
56, 63, 77–79, 219, 237, 249). This preference for location
also applies to the primary dentition (61, 251, 254).

Dental injuries usually also affect only a single tooth (18,
20, 49, 63, 77, 210, 219, 249); however, certain trauma events,
such as sports and automobile accidents, favor multiple
tooth injuries (16, 78, 256), especially among teenagers 
(224, 256).

Concomitant injuries to teeth and oral tissues are also
common in patients presenting with oral trauma due to vio-
lence and traffic accidents.

Types of traumatic dental injuries

The most common type of traumatic injuries to permanent
teeth is enamel fracture followed by enamel and dentin frac-
ture (40, 49, 54, 56, 64, 77, 78, 210, 237, 253, 257). Other
types of TDI are less common. However, soft tissue lesions
were not assessed in the cross-sectional studies. In a prospec-
tive Swedish study, dental injuries were recorded in 92% of
the patients, whereas soft tissue injuries were seen in 28%,
and fractures involving the jawbone in only 6% of all
patients presenting with oral injuries (216). Findings from
hospital or surgery based studies presented a different
picture (259). This is because many people who sustain a
small fracture do not seek treatment; and soft tissue injuries
and the most serious injuries end in hospital or dental sur-
geries for treatment. Hospital data tend to show facial bone
fractures (37%), dentoalveolar injuries (50%) and soft 
tissue injuries (62%) (231). The number of injuries often
exceeds the number of teeth due to multiple injuries for
some teeth.

It appears that injuries to the primary dentition are
usually confined to the supporting structures, i.e. luxation
and exarticulation (16, 64, 191, 192, 257, 260, 261). In some
studies, however, the primary dentition was dominated by
enamel fractures instead of injuries to the supporting 

A B

Fig. 8.12 A. Protruding central inci-
sors with incomplete lip coverage. B.
Crown fracture of a left central incisor.
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structures (227, 251–253, 255, 258, 262). This is probably
due to the periodic visits of these patients to the emergency
clinic, a fact that favors the recording of enamel fractures,
which might normally go undetected (227).

Place of injury

The great majority of population based studies reviewed
showed that most TDIs occur at home, followed by at school
and in the street or other public places (216, 220, 233, 264).
It is disturbing that in most studies a high proportion
reported that they could not remember where the injury
event had occurred.

The place of injury varies in different countries according
to local customs. In studies examining dental trauma in Iraq,
India, Australia, Norway and England, it was found that the
majority of injuries occurred outside school grounds (185,
193, 194, 264). Furthermore, a greater number of severe
injuries occurred after school hours (195).

Seasonal variations

A relationship seems to exist between the time of year and
occurrence of TDI. This seasonal variation in TDI is
dependent upon local customs. While several studies have
shown that the frequency of TDI increases during the winter
months (43, 54, 77, 116, 216, 231), other reports indicate an
increase in the summer months (148, 154, 196, 197, 251, 253,
256, 265).

Etiology

Clearly, TDIs are caused by a collision that can generate
enough mechanical energy to produce the injury. Any
object, animate or inanimate, in motion has energy that
depends on its mass and speed. Increase in mass and/or
speed increases energy. Thus, it is relevant to understand the
vehicles and circumstances that generate mechanical energy,
which in turn cause a TDI. Violence, sports, traffic incidents
and falls are commonly cited in the literature as causes of
TDI. In addition, it is important to learn about the ‘causes
of the causes’ of TDIs. What makes people fall or having a
collision? What makes people have an injury when driving,
cycling or walking on the street? What makes people have an
injury when playing sports? What makes people fight? The
answer for these questions leads to the environmental and
behavioural causes of TDIs (Fig. 8.13).

A major environmental determinant of TDI is materiel
deprivation. Data from the UK showed a higher prevalence
of TDI in deprived areas, such as 43.8% in Newham 
(266) and 34.4% in Bury and Salford (201) compared 
with the overall prevalence of 17% and 15% recorded in
England (212). In addition, even within a deprived area,
more deprived children have more TDI than their less
deprived counterparts. Overcrowding was the major 
environment factor related to TDI (242, 266). This seems

logical, as deprived areas have more unsafe playgrounds,
sport facilities, streets, schools and houses. This unsafe envi-
ronment facilitates falls and collisions, which in turn leads
to TDIs.

Human behavior also plays an important role in the
occurrence of TDI. As expected, risk-taking children tend to
have more TDI than their less risk-taking counterparts.
Other problem behaviors have also been related to TDI.
Odoi et al. (267) showed that children with peer relation-
ship problems (e.g. being picked on or bullied by other chil-
dren) have significantly more TDI than other children.
Interestingly, the same study reported a tendency for chil-
dren who show pro-social behaviour to have less dental
injuries than their counterparts. Lalloo (268) reported that
hyperactive children have significantly more TDI than non-
hyperactive children. Conversely, Odoi et al. (267) failed 
to demonstrate a significant relationship between TDI 
and hyperactivity. This conflicting result is easy to 
understand and suggests that environment plays a stronger
role in determining TDI than human behavior. A hyperac-
tive child can express this without risk if the environment 
is safe.

Emotionally stressful states measured using biological
markers or questionnaires have also been reported to be
associated with TDI (221, 269, 270). Nicolau et al. (271)
applied the life course approach to further elucidate the
causes of TDI and concluded that adolescents who experi-
enced adverse psychosocial environments along the life
course had more traumatic dental injuries than their coun-
terparts who experienced more favorable environments.
This included living in a non-nuclear family and experienc-
ing high levels of paternal punishment (271).

Worldwide, physical leisure activities, violent incidents
and traffic accidents accounted for most TDIs among ado-
lescents. Rough playing with others, biting hard items and
inappropriate use of teeth also contribute to having a TDI,
but to a lesser extent. Falls and collisions tend to be the most
prevalent events associated with TDI reported in the litera-
ture (Table 8.7). These very broad categories may mask the
actual causes of TDI, because it does not assess intention.
For example, a fall from tripping (unintentional) differs
from falls from pushing (intentional). The latter should be

ENVIRONMENTAL
FACTORS

HUMAN
FACTORS

VECTOR
(Mechanical Energy)

TRAUMATIC DENTAL INJURY

Fig. 8.13 Environmental and behavioral causes of traumatic dental
injuries.
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considered as a minor form of violence. Similarly, it is
common to record collision when a child is pushed against
another child or object, in particular, the school water foun-
tain. If human intent was assessed in previous studies, these
events would have been recorded as bullying, or a minor vio-
lence, rather than collision. Thus, it is possible that the role
of violence in the occurrence of TDI has been terribly
underestimated (233). Of further concern is the high pro-
portion of children who tend to report ‘unknown cause’ in
most studies. Victims tend to report unknown cause when
an injury is due to violence. The overrepresentation of acci-
dents at home, compared to violence (Table 8.7), may
depend on a difficulty in finding the actual rate for injuries
associated with child, spouse and elderly abuse.

TDI may be classified based on its etiology, taking into
account the TDI event or the intent as proposed by WHO
in the document Dictionary for minimum data sets on
injuries (230). TDI event is defined as the activity related to
the occurrence of the TDI. It includes falls, collisions, phys-
ical leisure activities, traffic accidents, rough playing with
others, violence, inappropriate use of teeth, and biting 
hard items. Less common events are recorded as ‘other
events’ (Table 8.7). The last two TDI events were added for
the sake of completeness. They are relatively common TDI
events; but not applicable to general injuries. Intent repre-
sents the human involvement in the occurrence of the TDI
event. It includes unintentional TDI, intentional TDI (self-
harm events and violent events) and iatrogenic (doctor’s 
mistreatment) TDI.

Unintentional traumatic dental injuries

Falls and collisions

Falls are common among children and old adults. To
primary teeth TDIs increase substantially with the child’s

first efforts to move about. Due to lack of experience and
coordination, frequency increases as the child begins to walk
and tries to run. A prospective survey of injuries to pre-
school children in a home setting showed that oral and head
injuries were sustained following falls on or from stairs or
pieces of furniture (272). They were incurred on stairs, in
garages, or on/from verandas, and pre-school children aged
1 year were more often involved than expected by chance.
The incidence of TDIs reaches its peak just before school age
and consists mainly of injuries due to falls and collisions (16,
18, 63–65, 216) (Table 8.7). Home is the most common place
of injury in pre-school (216, 224) and school age. Falls or
being struck by an object tend to be reported as the most
common causes of injury (216, 223, 233, 264, 273). This is
not surprising. One cannot imagine any other way to sustain
a dental injury. However, the event that caused the fall or
collision is the actual cause of TDI; and should have been
recorded. A refined assessment of the causes of TDI would
identify a smaller proportion of TDI due to falls. The result
may be a higher proportion of TDI due to violence. Victims
of abuse tend to give a vague history when asked about the
cause of the injury. Fall is a perfect vague history. Further-
more, falls among young children are mainly related to
neglecting the child and can often be prevented by better
supervision from parents and safe house design.

Physical leisure activities

Injuries during the teenage years are often due to sports (21,
65, 78–84, 149–155, 216, 274). Federation Dentaire Interna-
tional (FDI) has organized sport in two categories due to
risk for TDI: High risk sports that include American football,
hockey, ice hockey, lacrosse, martial sports, rugby and
skating; and medium risk sports including basketball, diving,
squash, gymnastics, parachuting and waterpolo (275).
Studies confirmed that contact sports, such as ice hockey,
soccer, baseball, American football, basketball, rugby,

Table 8.7 Frequency of causes (in percent) of traumatic dental injuries. The variables presented follow WHO nomenclature.

Study Year Country Age Physical Collision Fall Sport Traffic Violence Inappropriate Other Unknown
leisure accident use of teeth 
activity or biting 

hard item

Baghdady et al. (166) 1981 Iraq 6–12 – – 54.0 3.0 2.4 35.8 – – 4.9
Baghdady et al. (166) 1981 Sudan 6–12 – – 18.3 3.3 2.8 70.6 – – 5.0
García Godoy et al. 1981 Dominican 7–14 – 1.7 50.0 – 5.1 – – 10.2 32.4

(383) Republic
García Godoy et al. 1984 Dominican 5–14 36.6 – – 49.4 14.0 – – – –

(384)* Republic
Uji & Teramoto (385)* 1988 Japan 6–18 – – 37.7 29.2 1.6 7.9 – 23.6 –
Chen et al. (220) 1999 Central Mean – 65.3 26.9 3.6 – 2.6 – 1.6 –

Taiwan 8.2
Marcenes et al. (215) 1999 Syria 9–12 – 16.0 9.1 – 24.1 42.5 – 3.4 4.6
Blinkhorn (264)* 2000 UK 11–14 18.5 – 33.9 17.2 14.6 4.3 – – 11.5
Marcenes et al. (244) 2000 Brazil 12 – 6.8 26.0 19.2 20.6 16.4 – 9.6 1.4
Nicolau et al. (269)* 2001 Brazil 13 – 15.0 24.1 2.3 10.5 1.5 6.0 – 40.6
Traebert et al. (233) 2003 Brazil 12 – 37.5 47.9 – 2.1 – 2.1 – 10.4

* Population.



230 Chapter 8

wrestling and handball (17, 23–27, 83, 85, 156–159, 276,
277) are the major TDI events (Fig. 8.14). The severity of
this problem has been elucidated in a number of studies,
which report that each year 1.5% to 3.5% of children par-
ticipating in contact sports sustain dental injuries (26–29,
86); and as many as one-third of all dental injuries and up
to 19% of injuries to the head and face are sports related

(278–283). Horseback riding, a popular sport in many coun-
tries, is a significant source of injury. In a single season, 23%
of all riders sustained injuries of various types, including
dental and maxillofacial injuries (87, 88). Figs 8.15 and 8.16
illustrate the typical trauma situations related to horseback
riding. There is little doubt that special precautions, such as
the use of sturdy helmets, can reduce the number and sever-

Fig. 8.14 The unprotected ice hockey
player runs a high risk of injuries due
to collision with other players or being
hit by a puck or a hockey stick.

Fig. 8.15 Horseback riding related
injuries. In the jump, the rider’s face
can collide with the horse’s neck,
usually resulting in luxation injuries.

Fig. 8.16 A kick by a horse normally
results in serious injuries, e.g. exarticu-
lation, intrusion and sometimes jaw
fractures.
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ity of these accidents (88). Similarly, the provision of a well-
fitting mouth guard may possibly reduce the occurrence of
TDI. However, there is still insufficient evidence that
planned intervention is effective in reducing the prevalence
or incidence of sports related injuries to the mouth and face
(284); and much remains to be elucidated regarding attitude
and effective use of protective equipment (283). The injury
profiles of various types of sports, as well as measures for
their prevention, are described in Chapter 30. Physical
leisure activities at playgrounds also account for a significant
proportion of TDI (20, 76, 77, 148, 224, 264). Most of the
resultant injuries are characterized by a high frequency of
crown fractures (16, 78). This type of TDI can be dramati-
cally reduced through environmental changes. This includes
better playground design and construction.

Traffic accidents

Traffic accidents include pedestrian, bicycle and car related
injuries. Facial and dental injuries resulting from automo-
bile accidents are seen more frequently in the late teens (30,
31) (Fig. 8.17). The front seat passenger is particularly prone
to facial injuries. This trauma group is dominated by mul-

tiple dental injuries, injuries to the supporting bone, and soft
tissue injuries to the lower lip and chin (16, 89, 161). This
pattern of injury is seen when the front seat passenger or the
driver hits the steering wheel or dashboard (32, 90, 285). A
study in road traffic accidents from Nigeria has shown that
occupants of commercial vehicles were the ones most likely
to receive maxillofacial injuries, especially the rear seat
occupants (286). Children seated on, or standing on, the
front seat are in a very dangerous position, as dental injuries
often occur as a result of being thrown against the 
dashboard during sudden stops (33). Children with 
dental injuries and involved in traffic accidents have a 
2.4-fold risk for bone fractures compared to 
accidents during play, sport and assaults (265). Enforcement
of speed limits for cars, use of seat belts, air bags and special
car seats for smaller children in motor vehicles have reduced
severe injuries; but new types of facial trauma have 
been reported and are attributable to airbag deployment in
cars (287, 288).

Bicycle related injuries have been widely reported. These
injuries usually result in severe trauma to both the hard and
soft tissues due to the high velocity at the time of impact
(16, 151, 160, 289) (Fig. 8.18). Bicycle-related oral injuries

Fig. 8.17 Automobile accidents in
which the front seat passenger hits the
dashboard result in soft tissue injuries
and damage to the supporting bone.

Fig. 8.18 Bicycle accident usually
results in multiple crown fractures and
soft tissue injuries.
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seem to be more common up to the age of 14 years, com-
pared to non-oral injuries (290). The use of bicycle helmets
may reduce risk of serious facial injury to upper and middle
face regions by approximately 65% compared to non-users,
but no protection is provided for the lower face and jaw
(291). Patients sustaining this type of trauma frequently
experience severe facial and dentoalveolar trauma in addi-
tion to injuries to the upper lip and chin (16, 289, 292) (Fig.
8.18). To reduce dentoalveolar trauma there is a need to
extend the area of helmet coverage (289, 292).

Inappropriate use of teeth

Few studies have included this category. However, those that
have included this category found that many individuals
sustain a TDI when using the teeth as a tool. Nicolau et al.
(269) reported that 6% of TDI were due to inappropriate
use of teeth and Tapias (293) reported 8.5% while Traebert
et al. (233) found smaller proportions, 3.3% (Table 8.7). The
most common inappropriate uses of teeth reported in the
literature are biting a pen, opening hair clips, opening
packets of savoury snacks, trying to fix electronic equipment
or changing batteries, cutting or holding objects and
opening screw top bottles.

Biting hard items

Another event related to the occurrence of TDI is biting hard
items. Traumatic dental injuries have been shown among
patients wearing piercing jewels. Patients and health care
professionals should be informed of procedures and risks
associated with tongue and oral piercing (294–296). Limited
information has shown that piercing can result in chipping
and fracturing of teeth and restorations, pulpal damage,
cracked tooth syndrome and tooth abrasion (294, 297, 298).
Information around dental/oral and systemic complications
from tongue piercing has to date primarily been presented
as case reports. Only one prevalence study has been pub-
lished. Campbell et al. (296) showed a chipped teeth preva-

lence of 19.2% among individuals wearing tongue piercing,
especially to molars and premolars, and to individuals
wearing short stem barbells. They also showed an increased
risk with years of wear.

Presence of illness, physical limitations or
learning difficulties

Attack of illness is an uncommon cause of TDI in the general
population, but common in individuals suffering from
epilepsy, cerebral palsy, anemia and dizziness. Epileptic
patients present special risks and problems with regard to
dental injuries (34, 93, 299–301). A study of 437 such
patients in an institution showed that 52 % had suffered
traumatic dental injuries, many of which were of a repeti-
tive nature. In one-third of the cases, the injuries could be
directly related to falls during epileptic seizures (93) (Fig.
8.19). Another study showed that of patients with epilepsy,
who during the past year had suffered from seizures result-
ing in injury, 10% had suffered a TDI (299). Epileptic
seizures have been shown to be the third most common
medical incident in dental surgeries (302, 303). There is 
also a risk for the dental personnel to be infected from
human bites of a patient suffering an epileptic seizure
(304–306).

A very high frequency of dental injuries has been found
among patients with learning difficulties (65, 123), a phe-
nomenon probably related to various factors, such as lack of
motor coordination, crowded conditions in institutions or
concomitant epilepsy. O’Donnell (307) indicated that totally
blind children and young adults in Hong Kong were at
greater risk of sustaining anterior tooth injury than were
sighted and partially sighted populations. Hearing impaired
children, compared to visually impaired children, have been
found to have significantly more TDI compared to children
as a whole (308). This difference is probably due to greater
opportunities to play and move around for the hearing
impaired children, compared to the visually impaired 
children.

A B

Fig. 8.19 A 32-year-old male who
has sustained 5 trauma episodes
within 7 years due to epilepsy. These
episodes involved multiple fractures of
teeth and the mandible, as well as an
alveolar fracture of the maxilla. A.
Intruded maxillary incisors. B. Diagram
with indication of fracture lines as well
as missing teeth due to trauma. From
BESSERMANN (93) 1978.
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An unusual type of injury is root fracture without appar-
ent reason affecting individuals with dentinogenesis imper-
fecta (36). The explanation for this phenomenon could be
the decreased microhardness of dentin (37) and abnormal
tapering of the roots (Fig. 8.20).

It has also been reported that many drug addicts suffer
from crown fractures of molars and premolars, apparently
resulting from violent tooth clenching 3 to 4 hours after
drug intake. Up to 5 or 6 fractured teeth have been found in
the same individual (35, 94).

Intentional traumatic dental injuries

Physical abuse

A tragic cause of oral injuries in small children is manifested
in the battered child syndrome (or non-accidental injuries
(NAI)), a clinical condition in infants who have suffered
serious physical abuse (19, 66–68, 74, 75, 137–147, 309). It
has been reported that child abuse occurs in approximately
0.6% of children (19, 142), and 10% of all injuries to chil-
dren involve the teeth (142). In 1972, in New York City
alone, 5200 cases were reported. Twenty years later, in the
USA, an estimated 2 694 000 children were reported to child
protection agencies as victims of abuse by parents and/or
guardians (310). It has been estimated that in the entire
USA, 4000–6000 children yearly die as a result of maltreat-
ment (69, 140). Approximately 75% of all children being
exposed to physical abuse and who visit a major county hos-
pital suffer injuries to the head, face, mouth, or neck (311).
The outcome is often fatal due to intracranial hemorrhage
(19, 72–74) (Fig. 8.21). Facial trauma is often the principal
reason for admission to a hospital (71, 74, 75). Multiple
healed fractures in the teeth or jaws, especially with differ-
ent stages of healing, are signs of abuse (312).

The official data regarding the number of children 
abused more often reflect reported cases rather than true
incidence (313). Out of 16–29% of dentists claimed to have

seen or suspected a case of child abuse; only 6–14% claimed
to have reported such a case (314, 315). Physical abuse
mainly happens at home (311), and dentists and dental 
personnel have an obligation to report occurrences of
child abuse and neglect (316, 317). The etiologic and 
diagnostic aspects of child abuse are further described in
Chapter 7.

Assaults, together with road accidents, comprised 71% of
maxillofacial injuries in a study in the UK, as reported by
Dimitroulis and Eyre (318). Injuries to the face represented
62% of all injuries due to assault (319). Injuries from fights
are prominent in older age groups and are closely related to
alcohol abuse (89, 91, 92, 124, 162, 270). This type of trauma
usually results in a particular injury pattern characterized by
luxation and exarticulation of teeth as well as fractures of
roots and/or supporting bone (16) (Fig. 8.22).

A B

Fig. 8.20 Spontaneous root fractures
in a 15-year-old patient with osteoge-
nesis and dentinogenesis imperfecta.
A. Clinical view of incisors at the age
of 14 years. The color of the teeth is
bluish-brown. Note the marked attri-
tion. The incisal edges of the incisors
were later restored with cast inlays. B.
Root fractures affecting three incisors
and the left canine at the age of 15
years. There was no evidence of trauma
in the history. The right central incisor
was later extracted. From OVERVAD
(38) 1969.

Fig. 8.21 Battered child syndrome in a 2 1–2 -year-old girl. The mother suf-
fered from depression and shook the child violently against a fireplace.
The child died and was found to have contusion of the brain with intracra-
nial hemorrhage. The child also had partly healed fractures at the lower
end of each radius, which had been treated by an orthopedic consultant
one month previously; but battering was not suspected at that time. The
oral injuries consisted of laceration of the mucosa of the lower lip and
tearing of the frenum. From TATE (19) 1971.
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In this context, it should be mentioned that recent evi-
dence has shown that domestic violence is a universal
problem (124–130, 163, 164). These assaults often result in
trauma to the facial region (Fig. 8.23). Establishing the
victim as a battered person is complicated by the fact that
these victims will seldom volunteer that information. Social
agencies for the care and counselling of these victims exist
in many countries and should be used (128).

A disgraceful and apparently increasing type of injury is
represented by trauma to the oral and facial regions of
tortured prisoners. Investigations have shown that the
majority of these victims, apart from other atrocities
inflicted upon their persons, have suffered from torture
involving the oral region (95–97) (Fig. 8.24). A study has
described the findings from examinations of 34 former pris-
oners from 6 countries who had all been subjected to torture
involving the facial region (95). The most common type of
torture was beating, which resulted in loosening, avulsion or
fracture of teeth and soft tissue laceration. Deliberate tooth
fractures with forceps were also seen. Furthermore, electri-
cal torture was described in which electrodes were attached
to teeth, lips, tongue and the soft tissue over the temporo-
mandibular joint. (Fig. 8.24) In the latter instance, very
forceful occlusion resulted due to muscle spasm. The result
was loosening and fracture of teeth as well as severe pain in
the muscles and the temporomandibular joint.

Under the auspices of Amnesty International, working
groups of dentists and physicians have been formed in
several countries with the aim of gathering evidence to doc-
ument the torture of prisoners.

Iatrogenic procedures

Prolonged intubation is a procedure which is used in the care
of prematurely born infants. The prolonged pressure of
tubes against the maxillary alveolar process is an iatrogenic
procedure that may lead to a high frequency of develop-
mental enamel defects in the primary dentition (134–136,
320, 321) (see Chapter 20, p. 544) as well as injuries to the
tooth germs of the first and second dentition and deforma-
tion of the maxillary skeleton (322).

The incidence of perianesthetic dental injury varies from
0.04% to 12% (323), and is considered to be the most fre-
quent anesthesia-related cause for claims in the UK, repre-
senting approximately one-third of all confirmed claims
(324). A restrospective study in France showed a mean inci-
dence of 9.5 accidents/100 anesthetists/year (325), while
other studies have shown a yearly incidence ranging from
1:150 to 1:1000 cases (326, 327). The maxillary incisors are
the most commonly affected (326, 329–331), especially on
the left side (326, 330, 331). Tooth injuries range from
microfractures of natural tooth substance to actual avulsion

Fig. 8.22 Kicks to the face during
assaults result in severe damage to
teeth and supporting structures.

Fig. 8.23 A 19-year-old woman bat-
tered by her husband. The patient was
beaten around the face and suffered
lacerations of the lower lip and an
alveolar fracture confined to the
mandibular incisor region.
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(326, 329, 331, 332); and include pulpal necrosis (331) and
damage to crowns or bridges (326, 329, 331). Skeie and
Schwartz (333) have shown a spectrum of fractured teeth in
47%, dislocated or mobile teeth in 41%, and avulsed teeth
in 10% of patients with perianesthetic dental injuries. Givol
et al. (334) showed that 72% of the patients were 50–70 years
of age; and the most common injury was to upper (87%)
and lower incisors (12.5%). Avulsion of teeth was the most
common type of injury (48%), followed by crown fracture
(22%); and 65% of the teeth could not be restored. The
major risk factor for dental injury seems to be pre-existing
poor dentition (334). The risk of injuries to the teeth can be
reduced by a pre-surgical inspection of the oral cavity and
evaluation of the individual anatomical conditions in the
head and neck region, which might interfere with endotra-
cheal intubation (322, 335). Using a toothguard has been
shown to be a simple way of preventing dental trauma
during general anesthesia and has a low effect on the diffi-
culty of intubation (336); but such recommendations would
have to be subject to controlled cost–benefit analysis prior
to their widespread application (323), especially since Skeie
and Schwartz (333) have found that 0.062% of patients in
general anesthesia suffered dental injury despite the use of a
toothguard, compared to 0.063% not wearing a toothguard.
At present, the use of a toothguard for each intubation does
not seem reasonable; but tooth fragility must be researched
(337). The cost of restoring a perianesthetic dental injury
has been estimated to be approximately $2000 per patient in
Israel (334).

Mechanisms of traumatic dental injuries

The exact mechanisms that produce the mechanical energy
leading to dental injuries are, for the most part, unknown

and without experimental evidence. A few experimental
attempts have been made to make in vitro models for frac-
ture resistance of extracted human teeth (381, 382). Injuries
can be the result of either direct or indirect trauma (2).
Direct trauma occurs when the tooth itself is struck, e.g.
against playground equipment, a table or chair (Fig. 8.25).
Indirect trauma is seen when the lower dental arch is force-
fully closed against the upper, as by a blow to the chin in a
fight or a fall. While direct trauma usually implies injuries
to the anterior region, indirect trauma favors crown or
crown-root fractures in the premolar and molar regions
(Fig. 8.26), as well as the possibility of jaw fractures in the
condylar regions and symphysis. Another effect of a blow to
the chin can be the forceful whiplash effect to the head and
neck, occasionally leading to cerebral involvement. This con-
dition can be revealed during the clinical examination (see
later).

The following factors characterize the impact and deter-
mine the extent of injury (42):

(1) Energy of impact. This factor includes both mass and
velocity. Examples of these combinations are a force of
high velocity and low mass (gunshot) (Fig. 8.27) or of
high mass and minimal velocity (striking the tooth
against the ground). Experience has shown that low
velocity blows cause the greatest damage to the sup-
porting structures, whereas tooth fractures are less pro-
nounced. In contrast, in high velocity impacts the
resulting crown fractures are usually not associated with
damage to the supporting structures. In these cases, the
energy of the impact is apparently expended in creating
the fracture and is seldom transmitted to any great
extent to the root or supporting structures of the 
tooth (16).

(2) Resilience of the impacting object. If a tooth is struck with
a resilient or cushioned object, such as an elbow during

A B

Fig. 8.24 A 35-year-old political refugee who was tortured by having live electrodes attached to the oral mucosa. Furthermore, lower incisors were
avulsed during ‘interrogation’. The patient still suffers profound pain in the masticatory muscles, 9 years after being tortured. B. A 35-year-old male polit-
ical refugee who had been tortured during his imprisonment. The man was beaten by security police. During torture, he fell and fractured and luxated
two central incisors. No treatment was given. The radiograph is indicative of his condition one year after torture. It was taken at an examination by the
medical board of Amnesty International. Courtesy Drs. P. MARSTRAND, B. JERLANG & P. JERLANG, Amnesty International, Copenhagen.
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play, or if the lip absorbs and distributes the impact, the
chance of crown fracture is reduced while the risk of
luxation and alveolar fracture is increased (16) (Figs
8.28 and 8.29).

(3) Shape of the impacting object. Impact with a sharp object
favors clean crown fractures with a minimum of dis-
placement of the tooth, as the energy is spread rapidly
over a limited area. On the other hand, with a blunt
object, impact increases the area of resistance to the
force in the crown region and allows the energy to be
transmitted to the apical region, causing luxation or
root fracture.

(4) Direction of the impacting force. The impact can meet the
tooth at different angles, most often hitting the tooth
facially and perpendicular to the long axis of the root.
In this situation, typical cleavage lines will be encoun-
tered, as demonstrated in Fig. 8.30. With other angles of
impact, other fracture lines will arise.

Fig. 8.26 Induced tooth trauma. The
impact was transferred via the chin to
the dental arches and inflicted crown-
root fractures in both right premolars
by the forceful occlusion. From
ANDREASEN (16) 1970.

Fig. 8.27 Multiple dental fractures caused by a gunshot.

Fig. 8.25 Direct tooth trauma without
soft tissue injury. The impact was
absorbed by the protruding central
incisors leading to fractures. From
ANDREASEN (16) 1970.
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(3) Oblique crown-root fractures
(4) Oblique root fractures.

Engineering principles can provide a description 
of the forces involved in injuries caused by frontal 
impacts.

When considering the direction and position of fracture
lines caused by frontal impacts, the fractures fall easily into
four categories (Fig. 8.31):

(1) Horizontal crown fractures
(2) Horizontal fractures at the neck of the tooth

Fig. 8.28 Direct trauma to the upper
lip. The impact was transmitted
through the lip, resulting in extrusive
luxation of right incisors and laceration
of gingiva. The upper surface of the lip
shows minor lacerations in the area
which was in contact with the tooth
surfaces during transmission of the
trauma. From ANDREASEN (16) 1970.

A B

Fig. 8.29 Direct trauma to the lower
lip. A. Force of a frontal blow to the
lower lip was transmitted through the
lip to the lower incisor region, result-
ing in a fracture of the alveolar
process. B.The oral mucosa is lacerated
in areas where the incisal edges con-
tacted the labial mucosa during impact
(arrows). From ANDREASEN (16)
1970.

A B

Fig. 8.30 Fracture lines in four
extracted maxillary incisors inflicted by
a frontal impact from an ice-hockey
puck. A. Labial aspect. B. Lateral
aspect; note that the courses of the
crown-root fractures and the root frac-
tures are approximately perpendicular
to each other.
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Frontal impacts to anterior teeth generate forces which
tend to displace the coronal portion orally. Under certain
conditions, such as blunt impacts and high resilience of
tooth supporting structures in young individuals, a tooth is
more likely to be displaced orally without fracturing, as the
energy of the impact is absorbed by the supporting struc-
tures during displacement (Fig. 8.32).

A different situation arises if the bone and periodontal lig-
ament resist displacement (Fig. 8.33A). The root surface is

forced against bone marginally and apically (a and b), cre-
ating high compressive forces. As the tensile and shearing
strength of the brittle dental tissues are much lower than the
compressive strength, shearing strains develop between the
two zones of the opposing forces, and the root is fractured
along the plane joining the two compression areas (a and b)
(Fig. 8.33B) (105).

Fig. 8.34 illustrates a condition presumably leading to
horizontal fractures at the level of the gingival margin. The
tooth is firmly locked in its socket so that stresses in the
shearing zone will not be as high as that shown in Fig. 8.33.
The impact will, therefore, induce a pure bending fracture
at the site of maximum bending stress, i.e. where the tooth
emerges from its supporting structures (Fig. 8.34B). Tensile
strains on the facial surface of the crown usually result in
horizontal infraction lines in the cervical enamel (Fig. 8.35).
Horizontal fractures at the cervical area usually affect the
maxillary lateral incisors, probably due to their firm, deep
anchorage in alveolar bone.

In Fig. 8.36, the stresses presumably causing oblique
crown-root fractures are illustrated. The oblique fracture
line follows a course along the inclined tensile stress lines
developed between the compressive areas a and c. This line
of fracture is supported by experiments using brittle mate-
rials, such as concrete (Fig. 8.37).

In Fig. 8.38, the same compressive forces and tensile
strains as in Fig. 8.36 are presumably present, but are not
great enough to cause an oblique fracture, so that the cleav-
age line follows the shortest possible route, resulting in a
horizontal fracture of the crown. The area of contact
between the impacting object and the enamel may show a
shallow notch surrounded by radiating infraction lines (see
Chapter 10, p. 281). The orientation of the enamel prisms
determines the course of the fracture line in enamel, while
the direction of the fracture in dentin is primarily perpen-
dicular to the dentinal tubules (Fig. 8.39). The theoreticalFig. 8.31 Facio-lingual orientation of 33 fracture lines.

A B

Fig. 8.32 Pathogenesis of extrusive
luxation. A. Frontal impact to the facial
surface of an anterior tooth tends to
displace the tooth lingually. B. If the
energy is absorbed by the tooth-sup-
porting structures, the tooth is dis-
placed.
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explanation for this has been sought in experimental proce-
dures testing the fracture properties of enamel and dentin
(106, 107). It has been found that enamel is weakest paral-
lel to the enamel rods and that dentin is most easily frac-
tured perpendicularly to the dentinal tubules (107).

Penetrating lip lesions occur when the direction of impact
is parallel to the axis of the mandibular or maxillary inci-
sors (Figs 8.40 and 8.41). In these cases, foreign bodies such
as gravel and tooth fragments are frequently found in the lip
lesion. The management of this type of wound is described
in Chapter 21.

Treatment need

Epidemiological studies have demonstrated that the treat-
ment needs of TDI are not properly met. This applies 

A B

Fig. 8.33 Pathogenesis of a midroot
fracture. A. Bone and periodontal liga-
ment resist displacement from a
frontal impact. Compressive forces are
exerted upon the root surface at a and
b and tensile strains develop across the
line connecting a and b. B. A root frac-
ture occurs in the shearing zone, at the
area of tensile strain.

A B

Fig. 8.34 Pathogenesis of a cervical
root fracture. A. The tooth is firmly
locked in its socket. B. A pure bending
fracture occurs at the site of maximum
bending stress.

A B

Fig. 8.35 A. Horizontal infraction lines in the cervical area of a fractured
maxillary incisor. B. High magnification of the cervical area.
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to both poor developing countries and rich developed 
countries.

In Britain only 10–15% (183, 199) and in Finland only
25% of children who sustained TDI had received treatment
(198). Onetto et al. (224) reported a tendency for neglecting
treatment of serious TDI in very young patients. In a study
from Tanzania, 21% of the children had at least one type of
untreated TDI, where the highest percentage (26%) was
observed among children with high socio-economic status
(338). However, almost all (94%) of the teeth showing
untreated TDI were enamel- or enamel-dentin fractures.
The low rates of treatment provided observed worldwide
may be because TDI is not perceived as a disease. Another
aspect that could enhance treatment neglect is the dentists’
lack of knowledge regarding the treatment of TDI (340). In
addition, dental school curricula and health authorities tend
to focus resources on other oral health conditions but not
on treatment of TDIs.

One may argue that these studies did not assess norma-
tive treatment need and that most injuries may be too small,
therefore they need no treatment. Alternatively, it may be
argued that epidemiological studies too often include only
visual assessment and therefore tend to underestimate the
need for treatment. Marcenes and Murray (242, 266) evalu-
ated the need for treatment in addition to assessing only
untreated damage, and showed that not all untreated dental
injuries needed treatment because some injuries were
minor. Conversely, the study also showed that not all treated
injuries were satisfactory and some needed retreatment. A
more accurate estimation of treatment need used in these
studies confirmed that the treatment of TDIs was neglected,
as 56% of incisors that sustained damage were assessed as
needing treatment. Another study, using radiographs to
assess the treatment provided, found that only 47% of

A B

Fig. 8.36 Pathogenesis of a crown
root fracture. A. Tensile strain develops
across the line between the compres-
sive areas a and c. B. An oblique frac-
ture occurs in the area of tensile strain.

Fig. 8.37 Experimental model in concrete showing an oblique fracture
connecting the area of compression c and supporting area a. Courtesy of
Dr. H. H. KRENCHEL, Structural Research Laboratory, Technical University,
Copenhagen.
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A B

Fig. 8.38 Pathogenesis of a crown
fracture. A and B. Cleavage line takes
the shortest route, resulting in a pure
horizontal shear fracture of the crown.

A B

Fig. 8.39 Fracture line orientation in
enamel and dentine. A. The orientation
of the enamel prisms and, to a certain
degree, the dentinal tubules determine
the course of the fracture line. B.
Ground section of a fractured maxillary
central incisor.

A B

Fig. 8.40 Etiology of a penetrating lip
lesion. A. Impact direction parallel to
the axis of the maxillary incisors. B. The
lower lip has been interposed between
the incisal edges and the staircase.
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A B

Fig. 8.41 Etiology of a penetrating lip
lesion. A. Impact direction is parallel to
the axis of the mandibular incisors. B.
The lower lip has been interposed
between incisal edges and the stair-
case.

damaged teeth had received treatment, of which 59% was
inadequate (340). A study carried out in a developing
country (Jordan) has shown that only 3% of the injured
teeth were treated, while 64% of the teeth needed treatment
(341).

Several studies confirmed that treatment of TDI often is
neglected. Marcenes et al. (215, 240) have shown in studies
in Brazil and Syria that a majority of the traumatized teeth
were not treated. In another study it was reported that nearly
half of the sample who had experienced injuries to the per-
manent anterior teeth were not taken to the dentist for eval-
uation or treatment (244). A study from Central Taiwan also
showed that a minor number of the subjects had sought
dental or medical help (220).

Lay knowledge in society

The prognosis of some injuries, especially avulsed teeth,
depends on the correct measures taken immediately after
injury. Research findings have defined correct first aid meas-
ures. Thus, it is of importance that not only professionals
have access to this knowledge, but also lay people who are
likely to provide the first aid to the injured person, e.g.
parents, teachers, school nurses, health care professionals
and physical trainers. They should know first aid procedures
related to an avulsed permanent tooth. However, studies on
lay knowledge on the management of TDI generally report
a low level of knowledge (342–348). Physicians, medical 
students or physical education teachers have also been 
found lacking in knowledge of how to manage TDI (349,
350).

The prognosis for some of the dental injuries, e.g. avul-
sion injuries, depends on early treatment (351). However,
many studies have shown that there is a significant delay
before patients seek treatment (247, 352, 353), especially

among low socio-economic populations (222, 354). It
should be noted that it is essential that professional advice
is sought from a dentist following all dental injuries; and not
just for injuries which cause pain or result in poor esthetics
(264). Campaigns with brochures or posters are, therefore,
important tools for informing the general population about
what to do in dental trauma situations and have been con-
ducted in many countries including Argentina, Australia,
Brazil, Denmark, Sweden, the UK and the USA. Such cam-
paigns must also be repeated. In the scientific literature to
date only a few studies have measured the effects of such
campaigns (355–357). Better public awareness of emergency
care may significantly improve long-term prognosis of treat-
ment of many TDIs.

Organization of emergency care

TDIs account for a large proportion of oral related emer-
gency treatment. Analysis of after-hours emergency dental
service data during one calendar year at the Royal Belfast
Hospital for Sick Children reveal that traumatic injuries to
teeth, supporting structures, gingiva, and oral mucosa rep-
resent the second most frequent complaint. While 39%
visited the service due to dental injuries, 49% visited it due
to all types of toothache including abscess (358). Similar
proportions are reported in other studies. Oral injuries tend
to occur in leisure time (359), in the middle of the week and
in the afternoon (0–15 years) and during week-end and late
evening (16–30 years) (216). Emergency room reports also
indicated a greater frequency of TDIs in the summer
months, whereas reports from Scandinavian public dental
health services indicated a drop in the same period (20, 153,
176, 206, 216). This discrepancy could be related to the fact
that most people tend to leave the bigger cities for summer
vacations and if a TDI occurs, they visit a local dental
surgery.
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For this reason it is important that a dental emergency
service is organized in each geographic region. Ideally, such
a service should be provided on a 24-hour basis. During
office hours, dental clinics can provide emergency service.
However, because the majority of dental injuries occur
outside office hours, other solutions must also be provided.
An emergency service should be provided via a central
dental emergency clinic or hospital.

Studies have shown that treatment of dental trauma in
emergency care services is often inadequate (201, 215, 340,
360–362), and that patients are not always satisfied with the
care provided (201, 363). For this reason it is important that
emergency dental staff have experience in dental trauma
treatment and preferably be regularly exposed to such situ-
ations (359). Manuals and guidelines for emergency treat-
ment are valuable tools and will facilitate the treatment of
dental trauma for dentists serving in the emergency service.
(364–368).

Prevention of TDIs is also largely neglected. This may be
because injuries have traditionally been regarded as random
events, unavoidable ‘accidents’. This assumption is incorrect,
as a body of knowledge now exists on the etiology of TDI.
For example, it is well established that human factors, such
as increased incisal overjet, and environmental factors, such
as playgrounds, coupled with a vector, such as tough sports
are significant factors predisposing to TDI. Therefore, TDI
has causal factors and can often be prevented. Nevertheless,
few health professionals provide appropriate information to
the public on how to prevent and manage a TDI event. A
public survey conducted in Australia reported that, while
most parents would seek emergency dental care if necessary,
only 10% were informed on the correct emergency proce-
dures if a permanent tooth was avulsed (199).

Future research

While learning how to care for a patient is a continuously
ongoing process, a goal for the future would be to increase
lay knowledge in managing a TDI, and to increase the acces-
sibility and the quality of emergency care. A model to follow
would be the WHO Healthy Cities Programme, where a
healthy city is defined as one that continually creates and
improves the physical and social environment and expands
community resources for enabling the mutual support
among population groups for living (369). The WHO
Health Promoting Schools Programme offers a broad solution
for dental trauma as a public health problem, where a Health
Promoting School constantly strengthens its capacity as a
healthy setting for living, learning and working (370). A
wide range of actions and policies are possible, including
personal and social education aimed at developing life skills,
school policy against bullying and violence, physical envi-
ronment, school health policy, alcohol policy, provision of
mouth guards, and links with health services (371). Moysés
et al. (372) showed that 10% fewer children in Brazil had
TDI in Health Promoting Schools that demonstrated a com-
mitment towards health and society.

Essentials

Injuries to the hard dental tissues and the pulp
(Fig. 8.1)

• Enamel infraction
• Enamel fracture
• Enamel-dentin fracture
• Complicated crown fracture (i.e. with pulp exposure)
• Uncomplicated crown-root fracture
• Complicated crown-root fracture (i.e. with pulp 

exposure)
• Root fracture

Injuries to the periodontal tissues (Fig. 8.2)

• Concussion
• Subluxation (loosening)
• Extrusive luxation (peripheral dislocation, partial avul-

sion)
• Lateral luxation 
• Intrusive luxation (central dislocation)
• Avulsion (exarticulation)

Injuries to the supporting bone (Fig. 8.3)

• Comminution of alveolar socket
• Fracture of alveolar socket wall
• Fracture of alveolar process
• Fracture of mandible or maxilla (jaw fracture)

Injuries to the gingiva or oral mucosa (Fig. 8.4)

• Laceration of gingiva or oral mucosa
• Contusion of gingiva or oral mucosa
• Abrasion of gingiva or oral mucosa

Prevalence and incidence (Table 8.3)

• 1 in 5 children and 1 in 4 adults have evidence of dental
injuries to permanent anterior teeth

Trends

• Dental trauma may become more prevalent than dental
caries in some countries

Repeated episodes

• If a trauma episode occurs at an early age (9 years) there
is an eight-fold increase in risk for new trauma

• Increased risk for trauma to the same teeth

Sex and age 

• Boys affected almost twice as often as girls
• Peak incidence of dental injuries at 2–4 and 8–10 years of

age
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• Incidence per year (1–18 years of age): 1.3–4 (Table 
8.6)

Prevalence in primary dentition (at 5 years of age)
(Table 8.4)

• Boys (31–40%)
• Girls (16–30%)

Prevalence in permanent dentition (at 12 years of
age) (Table 8.5)

• Boys (12–33%)
• Girls (4–19%)

Prevalence of dental injuries decreases significantly at
around 30 years of age (Fig. 8.11).

Predisposing factors

• Increased overjet
• Protrusion of upper incisors
• Insufficient lip closure

Types of dental injuries

• Primary dentition: most often luxations
• Maxillary central incisors most commonly involved
• Permanent dentition: most often uncomplicated crown

fractures

Place of injury

• At home
• In the street or in public places

Seasonal variations

• Dependent on local customs

Etiology

• Human behavior
a. Risk-taking
b. Peer relationship problems
c. Hyperactivity
d. Stress behavior

• Environmental factors
a. Deprivation
b. Overcrowding

• Unintentional injuries
a. Falls and collisions
b. Physical leisure activities (sports)
c. Traffic accidents
d. Inappropriate use of teeth
e. Biting hard itims
f. Presence of illness, physical limitations or learning 

difficulties

• Intentional injuries
a. Physical abuse
b. Iatrogenic procedures

Mechanism of dental injuries

Trauma type

• Direct trauma
• Indirect trauma

Factors characterizing an impact to the teeth

• Energy of impact
• Resilience of the impacting object
• Shape of the impacting object
• Angle of direction of the impacting force

Treatment need

• Treatment needs are insufficiently met in most countries

Lay knowledge in society

• Professionals and lay people usually have a low level of
knowledge of how to take care of a traumatic dental injury

Organization of emergency care

• Dental emergency service should be provided on a 24-
hour basis by emergency dental staff regularly exposed to
such situations

Future research

• Increase professional and lay knowledge in managing
dental trauma by including the WHO Health Promoting
Schools Programme and WHO Healthy Cities Programme

Public health

• Need to standardize the assessment and the classification
of dental trauma and its etiology
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A dental injury should be considered an emergency and
should ideally be treated immediately to relieve pain, facili-
tate reduction of displaced teeth and for some injuries also
improve prognosis. However, minor injuries can very well
be treated with some delay. This issue is further discussed in
Chapter 35.

Rational therapy depends upon a correct diagnosis, which
can be achieved with the help of various examination tech-
niques. While a dental injury can often present a complex
picture, most injuries can be broken down into several
smaller components. Information gained from the various
examination procedures will assist the clinician in defining
these trauma components and determining treatment pri-
orities (1–18, 57–65, 97–107). It must be understood that an
incomplete examination can lead to inaccurate diagnosis
and less successful treatment (102). Surveys of examination
procedures in children have been published by Hall (108)
(1986), Newton (148) (1992) and Bakland and Andreasen
(147) (2004).

An adequate history is essential to the examination and
should include answers to the questions listed below. In
order to save time, standardized charts are recommended for
acute examination and follow-ups (149) (See Appendices
1–3, pp. 876–881 and Fig. 9.1). The recorded information is
of value in insurance claims and for other medico-legal 
considerations.

Despite the importance of a systemic approach, which
begins with an adequate medical and dental history, acute
bleeding or respiratory problems and replantation of
avulsed teeth will change this sequence.

The pattern of injury observed depends primarily upon
factors such as (a) the energy of impact, (b) the direction
and location of impact, and (c) the resilience of the peri-
odontal structures (see Chapter 8).

Resilience of the periodontal structures appears to be the
most significant factor in determining the extent of injury.
Thus, impact in the very resilient skeleton supporting the
primary dentition usually results in tooth displacement
rather than fracture of hard tissues.

The opposite is true of injuries in the permanent denti-
tion. Thus, with impact against the ground in an adult,

either a crown, crown-root or root fracture may result, as the
energy of impact will tend to produce a combination of
zones of compression and tensile stress.

In the event that the lips intercept the initial blow, the
energy delivered may be distributed over several teeth,
resulting in concussions, subluxations, lateral luxations or
intrusions.

If the course of impact is steeper and there is direct impact
against the teeth, crown fractures can result. An indirect
impact with the lips intervening may result in extrusive lux-
ation with or without a penetrating lip wound.

In case of an axially directed impact against the chin,
energy may be absorbed by the mandibular condyles or
symphysis, and the premolars or molars of both dental
arches. Such an impact can result in fracture or luxation of
the mandible or temporomandibular joint, as well as crown-
or crown-root fractures of the involved teeth. In the event of
this type of impact, it should also be borne in mind that the
axis of rotation of the head can be at the base of the skull.
In these cases, cerebral involvement should also be consid-
ered. (See also under History, p. 256).

The extent of the above-mentioned injuries will naturally
be altered by the relative binding strength of the teeth to
their supporting structures.

In conclusion, when examining a dental trauma, consider
the following features with respect to determining the
pattern of injury and the subsequent extent of injury:

(1) The direction of impact (its relationship to the occlusal
plane)

(2) Possible lip involvement
(3) Resilience of the periodontal structures. In this regard,

the patient’s history will be valuable.

History

(1) Patient’s name, age, sex, address, and telephone number
(2) When did injury occur?
(3) Where did injury occur?
(4) How did injury occur?
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(5) Treatment elsewhere
(6) History of previous dental injuries
(7) General health

The implications of the answers to these questions are dis-
cussed separately:

Item 1. Apart from the obvious necessity of such infor-
mation, the ability of the patient to provide the desired
information might also provide clues to possible cerebral
involvement or general mental status (e.g. inebriation) (see
also Item 8).

Item 2. The time interval between the injury and treat-
ment significantly influences the result of replantation of
avulsed teeth (see Chapter 17). Furthermore, the result of
treatment of luxated teeth (20), crown fractures with and
without pulp exposures (21–23), as well as bone fractures,
may be influenced by delay in treatment (24, 25). This issue
is, however, uncertain as a recent study has shown conflict-
ing data (178). It is further discussed on p. 273.

Item 3. The place of accident may indicate a need for
tetanus prophylaxis.

Item 4. As already indicated, the nature of the accident
can yield valuable information on the type of injury to be
expected, e.g. a blow to the chin will often cause fracture at
the mandibular symphysis or condylar region as well as
crown-root fractures in the premolar and molar regions
(Fig. 9.2). Accidents in which a child has fallen with an
object in its mouth, e.g. a pacifier or toy, tend to cause dis-
location of teeth in a labial direction.

In young children and women presenting multiple soft
tissue injuries at different stages of healing, and where there
is a marked discrepancy between the clinical findings and the
past history, the battered child or battered wife syndromes
should be considered (see Chapter 7). In such cases the
patient should be referred for a medical examination.

Item 5. Previous treatment, such as immobilization,
reduction or replantation of teeth, should be considered
before further treatment is instituted. It is also important to
ascertain how the avulsed tooth was stored, e.g. tap water,
sterilizing solutions, or dry.

Item 6. A number of patients may have sustained repeated
injuries to their teeth. This can influence pulpal sensibility

Fig. 9.1 Diagram used for recording
dental and maxillo-facial injuries.
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tests and the recuperative capacity of the pulp and/or 
periodontium (Figs 9.3 and 9.4).

Item 7. A short medical history is essential for providing
information about a number of disorders such as allergic
reactions, epilepsy, or bleeding disorders, such as hemophilia
(66–68). These conditions can influence emergency as well
as later treatment (Fig. 9.5).

The subjective complaints can provide the examiner with
a clue to the injury. The following questions should be
addressed:

(1) Did the trauma cause amnesia, unconsciousness,
drowsiness, vomiting, or headache?

(2) Is there spontaneous pain from the teeth?
(3) Do the teeth react to thermal changes, sweet or sour

foods?
(4) Are the teeth tender to touch, or during eating?
(5) Is there any disturbance in the bite?

Item 8. Episodes of amnesia, unconsciousness, drowsiness,
vomiting or headache indicate cerebral involvement.

Fig. 9.3 Previous injury, primary den-
tition. This 4-year-old girl has suffered
subluxation of her right central incisor.
At the age of 1 year there was an injury
affecting both central incisors resulting
in pulp necrosis of the right central
incisor and pulp canal obliteration of
the left incisor.

Fig. 9.4 Previous injury, permanent
dentition. The patient has just suffered
enamel fractures of the incisors. How-
ever, a dental injury 4 years earlier has
resulted in pulp necrosis of both
central incisors and pulp canal obliter-
ation, arrested root formation and sec-
ondary pulp necrosis of the left lateral
incisor.

Fig. 9.2 Induced trauma. A soft tissue
bruise under the chin can imply a com-
plicated injury pattern, often involving
fractures of premolars and molars, the
temporomandibular joint and symph-
ysis, as well as risk of cerebral involve-
ment. In this case, a blow to the chin
has resulted in multiple crown-root
fractures of premolars.
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Amnesia can be disclosed by the patient’s response to ques-
tions (e.g. Item 1), repetition of questions (e.g. ‘Where am
I?’, ‘What’s happened?’) and inability to recall events imme-
diately before or after the accident. In such cases, the patient
should immediately be referred for medical examination to
establish priorities for further treatment (109). It should be
noted, however, that most acute dental treatment (e.g. radi-
ographic examination, repositioning of displaced teeth,
application of fixation) can be performed at the patient’s
bedside. And, as previously mentioned, early treatment 
will help to improve the long-term prognosis of dental
injury.

Another type of trauma may occur in patients under
general anesthesia who are slowly regaining consciousness.
At a certain stage of recovery, strong masticatory muscle
activity can take place with resultant clenching and biting
which can lead to injury of the tongue, lips and teeth (108,
111).

Item 9. Spontaneous pain can indicate damage to the
tooth-supporting structures, e.g. hyperemia or extravasation
of blood into the periodontal ligament. Damage to the pulp
due to crown or crown-root fractures can also give rise to
spontaneous pain.

Item 10. Reaction to thermal or other stimuli can indi-
cate exposed dentin or pulp. This symptom is to some
degree proportional to the area of exposure.

Items 11 and 12. If the tooth is painful during mastica-
tion or if the occlusion is disturbed, injuries such as extru-
sive or lateral luxation, alveolar or jaw fractures, or
crown-root fractures should be suspected.

Clinical examination

An adequate clinical examination depends upon a thorough
examination of the entire injured area and the use of special
examination techniques. The use of standardized examina-
tion charts can aid data registration (see Appendices 1–3,
pp. 876–881). These diagnostic procedures can be summa-
rized as follows:

(1) Recording of extraoral wounds and palpation of the
facial skeleton

(2) Recording of injuries to oral mucosa or gingiva.
(3) Examination of crowns of teeth for the presence and

extent of fractures, pulp exposures, or changes in color
(4) Recording of displacement of teeth (i.e. intrusion,

extrusion, lateral displacement, or avulsion)
(5) Disturbances in occlusion
(6) Abnormal mobility of teeth or alveolar fragments
(7) Palpation of the alveolar process
(8) Tenderness of teeth to percussion and change in per-

cussion (ankylosis) tone
(9) Reaction of teeth to pulpal sensibility testing.

Item 13. Extraoral wounds are usually present in cases
resulting from traffic accidents. The location of these
wounds can indicate where and when dental injuries are to
be suspected, e.g. a wound located under the chin suggests
dental injuries in the premolar and molar regions and/or
concomitant fracture of the mandibular condyle and/or
symphysis. Palpation of the facial skeleton can disclose jaw
fractures. Subcutaneous hematomas can also be an indica-
tion of fracture of the facial skeleton.

Item 14. Injuries of the oral mucosa or gingiva should be
noted. Wounds penetrating the entire thickness of the lip
can frequently be observed, often demarcated by two paral-
lel wounds on the inner and/or outer labial surfaces (Fig.
9.6). If present, the possibility of tooth fragments buried
between the lacerations should be considered (26, 27,
69–72). Such embedded fragments can cause acute or
chronic infection and disfiguring fibrosis. The probable
mechanism for these injuries is that the tooth, having pen-
etrated the full thickness of the lip, is fractured as it emerges
from the skin and strikes a hard object. The tooth fragment
is retained within the soft tissue, which then envelops it at
the moment of impact (26). These fragments can seldom be
palpated, irrespective of size. Careful radiographic examina-
tion of the involved soft tissues is therefore necessary to dis-
close these fragments (Fig. 9.6). Along with tooth fragments,
other foreign bodies can often be found within the soft
tissue.

Fig. 9.5 An 8-year-old boy with
known hemophilia experiencing pro-
longed bleeding from the periodontal
ligament around the left central 
incisor. The patient had suffered a sub-
luxation injury 22 hours earlier. From 
BESSERMAN-NIELSEN (67) 1974.
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Gingival lacerations are often associated with displaced
teeth. Bleeding from non-lacerated marginal gingiva indi-
cates damage to the periodontal ligament.

Submucosal hematomas sublingually, in the vestibular
region or in the palate can be indicative of a jaw fracture.
Thorough radiographic examination, including examina-
tion of the border of the mandible and mobility of jaw 
segments en bloc, must accompany this finding, as a jaw frac-
ture could otherwise be overlooked (Fig. 9.7).

Finally, it is essential that blood covering the alveolar
process be removed, as this can sometimes reveal displace-
ment of the mucoperiosteum into the buccal sulcus. Typi-
cally these patients demonstrate severe edema of the upper
lip and sharp pain upon palpation of the exposed periosteal
surface (108).

Item 15. Before examining traumatized teeth, the crowns
should be cleaned of blood and debris.

Infraction lines in the enamel can be visualized by direct-
ing a light beam parallel to the long axis of the tooth or by
shadowing the light beam with a finger or mouth mirror
(see Chapter 10, p. 280). When examining crown fractures,
it is important to note whether the fracture is confined to
enamel or includes dentin. The fracture surface should be

carefully examined for pulp exposures; if present, the size
and location should be recorded. In some cases, the dentin
layer may be so thin that the outline of the pulp can be seen
as a pinkish tinge beneath dentin. One should take care 
not to perforate the thin dentinal layer during the 
examination.

Crown-root fractures in the molar and premolar regions
should be expected in the case of indirect trauma (see
Chapter 11, p. 314). It is important to remember that crown-
root fractures in one quadrant are very often accompanied
by similar fractures on the same side of the opposing jaw. It
is therefore necessary to examine occlusal fissures of all
molars and premolars to confirm the presence or absence of
possible fractures.

Depending on the stage of eruption, fractures below the
gingival margin can involve the crown alone or the cervical
third of the root.

Color of the traumatized tooth should be noted, as
changes can occur in the post-injury period. These color
changes are most often prominent on the oral aspect of
the crown at the cingulum. Moreover, examination with
transillumination can reveal changes in translucency (see
Chapter 13, p. 380).

Fig. 9.6 Penetrating lip lesion. Two
parallel lesions, either in the mucosa
and skin or mucosa only, are an indi-
cation that teeth have penetrated
tissue and that tooth fragments and
other foreign bodies can be expected
deep within the wound. A radiographic
film is placed between the lips and the
dental arch. The exposure time is 25%
of the normal for a dental exposure.

A B C

Fig. 9.7 A 10-month-old child referred for a luxated left primary central incisor. The clinical examination revealed slight loosening of the incisor and a
sublingual hematoma (arrow). B. Radiographic examination of the involved incisors revealed no sign of jaw fracture. C. Because of the finding of a sub-
lingual hematoma, a new radiograph including the border of the mandible was taken. This radiograph clearly demonstrated fracture of the symphysis.
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Item 16. Displacement of teeth is usually evident by visual
examination; however, minor abnormalities can often be
difficult to detect. In such cases, it is helpful to examine the
occlusion as well as radiographs taken at various angulations
(see p. 267).

The possibility of inhaling or swallowing teeth at the time
of injury should always be considered when teeth or pros-
thetic appliances are missing and their presence elsewhere
cannot be established (73–76).

Although inhalation of foreign bodies in connection with
traumatic injuries is normally associated with a loss of pro-
tective reflexes in an unconscious patient, it may also occur
in a conscious patient without producing symptoms (76).
Consequently, if there is reason to suspect inhalation or
swallowing of a tooth or dental appliance, it is important
that radiographs of the chest and the abdomen be taken as
soon as possible (Fig. 9.8).

In case of tooth luxation, the direction of the dislocation
as well as extent (in mm) should be recorded. In the primary
dentition, it is of utmost importance to diagnose oral dislo-
cation of the apex of a displaced primary tooth, as it can
impinge upon the permanent successor.

It is important to remember that, apart from displacement
and interference with occlusion, laterally luxated and
intruded teeth present very few clinical symptoms. More-
over, these teeth are normally firmly locked in their displaced
position and do not usually demonstrate tenderness to per-
cussion. While radiographs can be of assistance, diagnosis is

confirmed by the percussion tone (see Chapter 13, p. 372).
Item 17. Abnormalities in occlusion can indicate fractures

of the jaw or alveolar process. In the former case, abnormal
mobility of the jaw fragments can be demonstrated.

Item 18. All teeth should be tested for abnormal mobil-
ity, both horizontally and axially. Disruption of the vascular
supply to the pulp should be expected in case of axial 
mobility.

It should be remembered that erupting teeth and primary
teeth undergoing physiologic root resorption always exhibit
some mobility.

The typical sign of alveolar fracture is movement of adja-
cent teeth when the mobility of a single tooth is tested.

In case of root fracture, location of the fracture deter-
mines the degree of tooth mobility. However, without 
radiographic examination, it is usually not possible to dis-
criminate between luxation injuries and root fractures.

Item 19. Uneven contours of the alveolar process usually
indicate a bony fracture. Moreover, the direction of the dis-
location can sometimes be determined by palpation.

Item 20. Reaction to percussion is indicative of damage
to the periodontal ligament (77). The test may be performed
by tapping the tooth lightly with the handle of a mouth
mirror, in a vertical as well as horizontal direction. Injuries
to the periodontal ligament will usually result in pain. As
with all examination techniques used at the time of injury,
the percussion test should be begun on a non-injured tooth
to assure a reliable patient response. In smaller children, the

A B

Fig. 9.8 A. Posteroanterior radiograph of chest showing foreign body in right middle lobe intermediate bronchus after maxillofacial injury. B. Tooth
recovered from right lung via bronchoscopy. From GILLILAND et al. (76) 1972.
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use of a fingertip can be a gentler diagnostic tool. In infants,
this is neither possible nor reliable.

The sound elicited by percussion is also of diagnostic
value. Thus, a hard, metallic ring elicited by percussion in a
horizontal direction indicates that the tooth is locked into
bone; while a dull sound indicates subluxation or extrusive
luxation. However, it should be noted that teeth with apical
and marginal periodontal lesions can also give a dull per-
cussion sound (77). Dental trauma has also been found to
be associated with increased touch thresholds in permanent
teeth with recovery towards healthy control values after 3–12
months (150).

A calibrated percussion instrument has been introduced,
Periotest®, which is an electronic device that measures the
dampening (shock absorbing) characteristics of the peri-
odontium (112, 113, 151, 152, 177). However, the force
imparted by such an instrument might contribute a new
trauma, possibly leading to damage to the neurovascular
supply of the pulp. In the follow-up period, however, this
instrument could be of value in the diagnosis of post-trau-
matic sequelae, such as ankylosis (153).

Sensitivity and specificity

A dental trauma implies a number of examination proce-
dures, whose purpose is to determine the extent of injury and
the status of healing processes or healing complications in the
follow-up period. Each of these procedures has a certain sen-
sitivity (i.e. the capacity to diagnose healing complications
(e.g. pulp necrosis). Thus, a sensitivity value of 1.0 implies
100% effectiveness that all cases with pathologic change (e.g.
pulp necrosis) were identified. Specificity is the capacity to
diagnose correctly a healthy status (e.g. healthy pulp). A
specificity value of 1.0 implies 100% effectiveness in that
regard. An ideal testing method should, therefore, have 100%
sensitivity (i.e. no false pathologic changes) and 100% speci-
ficity (i.e. no false healthy cases), a utopian situation which
presently does not exist (154). This concept will be applied in
the description of the various examination procedures.

In selecting examination procedures, it is important to
consider the consequences of the value of specificity. If a
method is chosen which favors high sensitivity, this will
imply that a certain number of teeth with vital or healing
pulps will be subjected to endodontic treatment if precision
is not reasonably high at the same time.

If all attention is paid to the precision (i.e. avoiding
endodontic treatment of vital or healing teeth), a certain
number of teeth with pulp necrosis will not be detected or
treated. In case of pulp-related root resorption, this is an
unfortunate situation; so in this situation, a high specificity
of a test procedure should be used (see later).

Item 21. Pulp testing following traumatic injuries is a
controversial issue. These procedures require cooperation
and a relaxed patient, in order to avoid false reactions.
However, this is often not possible during initial treatment
of injured patients, especially children.

Pulpal sensibility testing at the time of injury is impor-
tant for establishing a point of reference for evaluating

pulpal status at later follow-up examinations. A number of
tests have been proposed. However, the value of these has
recently been questioned (28–30, 114, 116). The principle 
of these tests involves transmitting stimuli to the sensory
receptors of the dental pulp and registering the reaction;
while others register the vascular component in the pulp
canal.

Pulp testing principles

In the evaluation of various pulp testing procedures, it
should be considered that most procedures (e.g. thermal
tests, electronic pulp testing (EPT)) assess the nerve supply
to the pulp (which is naturally dependent upon an intact
vascular supply); whereas laser Doppler flowmetry (LDF)
assesses the presence of a functioning vascular supply.

A disturbing fact then comes to mind, that neural regen-
eration in a traumatized pulp is slower than vascular regen-
eration and sometimes is even lacking (159–162). Thus, a
priori vascular detecting systems (e.g. LDF) are more sensi-
tive than EPT and thermal testing devices, which are specif-
ically related to nerve regeneration.

In a recent, very detailed study on the sensitivity and
specificity of various pulp testing methods, LDF was com-
pared to other pulp testing methods in vital teeth and teeth
with known pulp necrosis. LDF was found to be far better
than EPT and ethyl chloride (i.e. higher sensitivity and
specificity) (154) (Fig. 9.9).

Mechanical stimulation

In crown fractures with exposed dentin, pulpal sensibility
can be tested by scraping with a dental probe. Some authors
have proposed drilling a test cavity in the tooth in order to
register the pain reaction when the bur advances into the
dentin. However, in a study on sensibility reactions of
replanted teeth, it was found that a pain reaction was not
noted until the dentin-pulp border was reached (31).

In the case of crown fractures with exposed pulp tissue,
the reaction of the pulp to mechanical stimuli can be tested
by applying a cotton pellet soaked in saline. Exploration
with a dental probe must not be attempted as it may provoke
severe pain and inflict additional injury to the pulp.

Thermal tests

Thermal stimulation of teeth has been used for many years
and various methods have been advocated. Among these, the
most frequently used are heated gutta-percha, ethyl chloride,
ice, carbon dioxide snow, and dichlor-difluormethane.

Thermal pulp testing results are not reproducible in terms
of graded intensity, and normal pulp tissue may yield a neg-
ative response (29, 79). A positive reaction usually indicates
a vital pulp, but it may also occur in a non-vital pulp, espe-
cially in cases of gangrene when heat produces thermal
expansion of fluids in the pulp space, which in turn 
presumably exerts pressure on inflamed periodontal tissues
(38).
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Heated gutta-percha

The following standardization has been advocated by
Mumford (29). A stick of gutta-percha is heated by holding
about 5 mm of its length in a flame for 2 seconds, where-
upon it is applied to the tooth on the middle third of the
facial surface (Fig. 9.10). The value of this test has been ques-
tioned, as the intensity of sensation reported by the patient
is not reproducible, and even non-injured teeth may fail to
respond (29, 79). The sensitivity of this test has been found
to be 0.86 and specificity to be 0.41 (155).

Ice

This method involves the application of a cone of ice to the
facial surface of the tooth (Fig. 9.11). Reaction depends on
the duration of application; a period of 5 to 8 seconds
increases the sensitivity of this test (33). The reliability of
this procedure has also been questioned as non-injured teeth
may not respond (32, 33, 78).

Fig. 9.9 Sensitivity and specificity of
various pulp testing procedures. After
EVANS et al. (154) 1999.

Fig. 9.10 Pulp testing with heated gutta-percha. The stick of gutta-
percha is applied to the middle third of the facial surface.
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Ethyl chloride

Ethyl chloride can be applied by soaking a cotton pledget
and then placing it on the facial surface of the tooth to be
tested (Fig. 9.12) (CAUTION! flammable). The limitations
described for heated gutta-percha also apply to this method,
although ethyl chloride gives more consistent results (29, 80,
81). The sensitivity for this test has been found to be 0.83
and specificity 0.93 (116).

Carbon dioxide snow

Because of its low temperature (−78°C, −108°F), carbon
dioxide snow gives very consistent and reliable results, even
in immature teeth (34–37, 78, 79, 82, 83) (Fig. 9.13). This
method also allows pulp testing in cases where an injured
tooth is completely covered with a temporary crown or
splint (32, 82) (Fig. 9.11). However, a serious drawback to

this procedure is that the very low temperature of the carbon
dioxide snow can result in new infraction lines in the enamel
(84, 85) (Fig. 9.14), although this finding has not been sub-
stantiated in later studies (116, 118). Furthermore, no
changes could be found in the pulp in animal experiments
(119). Only prolonged exposure to very low temperatures
(i.e. −80°C for 1 to 3 minutes) has been shown to elicit 
transient pulpal changes (secondary dentin formation)
(120).

Dichlor-difluormethane

This is another cold test (e.g., Frigen®, Provotest®) in which
an aerosol is released at a temperature of −28°C (−18°F)
onto the enamel surface (85–87, 109). Like carbon dioxide
snow, it elicits a very reliable and consistent response from
both mature and immature teeth (88). However, the same
drawback has been recorded with this test as with carbon

Fig. 9.11 Pulp testing with ice. A cone of ice is applied to the middle
third of the facial surface of the tooth: 5 to 8 seconds may be required to
elicit a reaction.

A B

Fig. 9.12 Pulp testing with ethyl chloride. A pledget of cotton is satu-
rated with ethyl chloride and applied to the middle third of the facial
surface.

Fig. 9.13 Pulp testing with carbon
dioxide snow. A. Pulp testing with
carbon dioxide snow of a fractured
incisor covered with a stainless steel
crown. B. Disassembled model of a
carbon dioxide snow pulp tester
(Odontotest®, Fricar A. G., Zürich 1,
Switzerland).
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dioxide snow, although to a lesser degree; namely, infraction
lines in the enamel caused by the thermal shock (85).

Electric pulp testing (EPT)

Electric pulp testers

Electric pulp testing should employ a current measurement
instrument that allows control of the mode, duration, fre-
quency, and direction of the stimulus (38, 121). Voltage
measurement is not satisfactory because a given voltage 
produces varying currents as a result of differences in the
electrical resistance of the tissues, especially enamel. Such
variations can result from fissures, caries, and restorations
(39). Experimental studies have shown that the current is
presumably carried ionically through the electrolytes of the
tooth (40, 41). Moreover, immediate changes in the vascu-
lar flow after a luxation injury are reflected in loss of EPT
response, which with time can return to normal (163).

The stimulus should be clearly defined, as it significantly
affects nerve excitation (42). Furthermore, the electrode area
should be as large as the tooth shape will permit, allowing
maximum stimulation (39, 43, 122). Stimulus duration of
10 milliseconds or more has been advocated (43). Recently,
a digital pulp tester has been introduced which appears to
produce very reliable readings (123).

Electrical sensibility testing is usually carried out in the
following way (Fig. 9.15).

(1) The patient is informed as to the purpose and nature of
the test and is instructed to indicate when a sensation is
first experienced.

(2) The tooth surface is isolated with cotton rolls and air-
dried. Saliva on the tooth surface can divert the current
to the gingiva and periodontal tissue, giving false read-
ings. However, the tooth should not be desiccated for
long periods, as enamel can lose moisture with a result-
ant increase in electrical resistance (44, 45). Several
media such as saline and toothpaste can be used as con-
ductor between electrode and tooth surface (146).

(3) The electrode is placed as far from the gingiva as possi-
ble, preferably on a fracture area or the incisal edge,
where the strongest response can be obtained (124,
125). The neutral electrode can be held by the patient.
A modification of this system involves the examiner
completing the circuit by touching the patient’s mouth
with a finger or a mouth mirror. A metal dental instru-
ment (e.g. dental explorer) can also serve as an electric
conductor to the tooth (126). The use of rubber gloves
presents a clinical problem, as the correct use of the pulp
tester requires that the dentist completes the electrical
circuit by direct physical contact with the patient. One

A B

Fig. 9.14 Scanning electron micro-
scope view of the enamel surface
before (A) and after (B) pulp testing
with carbon dioxide snow. It is appar-
ent that an infraction line has devel-
oped after testing (arrows). ×1200.
From BACHMANN & LUTZ (85) 1976.

Fig. 9.15 Electrometric pulp testing.
The tooth is air-dried and isolated with
cotton rolls. The electrode is placed on
the incisal edge or on the incisal third
of the facial surface of the crown.
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study has indicated that this problem can be overcome
if the patient grasps the end of the pulp tester after it is
positioned on the tooth (128); however, other studies
suggest that such a procedure can produce unreliable
results (129, 130). Recently, a clip to the lip has been
developed which permits the dentist to conduct a test
wearing rubber gloves (131).

(4) The rheostat of the tester is advanced continulously until
the patient reacts. If the current is then maintained at the
existing level, adaptation occurs and the patient feels that
the pain has disappeared, so that a further increase of
current gives a higher threshold value.This phenomenon
implies that the pain threshold cannot be regarded as
constant (43). The threshold value should therefore be

determined by a quick rather than a slow increase in
current. However, the current should not be increased so
quickly that it is painful. The value of the pain threshold
of the tooth should be recorded for later comparison.

(5) Splints and temporary crowns used in the treatment of
traumatic dental injuries can alter the response to both
thermal and electrometrical tests (79). Thus, contact
between the gingiva and a stainless steel crown, a metal
cap splint or arch bar significantly increases the pain
threshold, as the current bypasses the tooth and is con-
ducted to the gingiva or adjacent teeth (79). In order to
obtain a reliable sensibility response to electrometric
pulp testing, the electrode must be placed upon enamel
and the tooth isolated from adjacent vital teeth 

A B C D
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Fig. 9.16 Influence of splints and temporary crowns upon electric pulp testing procedures. The schematic drawings illustrate the reactions recorded with
a Siemens pulp tester (Sirotest II®) which has a scale from 0 to 4. The columns next to the drawing of the teeth indicate the average reaction to the
specific testing circumstances. A to H illustrate testing of a vital tooth and I to P illustrate testing of a tooth with pulp necrosis. A. Electrode placed upon
the incisal edge. B. Tooth isolated with an acetate strip. C. Electrode placed upon the middle third of the labial surface. D. Electrode contacting gingiva.
E. Electrode contacting an open faced steel crown. F. Electrode placed upon enamel on a tooth with an open faced steel crown. G. Electrode placed
upon the incisal edge of a tooth splinted with a metal arch bar. H. Electrode placed upon the metal arch bar. I. Electrode placed upon the incisal edge
of a tooth with pulp necrosis. J. Tooth isolated with acetate strips. K. Electrode placed upon the middle third of the labial surface. L. Electrode contact-
ing gingiva. M. Electrode contacting an open faced steel crown. The current is passed on to the gingiva, giving a weak response. N. Electrode placed
upon enamel on a tooth with an open-faced steel crown. The current is passed on to the adjacent teeth. O. Electrode placed upon the incisal edge of
a tooth splinted with a metal arch bar. Current is passed on to neighboring vital teeth. P. Electrode placed upon the metal arch bar. The current is passed
on to neighboring vital teeth. NOTE: all testing situations revealing a reliable response are indicated with an asterisk. From FULLING & ANDREASEN (79)
1976.
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(Fig. 9.16). A distance of at least 1 millimeter between
the electrode and metal is recommended. If the tempor-
ary crown or splint cannot be altered in the above-
mentioned manner, thermal pulp testing with carbon
dioxide snow is a reliable alternative (79) (Fig. 9.16).

The value and reliability of electrometric pulp testing
have been evaluated by comparison of the pain threshold
with the histologic condition of the pulp (30, 46, 89–92).
Apparently, there is not always a direct relationship; thus
teeth which fail to respond to stimulation with maximum
current can show a histologically normal pulp, while
inflamed or even necrotic pulps can respond electrometri-
cally within the normal range. A common belief has been
that low readings indicate hyperemia or acute pulpitis while
high readings indicate chronic pulpitis or degenerative
changes. However, recent investigations do not support 
this view (30, 47).

The interpretation of pulpal sensibility tests performed
immediately after traumatic injuries is complicated by 
the fact that sensitivity responses can be temporarily or 
permanently decreased, especially after luxation injuries
(132–135). However, repeated testing has shown that
normal reactions can return after a few weeks or months 
(1, 32, 48–51, 81, 93, 133–135). Moreover, teeth which have

been loosened can elicit pain responses merely from pres-
sure of the pulp testing instrument. It is therefore important
to reposition and immobilize, e.g. root-fractured or
extruded incisors prior to pulp testing. If local anesthetics
are to be administered for various treatment procedures,
pulp testing should be performed prior to doing this.

Another factor to consider is the stage of eruption. Teeth
react differently at various stages, sometimes showing no
reaction at all when root formation is not complete (52–54,
78, 94, 95). However, the excitation threshold is gradually
lowered to the normal range as maturation proceeds,
although it increases again in adulthood when the pulp
canal becomes partly obliterated (78, 136, 137) (Fig. 9.17).
One explanation could be incomplete communication
between odontoblastic processes and nerve fibers in imma-
ture teeth (55). However, this has been questioned in a
recent study where numerous myelinated nerve fibers were
found in the coronal odontoblast layer irrespective of stage
of development (138). Moreover, it is often difficult to
isolate partially erupted teeth and the current may circum-
vent the tooth, passing directly to the gingiva (56).

Finally, teeth undergoing orthodontic movement display
higher excitation thresholds (96).

The sensitivity of EPT has been found in the range of 0.72
and specificity 0.93 (154–158).

Fig. 9.17 Variation in sensibility 
level according to stage of root 
development of permanent incisors.
The diagram illustrates the reactions
recorded with a Siemens pulp tester
(Sirotest 77® which has a scale from 0
to 4). It appears that early and late
stages of root development are related
to higher sensibility levels. From
FULLING & ANDREASEN (78) 1976.
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Laser Doppler flowmetry (LDF)

A method has been developed whereby a laser beam can be
directed at the coronal aspect of the pulp. The reflected light
scattered by moving blood cells undergoes a Doppler fre-
quency shift. The fraction of light scattered back from the
pulp is detected and processed to yield a signal (Fig. 9.18).
The value of this method has been demonstrated in several
clinical studies where it was possible to diagnose the state of
pulp revascularization approximately 3–4 months before
EPT (Figs 9.19 and 9.20). (139, 140, 154, 164–171) The
design of the probes (169, 170), wave length, band width and
laser power have been found to influence the sensitivity and
specificity of LDF (172–174). Furthermore, it has been
found that the optimal position of the probe should be 2–3
mm from the facial gingiva (173).

Improved diagnosis of pulp necrosis by the use of
LDF compared to other methods

An experimental study has demonstrated the superiority of
this procedure in evaluation of the revascularization process
in replanted dog incisors (166). In a clinical study it was
found that in traumatized incisors which showed no elec-
trometric sensibility reactions and where laser Doppler
flowmetry (LDF) indicated no pulp vitality the sensitivity of
LDF was 97%. Conversely in electrometric non-sensible
teeth, where LDF showed the presence of blood perfusion,
the specificity of LDF in regard to pulp vitality was 100%
(164, 165).

In several clinical studies, it has been found that LDF was
able to advance detection of the revascularization process of
a damaged pulp due to a luxation injury compared to other
examination procedures (e.g. CO2 and EPT), i.e. from 6
months to 3 months after injury (139, 140, 164–166, 168).
In a recent and very comprehensive study, the sensitivity and
specificity of LDF was tested in 80 patients with luxated
maxillary incisors. In this study, the control teeth demon-
strated pulpal blood flow values (PBF) of 9.9 at the time of
injury. The final status 6 months after trauma showed that
the cases which at that time could be classified as having
obvious signs of pulp necrosis (Type 4, loss of sensitivity 
and periapical radiolucency; and Type 5, loss of sensitivity,

periapical radiolucency and grey discoloration) had the
maximum predictive values (high sensitivity (70%) and
specificity (93%)) if a PBU value of 2.9 at the time of splint
removal was chosen to separate pulps which would become
revascularized and those which would become necrotic
(175, 176).

However, several problems must be solved before this
method can be of general use. First it has been found that
blood pigment within a discolored tooth crown can inter-
fere with laser light transmission (145). Second, the equip-
ment necessary for this procedure needs further refinement
before it can be of general clinical value. Thus, the time
required to test a single tooth must be reduced significantly
(presently, 10–15 min). Third, the price of the equipment
must be considerable lower than it is at present.

Radiographic examination

All injured teeth should be examined radiographically. This
examination serves two purposes: it reveals the stage of root
formation and it discloses injuries affecting the root portion
of the tooth and the periodontal structures. Most root frac-
tures are disclosed by radiographic examination, as the frac-
ture line usually runs parallel to the central beam (102, 141)
(see Chapter 12, p. 339).

The clinical diagnosis of tooth displacement is corrobo-
rated radiographically. There is a widening of the periodon-
tal space in lateral and extrusive luxations, whereas intruded
teeth often demonstrate a blurred periodontal space.
However, determination of dislocation on the basis of radi-
ographs is highly dependent on the angle of the central
beam (20, 102). Radiographic demonstration of dislocation
of permanent teeth normally requires the use of more than
one exposure at differing angulations. The ideal method 
is the use of 3 different angulations for each traumatized
tooth, using a standardized projection technique (102).
Thus, a traumatized anterior region is covered by one
occlusal film and 3 periapical exposures, where the central
beam is directed between the lateral and central incisors and
the two central incisors. This procedure ensures diagnosis of
even minor dislocations or root fractures (Fig. 9.21). In this

Fig. 9.18 Pulp testing using a laser
Doppler flowmeter. The probe is placed
on the labial surface of the tooth.
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context, it is important to bear in mind that a steep occlusal
exposure is of special value in the diagnosis of root fractures
and lateral luxations with oral displacement of the crown
(102, 141) (see Chapter 12, p. 338 and Chapter 14).

Children under 2 years of age are often difficult to
examine radiographically because of fear or lack of cooper-
ation. With the parents’ help and the use of film holders, it
is usually possible to obtain a radiograph of the traumatized
area. (Fig. 9.22) It should also be noted that exposure time
can be reduced by 30% for each 10 KVP increase (Fig. 9.23).
In this way, radiographs of diagnostic quality can be taken
even with uncooperative patients.

Extraoral radiographs are of value in determining the
direction of dislocation of intruded primary incisors (Fig.
9.24 and Chapter 19, p. 523). Bone fractures are usually dis-

cernible on intraoral radiographs unless the fracture is con-
fined to the facial or lingual bone plate.

Dislocated tooth fragments within a lip laceration can be
demonstrated radiographically by the use of an ordinary
film placed between the dental arches and the lips. A short
exposure time (i.e. one-quarter to one-half normal exposure
time) or the use of low kilovoltage is advocated for these
exposures. At follow-up it is essential that radiogrphic con-
trols are taken at times when the chance of detecting pathol-
ogy is optimal (see Appendix 3, p. 881).

Panoramic technique

This procedure is always indicated in cases where a jaw frac-
ture is suspected or a TM-J problem is found. Sensitivity and

Fig. 9.19 Laser Doppler flowmetry
(LDF) recording from a non-vital tooth
(A) and adjacent normal (control)
tooth (B). Chart speed 600mm/min.
From GAZELIUS et al. (139) 1986.

LDF 0.4 0.5 0.3 0.4

Sens – – – –

LDF 5.5 5.0 5.3 6.5

Sens 65 69 77 42

3.0 3.1 4.0 2.5

48 61 55 38

2.2 2.5 2.2 2.3

– – – –

Fig. 9.20 Comparison of LDF and EPT. Follow-up of 4 luxated incisors at 1 and 6 weeks, 9 and 12 months. LDF represents laser Doppler flow values
and electrometric settings (EPT) (Analytic Technology® pulp tester) at which sensory responses were obtained in each tooth. Indicates absence of sensory
response at highest stimulus level. From GAZELIUS et al. (139) 1986.
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A B

Fig. 9.21 Radiographic intraoral exposures in suspected luxation injuries in the anterior region. A and B. Clinical examination reveals displacement of
a left central incisor. C. to F. The radiographic examination of the anterior region consists of one occlusal film (C) and three periapical exposures, where
the central beam is directed between the lateral and central incisors (D) and (F) and between the central incisors (E). Note that the displacement of the
left central incisor is clearly shown on the occlusal exposure (C), whereas an apical exposure (E) shows hardly any displacement.

Fig. 9.22 Radiographic examination
of infants. A special film holder is used
in combination with a standard dental
film (3.8 × 5.1cm) (Twix film holder®,
AIB Svenska Dental Instrument, Stock-
holm, Sweden). The film holder is held
between two fingers and the film
placed between the dental arches. The
mother holds the infant in position
with her left arm while steadying the
child’s head with her right hand. The
projection angle should be more verti-
cal than normal in order not to have
the index finger projected onto the
film. Note that both mother and child
are protected by lead aprons.
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specificity values of this technique have not been studied in
relation to dental trauma.

Conventional computed tomograph (CT) scanning

This is a very useful method in the diagnosis of maxillofa-
cial injuries, especially in cases of LeFort 1, 2 and 3 fractures.
However, the resolution is not optimal and radiation expo-
sure too high to make it useful for dental trauma diagno-
sis. Recently, a micro CT scanning technique has been 
introduced.

Micro CT scanning

Conventional dental and panorama images have limited
diagnostic ability due to their two-dimensional character.
Recently, a micro CT scanner has been developed and the
clinical efficacy has been evaluated in a variety of clinical 
situations (180–185) (Fig. 9.25).

55 KVP 65 KVP 75 KVP 85 KVP

Fig. 9.23 An increase in KVP slightly reduces the contrast. The right central incisor in a skull was radiographed using ranges from 55–85KVP. The infrac-
tion line in the crown which is clearly shown at 55KVP is not so prominent at 85KVP.

Fig. 9.24 Extraoral lateral projection used to determine the position of
displaced anterior teeth. The central beam is directed against the apical
area and is parallel to the occlusal plane. A 6 × 7.5cm film is held against
the cheek perpendicular to the central beam.

Fig. 9.25 Micro CT scanning equipment (J. Morita Mfg. Corp.).
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Micro CT (3DX: J. Morita Mfg. Corp.) is small in size,
which means that it can also be used in smaller offices. The
cone-shaped X-ray beam is received by a high sensitivity and
high resolution light intensifying tube (Fig. 9.25). As the
beam passes through only a very limited region of the body,
the result is a three-dimensional image with extremely high
resolution, but requiring only a very small radiation dose
(180–183) (Fig. 9.26). The tube is usually set at 12–30 µSv,
which is the equivalent of approximately 4 dental film expo-
sures or a single panorama exposure; and represents only
1/50 of the dosage for a conventional CT – and the resolu-
tion is much higher, 2 line pair/mm, minimum; which is 
8 times greater than a conventional CT (Figs 9.26 and 
9.27).

The image processing software is able to reconstruct a
three-dimensional image in only 1 or 2 minutes. The X, Y
and Z axes of the three-dimensional image can be observed
at 0.25 to 1 mm slice intervals. (Fig. 9.27)

While the 3DX has a wide range of applications, the
examples presented here have been limited to trauma cases.
In Fig. 9.28, fracture of the labial bone plate is very evident
in the micro CT scan. Fig. 9.29 shows root fractures of
two central incisors. A fracture line was observed only on 
the left incisor at the first visit using conventional radi-
ographic techniques. Four months later, a second fracture
line became obvious in the right central incisor. The micro

CT revealed very clear images of the fracture lines of both
teeth. Oblique fracture lines seem difficult to be detected
with conventional methods; but micro CT appears useful in
their detection.

Magnetic resonance scanning

Recently, magnetic resonance scanning with administration
of a contrast medium was found to be able to demonstrate
signs of revascularization of transplanted teeth earlier than
a CO2 test (186). However, the complexity of this procedure
appears prohibitive as a suitable method for monitoring the
healing status of traumatized teeth.

All radiographs should be stored carefully as they provide
a record for comparison at future controls.

Effect of treatment delay

Rather few studies have been found to have examined pos-
sible relationships between treatment delay and pulpal and
periodontal ligament healing complications. It has been
commonly accepted that all injuries should be treated 

0.125 mm

0.125 mm

Flat panel
detector (FPD)

X-ray
tube

60 mm

60 mm

40 mm

40 mm

Voxel sizeImaging area

0.125 mm

Fig. 9.26 Exposure principle for the
3DX Multi Image Micro CT (J. Morita
Mfg. Corp.). The smaller voxel size
makes it possible to create an 8 times
clearer 3-dimensional image than con-
ventional medical CT.
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on an emergency basis, for the comfort of the patient 
and also to reduce wound healing complications. For 
practical and especially economical reasons, various
approaches can be selected to fulfill such a demand, such as
acute treatment (i.e. within a few hours), subacute treatment
(i.e. within the first 24 hours) and delayed treatment
(i.e. after the first 24 hours). In a recent study, the conse-
quences of treatment delay on pulpal and periodontal
healing have been analyzed for the various dental trauma
groups (179). Applying such a treatment approach to 
the various types of injuries, the following guidelines 
can be recommended, based on our present, rather limited
knowledge of the effect of treatment delay upon wound
healing.

Crown and crown-root fractures: Subacute or delayed
approach.

Root fractures: Acute or subacute approach.

Alveolar fractures: Acute approach (evidence however
questionable).

Concussion and subluxation: Subacute approach.
Extrusion and lateral luxation: Acute approach (evidence

however questionable).
Intrusion: Subacute approach (evidence however 

questionable).
Avulsion: If the tooth is not replanted at the time of injury,

acute approach; otherwise subacute.
Primary tooth injury: Subacute approach, unless the

primary tooth is displaced into the follicle of the permanent
tooth or occlusal problems are present; in the latter
instances, an acute approach should be chosen.

These treatment guidelines are based on very limited evi-
dence from the literature and should be revised as soon as
more evidence about the effect of treatment delay becomes
available.

Y-axis images X-axis images

Z-axis images

Fig. 9.27 Principles of a Micro CT scan. Cross-section images of the cylindrical imaging area. Images of a tooth model demonstrate the 3DX’s 3-dimen-
sional feature. The imaging area is a cylinder 40mm in diameter and 30mm high. Within this area, slices at 1-mm intervals can be viewed for all three
dimensions: the X axis (right-left or buccal lingual), the Y axis (back-front or mesial-distal) and the Z axis (vertical).
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Essentials

History

• Patient’s name, age, sex, address, and telephone number
• When did the accident occur?
• Where did the accident occur?
• How did the accident occur?
• Treatment elsewhere
• History of previous dental injuries and general health
• Did the trauma cause amnesia, unconsciousness, drowsi-

ness, vomiting, or headache?
• Is there spontaneous pain from the teeth?
• Do the teeth react to thermal changes, sweet or sour 

foods?
• Are the teeth painful to touch or during eating?
• Is there any disturbance in the bite?

Clinical examination

• Recording of extraoral wounds and palpation of the facial
skeleton

• Recording of injuries to oral mucosa or gingiva
• Examination of the tooth crowns for the presence and

extent of fractures, pulp exposures, or changes in tooth
color

• Recording of displacement of teeth (i.e. intrusion, extru-
sion, lateral displacement, or avulsion)

• Abnormalities in occlusion
• Abnormal mobility of teeth or alveolar fragments
• Palpation of the alveolar process
• Reaction and sound of teeth to percussion

Reaction of teeth to sensibility tests

• Mechanical stimulation
• Heated gutta-percha (Fig. 9.10)
• Ice (Fig. 9.11)
• Ethyl chloride (Fig. 9.12)
• Carbon dioxide snow (Fig. 9.13)
• Dichlor-difluormethane
• Electric pulp testers (EPT) (Figs 9.15 and 9.16)
• Laser Doppler flowmetry (LDF) (Fig. 9.18)

A

C D E

B

Fig. 9.28 Lateral luxation. A. The buccal aspect at the first examination of a 13-year-old girl. The left central incisor has suffered a trauma. She visited
the dental office after she repositioned the tooth herself. B. The palatal aspect at the first examination. C. A conventional radiograph at the first exam-
ination shows no apparent displacement. The left central incisor shows negative EPT. D. The cross-sectioned image of the left central incisor shows a
labial bone fracture near the apex, indicating an initial diagnosis of lateral luxation.
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Radiographic examination

• Intraoral radiographs (Figs 9.21 and 9.22)
• Extraoral radiographs (Fig. 9.24)
• CT scanning
• Micro CT scanning (Fig. 9.27)
• MR scanning
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Fig. 10.1 Schematic drawings illustrating different types of crown fractures. A. Crown infraction and uncomplicated crown fracture without involvement
of dentin. B. Uncomplicated crown fracture with involvement of dentin. C. Complicated crown fracture.

Terminology, frequency and etiology

The following classification of crown fractures is based 
upon anatomic, therapeutic and prognostic considerations
(Fig. 10.1).

(1) Enamel infraction, an incomplete fracture (crack) of the
enamel without loss of tooth substance

(2) Enamel fracture, a fracture with loss of tooth substance
confined to enamel (uncomplicated crown fracture)

(3) Enamel-dentin fracture, a fracture with loss of tooth sub-
stance confined to enamel and dentin, but not involv-
ing the pulp (uncomplicated crown fracture)

(4) Enamel-dentin fracture involving the pulp (complicated
crown fracture).

In the permanent dentition, crown fractures comprise 26 to
76% of dental injuries (1–4, 111–113, 339).

The most common etiologic factors of crown and crown-
root fractures in the permanent dentition are injuries caused
by falls, contact sports, automobile accidents or foreign
bodies striking the teeth (1, 112).
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A B

Fig. 10.2 Infraction lines involving
the right central and lateral incisors.
The use of indirect illumination reveals
the infraction lines (A) although they
are barely visible by direct illumination
(B).

Enamel fractures comprise a very common occupational
hazard among glassblowers, presumably due to impact by
the blowpipe (192).

Clinical findings

Enamel infractions are very common but often overlooked.
These fractures appear as crazing within the enamel sub-
stance which do not cross the dentinoenamel junction and
may appear with or without loss of tooth substance (i.e.
uncomplicated or complicated crown fractures) (5, 6, 114,
194). Infractions are caused by direct impact to the enamel,
e.g. traffic accidents and falls, which explains their frequent
occurrence on the labial surface of upper incisors (194).
Various patterns of infraction lines can be seen depending
on the direction and location of the trauma, i.e. horizontal,
vertical or diverging. Infractions are often overlooked if
direct illumination is used, but are easily visualized when the
light beam is directed perpendicular to the long axis of the
tooth from the incisal edge (Fig. 10.2). Fiber optic light
sources are also very useful in detecting infractions. By mod-
ifying the intensity of the light beam, many infractions
become readily visible (193). Infractions are often the only
evidence of trauma, but can be associated with other types
of injury. Thus the presence of infraction lines should draw
attention to the possible presence of associated injuries,
especially to the supporting structures.

Enamel and enamel-dentin fractures without pulpal
involvement occur more often than complicated crown frac-
tures in both the permanent and primary dentitions (3, 7–9,
111, 115, 116). They are often confined to a single tooth,
usually the maxillary central incisors (7, 10, 115), especially
the mesial or distal corners (7) (Fig. 10.3). Fractures can be
horizontal, extending mesiodistally. Occasionally only the
central lobe of the incisal edge is involved (Fig. 10.4). In rare
cases, the fracture can involve the entire facial or oral enamel
surface.

Although not frequently found in combination with 
luxation injuries (195, 196), crown fractures can be seen
concomitant to subluxations, extrusions and especially
intrusions (1, 197, 198). This combination of luxation injury
and crown fracture is of prognostic importance (see later).

A very unusual finding is crown fractures of non-erupted
permanent teeth due to trauma transmitted from impact to
the primary dentition (118, 119, 336) (see p. 284).

Examination of fractured teeth should be preceded by
thorough cleansing of the injured teeth with a water spray.
This is followed by an assessment of the extent of exposed
dentin as well as a careful search for minute pulp exposures.

Dentin exposed after crown fracture usually gives rise to
symptoms such as sensitivity to thermal changes and mas-
tication, which are to some degree proportional to the area
of dentin exposed and the maturity of the tooth (199).

The layer of dentin covering the pulp may be so thin that
the outline of the pulp is seen as a pinkish tinge. In such
cases, it is important not to perforate the dentin with a
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Fig. 10.3 Central and lateral incisors
with typical uncomplicated crown frac-
tures involving the mesial corners.

Fig. 10.4 Uncomplicated crown fracture involving the central lobe of the
incisal edge.

dental probe during the search for pulp exposures. Clinical
examination should also include sensibility testing as a point
of reference for later evaluation of pulpal status (120) (see
Chapter 9, p. 255).

Complicated crown fractures usually present slight 
hemorrhage from the exposed part of the pulp (Fig. 10.5).
Proliferation of pulp tissue (i.e. pulp polyp) can occur when
treatment in young teeth is delayed for days or weeks 
(Fig. 10.6). Pulp exposure is usually followed by symptoms,
such as sensitivity to thermal changes.

Radiographic findings

The radiographic examination adds important information
to the clinical evaluation which can influence future treat-
ment, such as the size of the pulp and the stage of root devel-
opment (200–202). Moreover, the radiograph serves as a
record for comparison at later visits. This is especially true

in the verification of a hard tissue barrier over an exposed
pulp when clinical verification is not possible. However, it
should be borne in mind that a radiograph can only provide
an estimate of pulpal dimensions; and that the pulp cavity
is usually larger and the distance of pulp horns from the
incisal edge is usually smaller than that shown radiograph-
ically (200). In rare cases, displacement of primary teeth may
lead to a crown fracture of a permanent successor, a finding
which can be shown radiographically (Fig. 10.7).

Healing and pathology

Enamel infractions can be seen in ground sections, where
they appear as dark lines running parallel to the enamel 
rods and terminate at the dentinoenamel junction (11) 
(Fig. 10.8).

Enamel-dentin crown fractures expose a large number of
dentinal tubules. It has been estimated that the exposure of
1 mm2 of dentin exposes 20 000 to 45 000 dentinal tubules
(12, 121). Dentinal tubules constitute a pathway for bacte-
ria and thermal and chemical irritants which can provoke
pulpal inflammation, for which reason dentin-covering pro-
cedures described later in this chapter and in Chapter 22 are
necessary. The speed of bacterial penetration into prepared
dentin left exposed to saliva and plaque formation in vivo
was found by Lundy and Stanley (203) to be 0.03–0.36 mm
6–11 days after preparation and 0.52 mm after approxi-
mately 84 days. No studies have so far studied the progress
of bacteria after fracture exposure of dentin (205). In one
experimental study in monkeys, bacteria were formed in
dentinal tubules after 3 months in both treated (composite
and fragment bonding) and non-treated teeth. Presence of
bacteria in tubules was related to significant hard tissue for-
mation in the coronal part of the pulp (377).

These findings are supported by a recent study in
monkeys, where induced fractures were either restored with
Dycal® and resin composite or by reattachment of the crown
fragment with GLUMA® dentin bonding system. After 3
months, the general appearance was hard tissue deposition
in the coronal portion of the pulp and inflammatory 
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infiltrates were seen in only a few teeth and then as clusters
of mononuclear leukocytes. More extensively hard tissue
formation correlated with the presence of bacteria in denti-
nal tubules (337).

The ingrowth of bacteria is to a certain degree inhibited
by an outward flow of dentinal fluid within the tubules due
to a positive pulpal pressure (338, 367, 368). In contrast, bac-

terial penetration is more rapid where impeding hydrostatic
pressure from an outward pulpal fluid flow is minimal or
nonexistent, as after concomitant luxation injuries where
there is a compromised pulpal blood supply (205–210).
Experimental studies in vivo in cats have thus demonstrated
an increased fluid flow from exposed dentinal tubules with
an intact pulpal blood supply, presumably due to a chain of

Fig. 10.5 Complicated crown frac-
tures showing difference in pulp circu-
lation illustrated by differences in color
of the exposed pulp.

A B

C

Fig. 10.6 Complicated crown fractures of permanent incisors. A and B.
Small pulp exposures of central incisors. C. Pulp proliferation in a case of 
complicated crown fractures left untreated for 21 days.
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A

C

B

D

Fig. 10.8 Histologic features of a permanent central incisor showing crown infractions. A. Gross specimen. Note the point of impact (arrow) with 
irradiating infraction lines. B. Low power view of ground section through the impact area. ×8. C. Facial aspect of the crown exhibiting an infraction line.
×30. D. Higher magnification of (C) reveals that the line follows the direction of the enamel prisms. ×195.

Fig. 10.7 A primary tooth injury has
resulted in an enamel fracture of the
non-erupted, lateral incisor (arrow).
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events involved in neurogenic inflammation arising from
dentinal irritation following exposure and subsequent stim-
ulation of, e.g., the inferior alveolar nerve (206–210). This
fluid flow might mechanically inhibit bacterial ingress
through patent dentinal tubules, and also distribute anti-
bodies (205).

This increase in fluid flow after dentin exposure might
also have clinical implications with respect to moisture
control in the use of dentin bonding agents. Thus, it might
seem advisable to administer a local anesthetic prior to such
procedures to reverse dentinal fluid flow due to neurogenic
stimulation (211). However, further investigation is 
necessary to test this theory before it can be advocated 
universally.

Little information exists about pulpal changes after
enamel-dentin crown fractures. Experimental studies have
demonstrated inflammatory changes when artificially
exposed dentin was left uncovered for one week (13, 14).
However, recent research suggests that the inflammatory
changes are of a transient nature, if the pulpal vascular
supply remains intact and bacterial invasion is prevented
(212) (see later).

Histologically, exposed pulp tissue in complicated crown
fractures is quickly covered by a layer of fibrin. Eventually
the superficial part of the pulp shows capillary budding,
numerous leukocytes and proliferation of histiocytes. This
inflammation spreads apically with increasing observation
periods. However, experimental studies in permanent teeth
of monkeys have shown that the inflammatory process does
not usually penetrate more than approximately 2 mm in an
apical direction (122, 213), a finding which is of clinical sig-
nificance in treatment planning (see Chapter 22).

Complicated crown fractures which are left untreated for
longer periods of time normally show extensive prolifera-
tion of granulation tissue at the exposure site (Fig. 10.9).

However, rare cases of spontaneous closure of the perfora-
tion with hard tissue have been reported (15, 123).

Treatment

Many authors have discussed treatment principles for crown
fractures in the permanent dentition (16–59). For reviews the
reader is referred to excellent reports published by Rauchen-
berger and Hovland 1995 (339), Blatz 2001 (340) and Ols-
burgh et al. 2002 (341). Therapeutic considerations comprise
pulpal response to injury and treatment as well as the pros-
thetic considerations arising at the time of injury and final,
definitive treatment. The reader is referred to Chapter 22
regarding pulpal considerations following crown fracture;
while emphasis in the present chapter will be placed upon
emergency treatment procedures. Final restorative treatment
using composite resin will be described in Chapter 25.

Enamel infractions

While infractions in enamel, dentin and cementum in the
posterior region are often implicated in ‘the cracked tooth
syndrome’, enamel infractions in anterior teeth following
acute trauma do not appear to imply the same risk to tissue
integrity due to the fact that these infractions are usually
limited to enamel and stop at the dentinoenamel junction
(Fig. 10.8). However, due to frequently associated injuries to
periodontal structures, sensibility tests should be carried out
in order to disclose possible damage to the pulp.

As a rule, enamel infractions do not require treatment.
However, in case of multiple infraction lines, the indication
might be to seal the enamel surface with an unfilled resin
and acid etch technique, as these lines might otherwise take
up stain from tobacco, food, drinks, or other liquids (e.g. tea,
red wine, cola drinks and chlorhexidine mouthwashes).

A B

Fig. 10.9 Immediate and histologic
response to a crown fracture in a
monkey. A. The inflammation is very
superficial after 24 hours. B. After 1
week the pulp shows proliferation and
still very limited inflammation.
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Enamel and enamel-dentin crown fractures

Immediate treatment of crown fractures confined to enamel
can be limited to smoothing of sharp enamel edges to
prevent laceration of the tongue or lips. Selective reduction
can be undertaken at the same time or at a later visit with
good esthetic results, especially in imitating an accentuated
rounding of a distal corner (47, 60) (Fig. 10.10). However,
because of esthetic demands for midline symmetry, a frac-
tured mesial corner can usually not be corrected in the same
way. Selective reduction can in some cases be combined with
orthodontic extrusion of the fractured tooth in order to
restore incisal height. However, cervical symmetry must also
be considered (61, 214) (see Chapter 29).

When the shape or extent of the fracture precludes recon-
touring, a restoration is necessary.

Whatever treatment is decided, it is essential that the
crown’s anatomy and occlusion be restored immediately in
order to prevent labial protrusion of the fractured tooth,
drifting or tilting of adjacent teeth into the fracture site (6,
34, 63, 124) or over eruption of opposing incisors (60, 64)
(Fig. 10.11).

Immediate reattachment of the original fragment (see 
p. 290) or restoration with a composite resin (see Chapter
25) is normally to be preferred over a temporary crown for
several reasons. These procedures are usually esthetically
superior and are probably less traumatic to the injured tooth
than adaptation of temporary crowns. The most significant
disadvantage of temporary crowns is the potential risk of
leakage which permits access of bacteria to the exposed
dentin and thereby represents a significant threat to the
recovery of the pulp.

An isolated fracture of enamel does not appear to repre-
sent any hazard to the pulp (see p. 302). However, in crown
fractures with exposed dentin, therapeutic measures should
be directed towards dentin coverage in order to avoid bac-
terial ingress and thereby permit the pulp to recover and
elicit repair.

It was in the 1970s that the impact on pulpal healing of
bacterial invasion and colonization in the gap between the
tooth and the restorative material after exposure of dentin
was first appreciated (204, 215–240, 342, 343).

Thus, when bacteria are excluded from the tooth/restora-
tion interface experimentally by placement of a superficial
layer of zinc oxide-eugenol cement over the restorations 
or liners, healing with formation of a hard tissue bridge can
be achieved even after direct pulp capping with silicate
cement, zinc-phosphate cement, amalgam and light-cured
composite resin (236, 237, 241–244) (Fig. 10.11). It would
therefore seem that the initial cytotoxic effect of these mate-
rials placed on or near the human pulp is not greater than
that which is seen after capping with calcium hydroxide
(199).

Experimentally it has been found that in teeth with vital
pulp tissue, dentin can provide considerable resistance to

A B C

Fig. 10.10 Grinding procedure used in the treatment of an uncomplicated crown fracture confined to enamel. A. Before treatment. B. After grinding of
injured tooth. C. Grinding of the non-injured incisor in order to restore symmetry.

Fig. 10.11 Untreated crown fracture. Note drifting and tilting of adja-
cent teeth into the fracture area. Courtesy of Dr. J. J. RAVN, Department
of Pedodontics, Royal Dental College, Copenhagen, Denmark.
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bacterial invasion and that dentin which has been exposed
to the oral environment for longer periods of time appears
to be less permeable than fresh dentinal wounds (240). Fur-
thermore, bacterial irritation via an area of exposed dentin
causes limited pulpal inflammation and with little perma-
nent damage (245).

As support for these findings, long-term clinical studies
have shown very little pulpal response (e.g. pulp necrosis, or
pulp canal obliteration) to either crown fracture with or
without pulp exposure or subsequent restorative procedures
as long as there was not a concomitant periodontal injury
(233, 246–253) (see p. 302).

Treatment strategy

Survey articles (339–341) have addressed this problem and
should be consulted. In light of current knowledge con-
cerning the role of bacterial influences associated with mar-
ginal leakage, one must conclude that the primary objective
of restorative procedures following crown fractures which
expose dentin is to prevent injury to the pulp that is initi-
ated by bacteria and bacterial components in the event that
the restoration will not provide an adequate marginal seal
(250).

The use of dentin bonding agents: should
exposed dentin be lined?

Until recently, strategy for the treatment of enamel-dentin
fractures without pulp exposure has been dentin coverage
with a hard-setting calcium hydroxide containing liner.
Clinical experience, however, indicates that hard setting
calcium hydroxide cements disintegrate beneath dental
restorations with time. This finding has been confirmed
both experimentally in vitro (255, 256) and in vivo (230,
257). Moreover, cultivable and stainable bacteria have been
found within the calcium hydroxide liners used in both
exposed and pulp capped and non-exposed control teeth
and these are thus unable to provide a permanent barrier
against microleakage (230, 257). Finally, it has been found
in vitro that calcium hydroxide liners can have the same soft-
ening effect on composite resins as zinc oxide-eugenol liners
(258). The long-term benefit of their use is therefore ques-
tionable (259). While a light-cured calcium hydroxide liner
might prove more stable clinically, no long-term data exists
at present.

What appears to be critical to pulpal healing is how effec-
tively the dentin is sealed from bacterial irritants. If deeply
exposed dentin is adequately sealed, the non-exposed 
pulp will form reparative dentin even without calcium
hydroxide.

Microleakage around composite resin restorations is one
of the major causes of restoration failure (260). Microleak-
age can be counteracted in part by a strong micromechani-
cal bond arising between a composite resin and acid-etched
enamel (261–263). If dentin bonding is also employed, it has
been shown experimentally that the bonding strength of

reattached crown fragments is approximately 3 times greater
than if only acid-etched enamel is the only source of reten-
tion (264).

The goal of a dentin bonding agent is, therefore, to sup-
plement enamel acid etching by mediating a bond between
an adhesive resin and the dentin surface. This would imply
a hermetic seal against the oral flora and optimize pulpal
healing after fracture.

As the bond strength of any dentin bonding system is pro-
portional to the surface area of available unlined dentin for
bonding, it is important that any calcium hydroxide liner
does not cover more dentin than is absolutely necessary.

Research into the impact of bacteria on pulpal healing
(versus the impact of restorative material toxicity) has led to
the concept of a single-step total etch technique (i.e. simul-
taneous enamel and dentin conditioning) (265).

Such an approach greatly simplifies the bonding proce-
dures. Moreover, experimental results indicate little adverse
pulpal response (266). However, long-term clinical pulpal
response to such procedures has not yet been documented.
An important key to the success of either the total etch or
dual step approach appears to be the chemical and physico-
chemical aspects of the (dentin) bonding system employed.

Thus, it has been demonstrated that the chemical reac-
tions needed for dentin bonding require compatibility
between dentin or conditioned dentin and the adhesive resin
with respect to polarity and solubility parameters (269). For
example, to achieve minimum gap formation (270) and
maximum bond strength with the original GLUMA® dentin
bonding system (Bayer Corp., Leverkusen BRD), a neutral
dentin surface is necessary (271, 272). Simultaneous 
acid etching the dentin and enamel thus lowers the pH 
of the dentin surface and weakens bond strength (273,
274).

The above findings might imply that a calcium hydroxide
liner could be eliminated and a dentin bonding agent used
to maximize bonding area and minimize gap formation
between the tooth surface and the composite resin restora-
tion to ensure pulpal healing. However, at present, the clin-
ical durability of the bond achieved is unknown. Clinical
failure might arise due to polymerization contraction, ther-
mally induced dimensional changes or mechanical stress or
fatigue of the material used. This may imply renewed con-
tamination of the dentin surface and subsequent risk to
pulpal integrity. Until further data exists, treatment strategy
of deep dentin fractures would, therefore, imply application
of glass ionomer cement to the deepest aspect of the 
fracture and then use of a dentin bonding agent to complete
the hermetic seal against the oral environment. The advan-
tages of glass ionomer liners are many. The material does not
require etching, which simplifies application. It is
hydrophilic, which implies that it can adhere to newly
exposed dentin, with an outward flow of dentinal fluid
(342). Moreover, little microleakage is found compared to
other liners (344). Finally, there is good pulpal biocompati-
bility, which has been demonstrated in many studies
(345–348). In summary, these findings indicate that glass
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ionomer cement may be an ideal material for temporary
coverage (bandage), as a liner for deep fractures prior to
restoration with resin composite or for restoration of
crown-fractured teeth.

While the use of dentin bonding agents would immedi-
ately appear to be easier, modern restorative dentistry
involves the use of uncompromisingly demanding dental
materials. And such an approach implies great sensitivity of
technique and places responsibility upon the clinician for
meticulous tissue and moisture control and attention to
detail that is required for treatment success.

Enamel-dentin crown fractures with 
pulp exposure

The principles for the restoration of crown fractures with
pulpal involvement differ from those of uncomplicated
crown fractures only with respect to treatment of the
exposed dental pulp. This implies pulp capping, partial
pulpotomy or pulpal extirpation, which are described in
Chapter 22.

Provisional treatment of crown fractures

Uncomplicated fractures

Several approaches exist, depending on the trauma setting
(i.e. whether private practice or an emergency room) and
the need for an immediate esthetic solution. All approaches
rest on the premise of creating a hermetic seal against bac-
terial invasion into dentinal tubules.

Glass ionomer cement ‘bandage’

This is a very simple procedure, whereby light- or chemi-
cally activated glass ionomer cement is used to cover the
exposed dentin and adjacent enamel (Fig. 10.12). The
advantage of using glass ionomer instead of composite in
this situation is that no etching is required and that the rel-
atively low bond strength of glass ionomer to enamel and
dentin facilitates its removal.

Before application, the tooth surfaces are rinsed with a
water spray or saline. Increments of glass ionomer cement
can be used to build up the ‘bandage’ esthetically. This pro-
cedure is especially useful in the case of multiple fractures
and limited resources for definitive restorative procedures
(e.g. emergency room settings).

All of these findings indicate that glass ionomer may be
an ideal material for temporary coverage (bandage) or as a
liner for deep fractures before restoration with composite
restoration.

Resin or celluloid crowns

When esthetic demands are foremost, a temporary acrylic
crown should be considered. Various types of prefabricated

temporary crowns are available. Resin or celluloid 
crown forms have too little strength for this purpose and
should only be used as a mould for the crown. After place-
ment of a calcium hydroxide liner or glass ionomer over the
fracture surface, a suitable crown form is selected and con-
toured to fit the fractured tooth. A hole is made with a sharp
explorer through the mesial or distal incisal corner to permit
escape of excess crown material during placement. The fitted
form is then filled with a composite resin or resin material,
seated, and excess resin removed. When polymerized, the
crown is removed, finished and cemented (60, 186). The
crown is finished short of the gingival margin in order to
permit optimal gingival health and prevent the restorative
material from being forced into the injured periodontal 
ligament.

Splints as coverage

In case of concomitant injuries to the periodontium, dentin
and pulp protection must be incorporated into the splint. In
these instances, it is a good idea for ease of splint removal
and later restoration to cover the exposed enamel and dentin
with a calcium hydroxide liner or glass ionomer before
application of an acid-etch/resin splint. Enamel coverage
with a liner is especially important in the case of later reat-
tachment of the fractured crown fragment to ensure an
intact enamel margin to which the fragment can be bonded
(see later). In the case of profound crown fracture and
simultaneous need for splinting, a fiber-reinforced splint can
be the solution for satisfactory retention until splint removal
and final restoration (276, 277).

Definitive treatment of crown fractures

Because of the recent improvements in dental materials
available, the boundary between provisional and definitive
treatment has become less and less distinct.

Various cast semipermanent restorations (e.g. basket
crowns, gold-acrylic open-faced crowns and pinledge 
inlays) have been designed in the past to meet the esthetic
demands of a young traumatized permanent dentition until
such time as definitive treatment was considered appropri-
ate (60, 64, 70, 74–87, 99–110, 188). However, with the
advent of composite resin materials and the acid etch 
technique (129–169, 180, 181, 261–263, 278, 279), the 
indications for these restorations has been eliminated.
Moreover, in many situations, considering the life
expectancy of these new materials, other definitive treat-
ments of the past might not be necessary or might actually
be over treatment.

Definitive restoration of crown fractures presently con-
sists of composite restorations (375) (see Chapter 25, p.
716), reattachment of the original crown fragment (see
later), full crown coverage (70, 76, 80, 94, 99–110), partial
crown coverage or laminate veneers (280, 281) (see later).
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Fig. 10.12 Provisional coverage
of an enamel dentin fracture with
glass ionomer cement
A glove-covered finger can be used to
mould the palatal surface of the glass
ionomer.

Application of glass ionomer.

Moulding and curing the glass
ionomer.

The finished glass ionomer bandage.
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Reattachment of the original crown
fragment

Reattachment of the fragment provides several advantages
over other forms of dental restoration following crown frac-
ture. It results in exact restoration of crown and surface
morphology in a material that abrades at the same rate as
adjacent teeth. Chair time for the completion of the restora-
tion is minimal, normally requiring less time than that
needed for completion of a temporary restoration (Fig.
10.13).

Prior to the advent of dentin bonding agents, the only
available method of fragment reattachment was by the use
of enamel acid etching. Preparation of the tooth and avulsed
fragment included either an internal bevel of enamel on
both fracture surfaces (282) or simply hollowing out of the
dentin of the fragment fracture surface to accommodate a
thickness of hard-setting calcium hydroxide liner on the
fracture surface of the tooth. This was then followed by
enamel etching and adhesion of fragments using a creamy
mixture of unfilled and filled composite resin on both frac-
ture surfaces (282–295). Reports of these procedures have
been anecdotal and with mixed long-term success. The
concept of fragment reattachment was, therefore, re-
evaluated with the development of the new dentin bonding
agents in the mid-1980s (296–303, 350).

Reattachment of fractured enamel-dentin crown frag-
ments using the original GLUMA® dentin bonding system
was begun as a routine treatment of complicated and
uncomplicated crown fractures by the authors and co-
workers in 1984 (304, 305). As already mentioned, in vitro
studies demonstrated a three-fold increase in fracture
strength if a dentin bonding agent supplemented retention
from acid-etched enamel (264). However, the bonding
strengths achieved were only 50–60% that of intact teeth
(264).

Recently it has been shown in in vitro testings that bevel-
ing along the fracture line may increase the fracture resist-
ance (359, 360, 369).

In animal studies, the bonding system has been proved
safe for pulpal tissues as long as a 0.2 mm thickness of dentin
remained between the pulp and the bonding surface.
However, the adverse pulpal response seen after 8 days when
the remaining dentin thickness was less than 0.2 mm was not
evident at 90 days (306).

At the time the GLUMA® dentin bonding system was
introduced and crown fracture bonding initiated, it was one
of the most promising of the dentin bonding agents avail-
able. Since then, significant advances have been made in the
area of dentin bonding agents and bond strength to dentin
(307–311, 351–358, 370, 371). Fracture strengths have been
achieved, which are not significantly different from that of
intact teeth (352). However, it should be considered that
present laboratory tests cannot simulate a traumatic injury
(353). But, at least in the case of reattachment of crown frag-
ments, recent experiments have shown that successful frag-

ment bonding can be achieved irrespective of the dentin
bonding agent used as long as the manufacturer’s directions
are followed closely (264, 312).

Indications

It goes without saying that successful fragment reattachment
is dependent upon fragment retrieval at the time of injury.
As in the correct treatment of tooth avulsions, fragment
retrieval requires an informed public. In Scandinavia, public
information campaigns in the form of television spots and
posters have proved successful in informing patients of their
role in treatment success.

An intact enamel-dentin fragment is the sole indication
for reattachment. That is, the majority of the enamel margin
should be present so that the fragment can rest firmly
against the fracture surface when it is tried against the frac-
tured tooth. Small defects, however, can be restored with
composite resin at the time of or following the bonding pro-
cedure. Moreover, if the fragment is in 2 pieces, these frag-
ments can be bonded together prior to bonding the final
fragment (Fig. 10.13).

Treatment strategy

In 1994, at the time of publication of the third edition, treat-
ment strategy for fragment reattachment was defined
according to eventual pulpal involvement and thickness of
remaining dentin in the case of no pulpal involvement.
However, since then, a clinical study has been published
which indicates that enamel-dentin tooth fragments can be
reattached without a hazard to pulpal vitality at the time of
injury (362). Immediate fragment reattachment has several
advantages: short treatment time (often compared to tradi-
tional temporary/emergency measures), an immediate her-
metic seal of dentinal tubules, immediate restoration of
function and esthetics. The bonding procedure is illustrated
in Fig. 10.13.

However, there can be situations that are not conducive
to this approach, e.g. an unruly patient, where the traumatic
event should be put at a distance prior to successful 
definitive treatment or a concomitant luxation injury,
which would imply difficulties in maintaining a dry operat-
ing field.

If provisional treatment is the chosen strategy and there
is an uncomplicated crown fracture, the entire fracture
surface (enamel and dentin) can be covered with glass
ionomer cement and a provisional restoration placed for
approximately one month to permit hard tissue deposition
in the pulp horn. The use of a calcium hydroxide liner has
been found to lower the strength of future fragment
bonding and should, therefore, be avoided (355). Placement
of provisional restorations can be incorporated in the nec-
essary splints and bonding performed at the time of splint
removal. In the interim period, the crown fragment is kept
moist, e.g. in tap water or physiologic saline which is
changed weekly. If the coronal fragment has been allowed to
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Fig. 10.13 Reattaching a crown
fragment with a dentin bonding
agent and reinforcement of the
bonding site with composite resin
This 10-year-old boy has fractured his
central incisor after a fall from his
skateboard.The fracture is very close to
the mesial pulp horn.

Testing pulpal sensibility
Pulpal response to sensibility testing is
normal. The radiographic examination
shows no displacement or root 
fracture.

Testing the fit of the fragment
The fragment fits exactly. The enamel
surface is intact, with no apparent
defect at the enamel margins.

Temporary dentin coverage with
calcium hydroxide
Due to the close proximity of the frac-
ture surface to the pulp, a temporary
glass ionomer lining is placed on the
exposed dentin and enamel prior 
to placement of the temporary 
restoration.
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Bonding of the fragment after 1
month
The temporary cover is removed and
the fragment is fastened to a piece of
sticky wax for ease of handling.

Etching the enamel
A 2-mm wide zone of enamel around
the fracture surface is etched.

Covering the fracture surface
The tooth is temporarily restored with
a temporary crown and bridge mate-
rial. To provide greater stability, the
restoration may be extended to adja-
cent teeth.

Storage of the crown fragment
The tooth is stored in physiologic saline
for 1 month. The patient is given the
fragment and is instructed to change
the solution once a week to reduce
contamination.



Crown Fractures 293

Drying the fracture surfaces
The fracture surfaces are air-dried for
10 seconds. NOTE: To avoid entrap-
ment of air in the dentinal tubules and
a subsequent chalky mat discoloration
of the fragment, the air stream must be
directed parallel with the fracture
surface and not perpendicular to it.

Preparing for bonding
Pulpal sensibility is monitored and the
fracture surfaces (of the tooth and
crown fragment) are cleansed with a
pumice-water slurry and a rubber cup.

Etching enamel
Enamel on both fracture surfaces as
well as a 2-mm wide collar of enamel
cervical and incisal to the fracture are
etched for 30 seconds with 35% phos-
phoric acid being sure that the etchant
does not come in contact with dentin.

Removal of the etchant
The fracture surfaces are rinsed thor-
oughly with a copious flow of water for
20 seconds.
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Removal of surplus composite
With a straight scalpel blade or com-
posite finishing knives surplus com-
posite is removed from the fracture
site. The interproximal contacts are fin-
ished with finishing strips.

Conditioning the dentin with
EDTA and GLUMA®

The fracture surfaces are conditioned
with EDTA for 20 seconds, followed by
10 seconds water rinse and 10 seconds
air drying. Thereafter 20 seconds
GLUMA® and 10 seconds air drying.

Bonding the fragment
The fracture surfaces are covered with
a creamy mixture of a filled composite
and its unfilled resin. After reposition-
ing of the fragment, the composite is
light-polymerized.

Light polymerization
The composite is light polymerized 60
seconds facially and 60 seconds orally.



Crown Fractures 295

Final restoration
The condition 1 month after reattach-
ment of the crown fragment.

Reinforcing the labial aspect of
the fracture site
A round diamond bur is used to create
a ‘double chamfer’ margin 1mm coro-
nally and apically to the fracture line.
To achieve optimal esthetics, the
chamfer follows an undulating path
along the fracture line.

Finishing the labial surface
After restoring the labial aspect with
composite, the restoration is contoured
using abrasive discs.

Reinforcing the palatal aspect of
the fracture
The palatal aspect of the fracture is
reinforced using the same procedure.
Due to its position, esthetic considera-
tion is less. The preparation can, there-
fore, follow the fracture line exactly.
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dry out prior to bonding, the fragment will whiten; and in
vitro tests have shown a decreased bonding strength of such
a fragment (354, 356). In these cases, wet storage of at least
24 hours can normalize the situation (354).

It should be considered that the use of eugenol-
containing liners or cements is not recommended on teeth
where dentin/resin bonding is anticipated, as bonding
strength can be reduced (301) presumably due to the com-
plexing action of eugenol with calcium in sound dentin
(313). However, the deleterious effect of eugenol-containing
provisional cements on enamel bonding is presumably 
eliminated if the bonding surface is cleaned with pumice
and etched with phosphoric acid prior to restoration 
due to the mechanical nature of the bond (314). Thus, non-
eugenol cement is recommended in situations where provi-
sional therapy is indicated (e.g. crown fractures with
concomitant luxation injuries and cases of multiple dental
injuries).

Treatment strategy for crown fractures with pulpal
involvement includes pulpotomy (see Chapter 22, p. 605),
provisional restoration and a 3-month observation period
to permit formation of a hard tissue barrier at the exposure
site; or direct bonding of the fragment can be performed
after pulpotomy.

Lately, a series of new bonding procedures have been
developed and appear to yield increased bond strength
(352). The early dentin bonding agents worked on a dry
dentin surface. Drying of the etched surface apparently 
leads to collapse of the collagen meshwork, making it diffi-
cult for an adhesive primer to penetrate due to limited
porosity (364) Thus, the newer dental adhesives which bond
to a moist dentin surface have led to improved results
(363–365). Another benefit of the newer dental adhesives
and their action on moist dentin is the expanded area of
application in the treatment of fractures close to the gingi-
val crevice.

Clinical results of fragment reattachment

With respect to the long-term success of fragment reattach-
ment, factors such as pulpal response, esthetics and reten-
tion of the fragment should be considered.

Pulpal response to fragment reattachment

The reattachment of enamel-dentin crown fragments has
not been found to lead to pulpal complications in a larger
long-term study (250). The few cases of pulp necrosis and
pulp canal obliteration were all found in relation to con-
comitant luxation injuries. This low complication rate is
more likely a response to the injury itself than to the treat-
ment procedure.

Esthetics following fragment reattachment

Approximately half of the teeth bonded demonstrate accept-
able esthetics at long-term follow-up (250). Esthetic prob-
lems at the follow-up controls include discoloration or
degradation of the composite bonding material at the frac-
ture line (Fig. 10.14) or discoloration of the incisal fragment
with time. The problem of discoloration of the fracture line
is most pronounced in earlier cases of bonding, due to dis-
coloration of the catalyst system of the chemically-cured
resins used. This problem has been solved in part by the use
of light-cured composite materials. Esthetics have also been
enhanced by the use of a double chamfer preparation along
the fracture line after fragment bonding and restoration
with a composite resin (see Fig. 10.13).

The problem of fragment discoloration, usually to a 
mat white color, is presumably due to dehydration of the
underlying dentin (250). This is more difficult to manage
clinically, as direct composite facings tend not to mask 
the color disharmony between the tooth and bonded 
fragment.

Fragment retention

Results from a Scandinavian study indicate that 60% of the
bonded fragments were lost after 5 years due primarily to a
new trauma or nonphysiological use of the restored teeth
(252) (Fig. 10.15). Fragment debonding occurred irrespec-
tive of the use of enamel acid etch alone or supplemented
with GLUMA dentin bonding agent; also irrespective of the
use of composite resin along the fracture line for esthetic
revision and reinforcement of the restoration. While frag-
ment debonding represents a practical inconvenience, it has

Fig. 10.14 Esthetic problems follow-
ing crown fragment reattachment due
to discoloration of the composite
bonding material at the fracture line.
Left: appearance at the time of frag-
ment bonding of the maxillary left
central incisor. Right: appearance one
year later. There is discoloration of the
bonding material.
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Fig. 10.15 Survival of fragment
bonding. From ANDREASEN et al. (252)
1995.

no impact on pulpal vitality since debonding occurs as a
cohesive failure within the bonding resin and not in dentin.
Thus, the fracture surfaces of teeth with debonded frag-
ments are glossy from retained resin plugs within the treated
dentin. For this reason, the dentin must be freed of bonded
resin, e.g. with a slurry of pure pumice and water, prior to
rebonding of fragments.

It would seem that at present reattachment of the origi-
nal incisal fragment can only be considered as an acceptable
semi-permanent anterior restoration whereby gross and
surface anatomy are restored perfectly with a material that
abrades at a rate identical to adjacent teeth and which does
not threaten pulpal vitality (305, 315, 316). Development of
new dentin bonding systems and/or resins might provide
improved fragment retention.

Fragment reattachment or restoration with a composite
build-up is a realistic treatment alternative in the young
(preteen and teenage) patient groups. These treatments
serve to postpone the time of definitive treatment until an
age when the gingival marginal contours are relatively stable
(i.e. 20 years of age).

Finally, it should be mentioned that laminate veneers
under laboratory conditions can restore or even increase the
strength of a fractured incisor treated by reattachment of the
original fragment to attain the strength of an intact tooth
(see later) (280, 281) (Figs 10.16 and 10.17).

Laminate veneers in the treatment of
crown fractures

Indications

Clinical experience seems to indicate expanded areas of
application for ceramic veneering (Fig. 10.16). Ceramic
veneers can be used with advantage in the treatment of trau-

matic dental injuries in cases of acquired discoloration (pulp
necrosis and pulp canal obliteration), crown fractures and
crown defects due to developmental disturbances, as well as
restoration of autotransplanted premolars to the anterior
region due to anterior tooth loss (see Chapter 27). Further-
more, veneers can be used as an important supplement in
the treatment of crown fractures following reattachment of
the enamel-dentin fragment. Thus, recent experimental
studies demonstrated that fracture strength of fractured
incisors with bonded fragments can be increased from half,
to equal to or sometimes exceeding the fracture strength of
intact teeth if restored with porcelain or cast ceramic veneers
respectively, as long as the preparation was limited to enamel
(281) (see later). Moreover, the fracture strength of a frac-
tured incisor restored in vitro with a cast ceramic veneer
alone (i.e. no preliminary composite build-up or fragment
reattachment) is on average more than 1.5 times greater than
intact control teeth (281). These experimental studies indi-
cate that a conservative treatment approach (i.e. versus full
crown coverage) might be justified in restoring esthetics and
function to the traumatized anterior dentition and at the
same time preserve tooth substance, maintain occlusal rela-
tionships and maintain pulpal vitality.

Because of optical properties which are similar to enamel,
ceramic veneers have the advantage over direct composite
veneering of consistently good esthetic results. Moreover,
there is good marginal adaptation, minimal plaque reten-
tion, long-term stability with respect to color and anatomy,
inherent strength of veneering material and reasonably
limited chair time to complete treatment in comparison to
direct composite veneering (318–320). Fabrication of
ceramic veneers, however, is a technically demanding 
procedure. There must be a high level of cooperation and
communication between patient, dentist and laboratory
technician if the patient’s subjective and objective functional
and esthetic needs are to be fulfilled (321).
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Initial enamel reduction
The incisor is isolated with a dead soft
metal matrix strip and the triple cutting
diamond is used for initial depth cuts
of 0.5mm facially.

Fig. 10.16 Use of veneer to
improve esthetics after fragment
reattachment
Clinical appearance after fragment
reattachment following a complicated
crown fracture in a 9-year-old girl. Six
years after treatment, there is discol-
oration of the composite bonding
resin.

Preparation of tooth
Gingival retraction cord is used to
permit a slightly subgingival placement
of margins to ensure optimal esthetics.
Mounted diamonds used for enamel
reduction.

Final enamel reduction
To ensure uniform enamel reduction,
the tapered diamond is used to reduce
only one-half of the facial surface at a
time. Approximately 1mm is removed
incisally to permit optimal porcelain
translucency in this region. Finishing
lines are enhanced using a round
diamond, which also permits addi-
tional veneer bulk at the margins.
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Contraindications

In cases of malposed teeth, where a direct access line of inser-
tion cannot be secured, veneering is not recommended (322,
323). Moreover, ceramic veneers are contraindicated in
patients who are bruxers or with parafunctional activity or
habits (e.g. nail biters, pipe smokers) (317, 324, 325).
Ceramic veneers are fragile and the shearing stresses elicited
by such habits may be too great for the veneer to withstand.
Moreover, they are contraindicated in teeth that are com-
posed predominantly of dentin and cementum (317, 322).
This is due to compromised bonding to dentin with the
presently available dentin bonding agents. Finally, teeth
showing grey discoloration are very difficult to mask, and the
success of ceramic veneers in these cases can be limited (325).

While some reports seem to indicate acceptable success as
long as the bulk of the preparation and margins remain in
enamel under experimental conditions (317, 322, 326),
preparation into dentin has shown reduced strength (281).
Furthermore greater microleakage was recorded at the cer-
vical dentin/composite resin interface than at the cervical
enamel/composite interface of bonded ceramic veneers
(327).

There has been some debate concerning whether or not
cervical enamel should be reduced prior to the taking of
impressions (328–332). It would seem that at least gingival
health is improved if enamel is reduced in order to dimin-
ish the risk of over contouring of the restoration as well as
to provide a well-defined finishing line for the fabrication of

the restoration. The resultant accuracy of fit, especially with
castable ceramics (333), reduces the need for marginal fin-
ishing at the time of cementation and thereby produces a
smooth surface which is less plaque-retentive.

Patient selection: treatment problems to 
be solved

As many crown fractures occur in the younger age groups,
the question arises as to when to provide ceramic veneering
as a treatment option. The porcelain veneer has been con-
sidered a useful cosmetic procedure for correction of minor
functional problems in the young dentition (e.g. rotated or
lingually inclined incisors, spacing and defects in mineral-
ization) (321).

If it is decided to build the incisor up in a composite resin
prior to veneering (e.g. to achieve uniform ceramic thick-
ness in the final restoration), at least 2 weeks should elapse
prior to taking impressions for the veneer to allow for
dimensional stability of the composite (334).

In the patient illustrated in Fig 10.17, the fractured crown
fragments were bonded and the tooth thereafter veneered.
However, experimental results might justify a more direct
treatment approach in adult patients (281).

Some situations require earlier definitive treatment. This
can be in the situation of congenital enamel malformations
where due to their superior esthetic properties and very low
plaque retention ceramic veneers can be a realistic treatment
option.

Final restoration
Dicor veneer cemented using a light-
activated dual cement (Dicor LAC®)
(Technique: Flügge’s Dental Labora-
tory, Copenhagen). Radiographic con-
dition 6 years after injury. Pulp vitality
has been maintained.

Completed preparation
Note uniform tissue reduction follow-
ing the curve of the tooth. A second
cord is placed to ensure adequate
tissue retraction, which is removed
immediately prior to impression taking,
while the first cord is removed once a
satisfactory impression has been
obtained.
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Finished restoration
The veneer in place after cementation.
Note the facial ‘discoloration’ incorpo-
rated into the surface to mimic tobacco
stain, as well as the hypoplastic striae,
similar to those seen on the surface of
the right central incisor. Note gingival
health and harmony of the restoration
within the dental arch at the one-year
follow-up. (Technique: Flügge’s Dental
Laboratory, Copenhagen).

Fig. 10.17 Improved esthetics
achieved by ceramic veneering
after fragment reattachment
Clinical and radiographic condition one
year after fragment following an
uncomplicated enamel-dentin fracture
in a 25-year-old man. Note color
harmony between tooth and fragment.
Because of porcelain’s very low affinity
for stain and plaque accumulation, it is
necessary to determine shade prior to
stain removal, otherwise there is a
serious risk that the veneer will always
be too light in relation to adjacent
teeth.

Veneer preparation
There is uniform enamel reduction
mesiodistally following the curve of the
facial surface and the proximal con-
tacts.

Fig. 10.18 Survival of laminate veneers. From KREULEN et al. (366) 1998.
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In the case of severe trauma leading to anterior tooth loss,
autotransplantation can be a treatment solution. Such teeth
can also be restored with veneers (see Chapter 27).

Clinical evaluation of porcelain veneers has shown very
promising results with respect to longevity of restorations,
fractures, and secondary caries (322, 325, 329, 331, 332, 335).
Thus a meta-analysis of 1552 porcelain veneer restorations
derived from 9 studies showed a 92% survival after 3 years
(366) (Fig. 10.18).

Prognosis of crown fractures

Pulp survival

Pulpal sensibility reactions in crown fractured teeth are
often lowered immediately after injury (7, 72, 187, 195).

Usually 1 to 8 weeks can elapse before a normal pulpal
response can be elicited. However, longer observation
periods can be required. Pulp testing can usually be carried
out during this observation period without removing the
temporary restoration (see Chapter 9, p. 265). In the fol-
lowing the risk of pulp necrosis is presented for the various
types of fracture. It appears that the most important factor
is an associated luxation injury (Figs 10.19, 10.20).

Enamel infractions

The prognosis of isolated infractions with respect to risk of
pulp necrosis appears to be very good (Table 10.1). Thus,
three studies have shown risks between 0 and 3.5%, which
is about the same as for ‘non-injured control teeth’ (193,
195–197); which implies that the few cases with pulp necro-

Fig. 10.19 Pulp survival following
crown fracture in the permanent den-
tition with immature root formation
(open apices) in relation to con-
comitant luxation injuries. From
ANDREASEN & ANDREASEN (376)
2006.

Fig. 10.20 Pulp survival following
crown fracture in the permanent den-
tition with mature root formation
(closed apices) in relation to concomi-
tant luxation injuries. From
ANDREASEN & ANDREASEN (376)
2006.
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sis possibly reflect overlooked concussion or subluxation
injuries.

Enamel fractures

In two sets of studies, the risk of pulp necrosis was found to
range from 0.2 to 1.0% (Table 10.2, Figs 10.19, 10.20). Using
the above-mentioned rationale, these figures would imply
virtually no risk to the pulp.

Enamel-dentin fractures without 
pulpal involvement

The overall risk of pulp necrosis irrespective of the extent of
fracture and type of treatment ranges from 1 to 6% (Table
10.3, Figs 10.19, 10.20). In this regard, it should be noted
that factors, such as associated luxation injuries, stage of
root development, type of treatment and extent of fracture
exert significant influence upon the risk of pulp necrosis. A
detailed study on the combined effects of these factors has
been reported by Ravn (196).

With respect to the effect of stage of root development on
the risk of pulp necrosis after uncomplicated crown fracture

with or without concomitant luxation injury, it has been
found that teeth with constricted apices have a significantly
greater risk of pulp necrosis than do teeth with open apices
(316, 373, 376). Furthermore that the extent of periodontal
ligament injury as revealed by the luxation diagnosis is sig-
nificantly related to pulp survival after injury (373) (Table
10.4 and Figs 10.19 and 10.20).

Another factor to be considered is the extent and location
of the fracture. Thus, horizontal and proximal superficial
(corner) fractures demonstrate a very low frequency of pulp
necrosis; whereas deep proximal fractures show increased
risk (Table 10.5).

Only a single study has examined the effect of treatment
(i.e. untreated versus treated crown fractures). A treatment
effect was only in operation for deep proximal fractures
(Table 10.6). In this connection, no treatment was found to
be associated with 54% pulp necrosis; whereas dentin cover-
age resulted in a decrease to 8% (196).

The effect of time interval between injury and dentin cov-
erage and subsequent risk of pulp necrosis has yet to be
examined (374). A certain relationship has been claimed in
one study but associated luxation injuries were not moni-
tored (196).

In Fig. 10.21 the predictors for pulp necrosis are shown.

Table 10.3 Prevalence of pulp necrosis after crown fracture with exposed
dentin.

Examiner No. of Pulp necrosis
teeth

Stålhane & Hedegård (116) 1975 413 3 (1%)
Zadik et al. (120) 1979 123 7 (6%)
Ravn (196) 1981 3144 250 (6%)
Robertson (372) 1998 60 2 (2%)
Robertson et al. (373) 2000 106 0 (0%)

Table 10.4 Relation between associated luxation injuries to enamel-
dentin fractures upon frequency pulp necrosis. After RAVN (196) 1981.

No. of Pulp necrosis
teeth

Enamel-dentin fracture 3144 100 (3%)
Enamel-dentin fracture + concussion 327 19 (6%)
Enamel-dentin fracture + subluxation 423 106 (25%)

Table 10.5 Relation between extent of enamel-dentin fracture upon pulp
necrosis. After RAVN (196) 1981.

No. of No. with 
teeth pulp necrosis

Small mesial fracture 1034 26 (0.2%)
Comprehensive mesial fracture 435 30 (7%)
Fracture involving the entire 1019 38 (0.4%)

incisal edge

Table 10.6 Relation between treatment upon frequency of pulp necro-
sis in teeth with extensive mesial or distal enamel-dentin fractures. After
RAVN (196) 1981.

No. of No. with 
teeth pulp necrosis

No treatment 24 13 (54%)
Dentin coverage 620 30 (8%)

Table 10.2 Prevalence of pulp necrosis after enamel fracture.

Examiner No. of Pulp necrosis
teeth

Fialova & Jurecek (62) 1968 31 0 (0%)
Stålhane & Hedegård (116) 1975 876 2 (0.2%)
Ravn (195) 1981 2862 29 (1%)
Robertson (372) 1998 46 0 (0%)

Table 10.1 Prevalence of pulp necrosis after crown infraction.

Examiner No. of Pulp necrosis
teeth

Stålhane & Hedegård (116) 1975 656 23 (3.5%)
Ravn (194) 1981 174 0 (0%)
Robertson (372) 1998 16 0 (0%)
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Pulp canal obliteration

In one study, pulp canal obliteration (PCO) was analyzed
subsequent to crown fractures without associated luxation
injury (116) (Table 10.7). The paucity of PCO cases possibly
implies non-diagnosed luxation injuries. It seems safe to
assume that a crown fracture per se does not elicit PCO.

Root resorption

In one study, where only crown fractures without associated
luxation injuries were examined, root resorption was a rare
finding (116) (Table 10.7). Thus, like pulp canal obliteration,
root resorption is probably not related to crown fractures
per se.

Reattachment of the crown fragment

With respect to pulp survival, fragment retention and
esthetics, preliminary findings from a long-term clinical
study indicate the following (251, 252).

Pulp survival

Pulp survival without radiographic change was the pre-
dominant finding, whereby only 1 out of 198 bonded inci-
sors (0.5%) developed pulp necrosis and 4 developed pulp
canal obliteration (2%). All 5 teeth had suffered concomi-
tant luxation injuries (251, 252).

Essentials

Terminology (Fig. 10.1)

• Enamel infraction
• Enamel fracture
• Enamel-dentin fracture
• Enamel-dentin fracture with pulp exposure

Frequency

Permanent dentition: 26–76% of dental injuries

Etiology

• Usually falls with direct impact on the crown

History

• Symptoms

Clinical examination

• Extent of fracture
• Pulp exposure

Fig. 10.21 Predictors for pulp 
necrosis after crown fracture. RAVN
(194–196) 1981.

Table 10.7 Prevalence of pulp canal obliteration and root resorption
after crown fracture. After STÅLHANE & HEDEGÅRD (116) 1975.

No. of No. with No. with 
teeth pulp canal external root

obliteration resorption

Enamel infraction 174 0 (0%) 0 (0%)
Enamel fracture 876 4 (0.5%) 2 (0.2%)
Enamel and dentin 413 2 0.5% 1 (0.2%)

fracture
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• Dislocation of tooth
• Reaction to sensibility tests

Radiographic examination

• Size of pulp cavity
• Stage of root development
• Concomitant root fracture or luxation

Pathology

• If the pulp is exposed, pulp inflammation normally con-
fined close to the exposure site

Enamel infraction

Treatment

• Pulpal sensibility control after 6 to 8 weeks
• Eventual sealing of infraction lines with resin

Prognosis
• Pulp necrosis (0 to 3.5%)

Enamel fracture (no dentin exposed)

Treatment

• Removal of sharp enamel edges
• Corrective grinding (Fig. 10.10) or restoration with a com-

posite resin
• Radiographic and sensibility controls

Prognosis
• Pulp necrosis (0 to 1.0%)

Enamel-dentin fracture, no pulp exposure

Immediate (provisional) treatment (Fig. 10.12)

• Place glass ionomer cement over the exposed dentin and
enamel to permit optimal bonding of the restorative mate-
rial at the time of definitive therapy (Fig. 10.12).

• Alternatively adapt a temporary crown (e.g. acrylic
crown). Crown cemented with a non-eugenol containing
luting agent.

• Check the occlusion.
• Control the tooth radiographically and with sensibility

tests after 6 to 8 weeks.

Permanent treatment

• Reattachment of the crown fragment (Fig. 10.13)
• Restoration with laminate veneer (Fig. 10.17)
• Restoration with composite resin (see Chapter 25)
• Restoration with full crown coverage

Prognosis
• Pulp necrosis (0–6%)

Enamel-dentin fracture with pulp exposure

Immediate treatment

• Exposed pulp tissue is treated by pulp capping, pulpotomy
or pulpectomy (see Chapters 22 and 23).
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Terminology, frequency and etiology

A crown-root fracture is defined as a fracture involving
enamel, dentin, and cementum. The fractures may be
grouped according to pulpal involvement into uncompli-
cated and complicated.

In some studies this type of injury is not recognized as a
special entity and is, therefore, classified as either a crown or
a root fracture. In the authors’ material, however, crown-
root fractures comprised 5% of injuries affecting the per-
manent dentition and 2% in the primary dentition (1).

The most common etiologic factors are injuries caused by
falls, bicycle and auto mobile accidents and foreign bodies
striking the teeth (1).

Crown-root fractures in the anterior region are usually
caused by direct trauma (see Chapter 8, p. 236). The direction
of the impacting force determines the type of fracture. A
frontal blow results in the typical fracture line shown in Fig.
11.1. In the posterior regions, fractures of the buccal or oral
cusps of premolars and molars may occur (2, 21). These frac-
tures extend below the gingival attachment, often without

pulp exposure (uncomplicated) (Fig. 11.2). The causes of
such injuries are often indirect trauma (see Chapter 8, p. 240).

Although not caused by accident trauma, for the sake of
completeness, it should be mentioned that crown-root frac-
tures can also have an iatrogenic etiology, such as longitu-
dinal crown-root fractures, especially in the premolar and
molar regions, caused by lateral pressure during root filling
procedures, cementation of posts, corrosion of posts or
improperly designed restorations (22–33). The clinical and
radiographic signs of these fractures have been previously
described (54).

Clinical findings

Most commonly, the fracture line begins a few millimeters
incisal to the marginal gingiva facially and follows an
oblique course below the gingival crevice orally. The frag-
ments are usually only slightly displaced, the coronal frag-
ment being kept in position by fibers of the periodontal
ligament orally and/or the dental pulp (Fig. 11.3).

11
Crown-Root Fractures
J. O. Andreasen, F. M. Andreasen & M. Tsukiboshi

314

A B

Fig. 11.1 Complicated crown-root
fracture of a right central incisor due to
direct trauma. A. Clinical condition.
B. Lateral view of crown portion after
removal. Note extension below gingi-
val crevice palatally.
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Fig. 11.2 Uncomplicated crown-root
fractures involving palatal cusps in the
maxilla and buccal cusps in the
mandible (arrows) due to forceful
occlusion from a blow to the chin. Note
that the fractures of the lingual cusps
in the maxilla correspond to the 
fractures of the buccal cusps in the
mandible.

A B

Fig. 11.3 Complicated crown-root
fractures of right first and second 
premolars (arrow) following indirect
trauma (blow to the chin). A. Minimal
displacement of fragments in the first
premolar. B. Lateral view of the
extracted tooth.

Displacement of the coronal fragment is often minimal,
which explains why these fractures are frequently over-
looked, particularly in the posterior regions (Fig. 11.3).

In rare cases, a crown-root fracture may occur prior to
eruption of the permanent tooth due to a trauma transmit-
ted by displacement of a primary incisor (55).

The fracture line is usually single, but multiple fractures
can occasionally be seen (Fig. 11.4A). A rare type of injury
is a vertical fracture running along the long axis of the tooth
(34) (Fig. 11.4B), or deviating in a mesial or distal 
direction.

Crown-root fractures of anterior teeth often expose the
pulp in fully erupted teeth, while fractures of teeth in earlier
stages of eruption can be uncomplicated.

Even with pulp exposure, symptoms are normally few,
and are usually limited to slight pain due to mobility of the
crown fragment during function.

Radiographic findings

Radiographic examination of crown-root fractures 
following the usual course seldom contributes to the clini-
cal diagnosis, as the oblique fracture line is almost perpen-
dicular to the central beam (Fig. 11.5). Radiographic
determination of the oral limit of the fracture is frequently
unsuccessful due to the close proximity of fragments at 
this level. On the other hand, the facial limit is always visible
(Fig. 11.6).

Vertical fractures are easily demonstrated if oriented in a
facio-oral direction. This also applies to superficial vertical
fractures deviating in a mesial or distal direction (chisel frac-
tures) (Fig. 11.7). However, vertical root fractures running
in a mesio-distal direction can seldom be seen radiograph-
ically (see Fig. 11.10).
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A B

Fig. 11.4 A. Multiple complicated
crown-root fractures of left central
incisor. B. Complicated crown-root
fracture of a right central incisor
running along the long axis of the
tooth.

A B

Fig. 11.5 Schematic drawings of radi-
ographic orientation in a complicated
crown-root fracture. A. The normal pro-
jection angle is almost perpendicular
to the fracture surface. B. Radiographic
determination of the lingual part of the
fracture is obscured due to the per-
pendicular relationship between frac-
ture line and central X-ray beam.

A B

Fig. 11.6 A. Crown-root fractures
involving both central incisors. B. In
contrast to the lingual aspect of the
fractures, the facial aspect is clearly
visible.
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A B

Fig. 11.7 Radiographic demonstration
of longitudinal crown-root fractures. A.
Vertical complicated longitudinal
crown-root fracture affecting a right
central incisor. B. Uncomplicated crown-
root fracture located in the mesial part
of a right central incisor (chisel fracture).

A

C

B

D

Fig. 11.8 Early histologic reac-
tions following complicated crown-
root fracture of a left central incisor.
A. Clinical condition. The tooth was
extracted 4 days after injury. B. Low
power view of sectioned incisor.
Interruption of the pulp tissue at
the fracture site is an artifact. ×3.
C. A marked acute inflammation is
present close to the fracture site,
while only slight inflammation is
found more apically. ×75. D. Incom-
plete fracture extending halfway
through the dentin. ×20.
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A B C

Fig. 11.9 Late histologic reactions following uncomplicated crown-root fracture of a right central incisor. The tooth was left untreated and extracted 3
weeks after injury. A. Low power view of sectioned incisor. ×3. B. Proliferation of connective tissue into the fracture line. ×75. C. Marked inflammation
in the coronal part of the pulp. ×30.

Healing and pathology

Communication with the oral cavity to the pulp and peri-
odontal ligament in these fractures permits bacterial inva-
sion and subsequent inflammation (3–5). For this reason
fracture healing cannot be expected in crown-root fractures,
in contrast to root fractures where the fracture is located
entirely within the alvelous.

Early histological changes consist of acute pulpal inflam-
mation located close to the fracture caused by invasion of
bacteria (56) (Fig. 11.8). Later, proliferation of marginal gin-
gival epithelium into the pulpal chamber can be seen (Figs
11.9 and 11.10). Repair of the fracture by deposition of
osteodentin along the fracture line is exceptionally rare
(5–7) (Fig. 11.11) and should not govern a treatment deci-
sion. Instead the coronal fragment is usually removed and
the treatment should be focused on the possibility of using
the remaining fragment.

Treatment

In the emergency treatment of crown-root fractures in the
anterior region it is possible to stabilize of the coronal frag-
ment with an acid etch/resin splint to adjacent teeth (Fig.
11.12) as a temporary measure. Despite contamination from
saliva along the fracture line to the pulp, the tooth will gen-
erally remain without symptoms. However, it is essential
that definitive treatment is initiated within a few days after
injury. In case of multiple uncomplicated crown-root frac-
tures in the premolar and molar region, immediate provi-
sional treatment can include removal of loose fragments and
coverage of exposed supragingival dentin with a glass

ionomer cement.
Vertical crown-root fractures must generally be extracted.

However, it should be mentioned that cases have been
reported where bonding of the coronal fragment has led to
consolidation of the intraalveolar part of the fracture (58,
59). The tissue involved in this type of healing has not yet
been established.

Finally, it should be mentioned that in the case of verti-
cal fractures of immature permanent incisors, the fractures
are usually incomplete, stopping at or slightly apical to the
level of the alveolar crest. These fractures are amenable to
orthodontic extrusion, whereby the level of the fracture is
brought to a level where pulp capping and restoration are
possible (see Chapter 24, p. 684).

Definitive conservative therapy in the permanent dentition
comprises one of four treatment alternatives. The choice is
primarily determined by exact information on the site and
type of fracture, but cost and complexity of treatment can
also be deciding factors (Table 11.1). In the following, con-
servative treatment of various types of crown-root fractures
will be described.

Removal of coronal fragment and 
supragingival restoration

Treatment principle

This is to allow gingival healing (presumably with formation
of a long junctional epithelium), whereafter the coronal
portion can be restored (Fig. 11.13). With respect to restora-
tion, the following procedures can be used: bonding the
original tooth fragment, where the subgingival portion 
of the fragment has been removed, composite build-up
using dentin and enamel bonding agents; or full crown 
coverage.
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Fig. 11.10 Late histologic reac-
tions following complicated crown-
root fracture of a left central incisor.
The tooth was traumatized 2
months earlier. A. Radiograph
taken at the time of extraction. The
fracture line is not seen on the radi-
ograph due its mesio-distal orien-
tation. B. Lingual fragment. C. Low
power view of sectioned tooth. ×8.
D. Apex of the root is fractured and
forced into the pulp. Note pulpal
repair with new dentin. ×75. E.
Deposition of cellular dentin ×75.
F. Inflammatory changes in the
coronal part of the pulp. ×75. G.
Proliferation from the cuff epithe-
lium. ×30. From NEIMANN-
SØRENSEN & PINDBORG (4) 1955.

A B C

Fig. 11.11 Healing of a crown-root fracture with calcified tissue. A. Radiograph of a right second molar taken 10 months after crown-root fracture. The
tooth was immobilized after the injury. Fourteen months after injury, the tooth was extracted for prosthetic reasons. B and C. Note that the fracture com-
municating with the oral cavity is united by new dentin with vascular inclusions. C ×30. From LOSEE (7) 1948.



Fig. 11.12 Emergency treatment of a
crown-root fracture of a right central
incisor. The coronal fragment was sta-
bilized using an acid-etch/resin splint.

Table 11.1 Comparison between various treatment modalities of crown-root fractures.

Procedure Indications Advantages Disadvantages

Fragment removal only Superficial fractures Easy to perform. Definitive Long-term prognosis has not been
(chisel fractures). restoration can be completed established.

soon after injury.

Fractures where denudation Fragment removal and Relatively easy procedure. The restored tooth may migrate 
of the fracture site does gingivectomy Restoration can be completed labially due to accumulation of
not compromise esthetics (sometimes ostectomy). soon after injury. granulation tissue in the deep palatal
(i.e. fractures with pocket (45).
palatal extension)

Orthodontic extrusion of All types of fractures, Stable position of the restored Technically time consuming procedure,
apical fragment assuming that tooth. Optimal gingival health. with late completion of final

reasonable root length Can be performed in treatment.*
can be achieved. complicated crown-root 

fractures.

Surgical extrusion of apical All types of fractures Rapid procedure. Stable position Limited risk of the root resorption and
fragment (except uncomplicated of the tooth. The method marginal breakdown of

crown-root fractures allows inspection of the root periodontium. Cannot be
where vitality should be for additional fractures. performed in uncomplicated crown-
preserved) assuming root fractures where vitality should 
that reasonable root be preserved.
length can be achieved.

* Note: Cervical gingival fibers must be incised once tooth is at desired position to prevent return of tooth to original position.

Fig. 11.13 Removal of the coronal fragment and supragingival restoration.



Crown-Root Fractures 321

Pulpal considerations are identical to those that apply to
treatment of crown fractures (see Chapter 10).

Indication

This procedure should be limited to superficial fractures that
do not involve the pulp (i.e. chisel fractures).

Treatment procedure

The loose fragment is removed as soon as possible after
injury. Rough edges along the fracture surface below the
gingiva may be smoothed with a chisel. The remaining

crown is temporarily restored supragingivally (Fig. 11.14).
Optimal oral hygiene should be maintained during the
healing period (e.g. daily chlorhexidine rinsing). Once gin-
gival healing is seen (after 2–3 weeks), the crown can be
restored with a dentin and enamel-bonded composite.

Reattachment of an incisal fragment of a crown-root frac-
tured tooth basically follows the same principles as reat-
tachment of the incisal fragment of a crown-fractured
incisor (see Chapter 10). However, due to the subgingival
placement of the fracture margin palatally, certain prelimi-
nary steps must be followed (Fig. 11.15). The subgingival
aspect of the incisal fragment should be reduced to a sharp,
smooth margin ending at the free gingival margin and then
bonded to the remaining tooth (Fig. 11.15).

Fig. 11.14 Removal of the
coronal fragment and supragingi-
val restoration
This 16-year-old girl has suffered a
crown-root fracture which has exposed
the palatal root surface. The clinical
condition is shown after fragment
removal.

Condition 1 week later
(Left) The palatal fragment has been
removed and the exposed root dentin
smoothed with a chisel; the exposed
dentin covered with calcium hydroxide
and a temporary crown. Two weeks
later (right) creeping reattachment is
seen and the palatal of the crown
restored with a dentin-bonded com-
posite resin restoration.

Follow-up
Clinical and radiographic condition 4
years after treatment. (Courtesy of 
Dr. B. MALMGREN Eastman Institute,
Stockholm, Sweden).
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Cost–benefit

While the pulp has been shown to respond well to this form
of conservative treatment, the immediate shortcoming is
frequent re-fracture of the reattached fragment or loss of the
composite resin build-up due to the steep, non-retentive
inclination of the fracture surface. Thus, these treatments
probably can best be described as temporary until definitive
treatment can be provided.

Surgical exposure of fracture surface

Treatment principle

This is to convert the subgingival fracture to a supragingi-
val fracture with the help of gingivectomy and osteotomy
(8–11, 37–42, 57) (Fig. 11.16).

Indication

This should only be used where the surgical technique 
does not compromise the esthetic result, i.e. only the 
palatal aspect of the fracture must be exposed by this 
procedure.

Treatment procedure

After administration of a local anesthetic, the coronal frag-
ment is removed and the fracture surface carefully exam-

ined. It is important to remember that most crown-root
fractures contain a lingual step (Fig. 11.16). In some cases,
this step is a part of an incomplete or complete fracture
extending more apically (Fig. 11.8). It is therefore essential
to determine whether the lingual step in the root is part of
a secondary fracture. This can be done during the gingivec-
tomy by placing a sharp explorer or similar instrument at
the base of the step and, with a gentle palatal movement,
check whether abnormal mobility can be detected. Axial
fracture lines running from the pulp chamber to the root
surface should also be carefully explored. If these fractures
are overlooked, an inflammatory reaction in the periodon-
tium will develop after completion of the restoration (43,
45). The use of a conventional cast core and separate crown
instead of a single unit restoration has the advantage that
future changes in the position of the gingiva and subsequent
loss of esthetics can easily be corrected.

Cost–benefit

Treatment time is short. The long-term prognosis of these
restorations has been evaluated and the following results
obtained (45). After gingivectomy, and despite good mar-
ginal adaptation, re-growth of the gingiva often takes place,
leading to development of a pathologic pocket palatally and
inflammation of the surrounding gingiva. After some years,
this can result in labial migration of the restored teeth.
Migration has been found to be approximately 0.8 mm over
a 5-year period (45) (Fig. 11.17).

Fig. 11.15 Fragment bonding
The subgingival part of the fragment is
reduced with diamonds and aluminum
oxide discs.As the facio-oral dimension
of the fracture surface exceeded 5mm,
thereby exceeding the maximum depth
of light penetration by a curing lamp
(2.5mm from each direction), a self-
curing composite resin is chosen.

Condition after fragment
bonding
Treatment resulted in complete
restoration of coronal dental anatomy.
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Fig. 11.16 Removal of the coronal
fragment and surgical exposure of
the fracture
Clinical and radiographic appearance
of a complicated crown-root fracture.

Exposing the fracture site
The coronal fragment is removed.
A combined gingivectomy and
osteotomy expose the fracture surface.

Constructing a post-retained
crown
After taking an impression, a post-
retained full crown is fabricated.

The finished restoration
The clinical and radiographic condition
2 months after insertion of the crown.
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A B

Fig. 11.17 Labial movement of a
crown-root fractured tooth, restored
after surgical exposure of the fracture
surface. A. Condition immediately after
restoration of the right lateral incisor.
B. Condition after 6 years. From
BESSERMANN (45) 1980.

Fig. 11.18 Removal of the coronal fragment and orthodontic extrusion of the root.

Orthodontic extrusion of apical fragment

Treatment principle

This is to move the fracture to a supragingival position
orthodontically (Fig. 11.18).

This treatment procedure was introduced in 1973 by Hei-
thersay (44). Since then several clinical studies have sup-
ported its value (42, 46–50, 60–67).

Indication

This is the only method for uncomplicated crown-root frac-
tures if pulp vitality is to be preserved. Can also be used 
for complicated crown-root fractures but is more time-
consuming than surgical extrusion. In cases where it is desir-
able to reconstruct osseous and/or gingival defects, slow
orthodontic extrusion can be used to guide downgrowth of
these tissues. The cervical diameter after extrusion is essen-
tial and should be analyzed before extrusion (Fig. 11.19).
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Treatment procedure

In teeth with completed root formation and a crown-root
fracture, endodontic therapy can be performed prior to
removal of the coronal fragment (i.e. while the coronal frag-
ment is splinted to the adjacent teeth). Fragment retention
can facilitate the endodontic procedure, whereby placement
of a rubber dam and tissue control of the operative field is
improved (in contrast to fragment removal). Thereafter
orthodontic extrusion is performed (83) (Fig. 11.20). Recent

esthetic improvements have been achieved whereby the
extrusion devices have been masked by using either the hol-
lowed out crown portion of the tooth or a pontic fastened
to adjacent teeth with wire (78). The orthodontic procedure
is described in Chapter 24, p. 684.

In teeth with incomplete root formation, pulp capping or
pulpotomy may be performed. Thereafter, orthodontic trac-
tion is initiated; this technique is further described in
Chapter 24, p. 684. Recently, a new method of orthodontic
extrusion with magnets has been described. One or two

Fig. 11.19 Cervical root dimensions after extrusion. A. Tooth preparation at the level of the cemento-enamel junction is directly related to the fixed
amount of space between the teeth. B. Tooth preparation after eruption of the apical root fragment; the diameter of the preparation is small relative to
the fixed amount of space between the teeth. Restoration will thus require greater attention. From INGBER (47) 1976.
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Fig. 11.20 Orthodontic extrusion of a crown-root fractured incisor. A. Before treatment. The patient is a 16-year-old female who suffered a dental
trauma 7 years ago. The two central incisors were fractured and were restored with composite. However, the restoration of the right central incisor failed
due to secondary caries. B. After treatment. The right extruded central incisor was restored with a porcelain jacket crown after orthodontic extrusion and
the left incisor was restored with new composite. C and D. Incisal and palatal aspect at the first examination. E. Radiograph at the first examination.
Caries has invaded to the crest of the alveolar bone. Buccal aspect after endodontic treatment and before orthodontic extrusion. There seems no sound
tooth structure preserved above the alveolar crest. F. Condition after endodontic treatment G. The occlusal relation; enough space is found to accom-
modate an orthodontic appliance. H. After placing an orthodontic appliance, a hook is placed in the canal. Elastic is placed between the wire and the
hook. The distance between the hook and the wire is 4mm. I. Radiograph before extrusion. J and K. Palatal and buccal aspect at the start of extrusion.
A laminate is bonded to neighboring teeth. Note there is enough space between the gingival margin and the cervical margin of the temporary crown.
L. Radiograph taken at the start of extrusion. (continued)
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neodymium-iron-boron magnets were attached to the
remaining root and a second, larger magnet was incorpo-
rated in a removal appliance. The roots were extruded over
a treatment period of 9–11 weeks; 2 patients were success-
fully treated using this method (79).

In cases of incomplete vertical fracture of immature inci-
sors (see later), it can be difficult to gain access to the pulp
and to control moisture and hemorrhage in order to
perform a pulpotomy. It could then be an advantage to seal
the fracture lines facially and orally with an acid-etch tech-
nique and an unfilled resin while the tooth is being
extruded. Once the fracture is at a level where access is pos-

sible, the fragment can be removed, and pulp capping or
pulpotomy performed (see Chapter 24, p. 684) and the
crown restored.

An important question is: how much can a tooth be
extruded and still maintain reasonable periodontal support?
This can best be answered by considering the crown-root
ratio. If the goal of extrusion is a crown-root ratio of approx-
imately 1 : 1, a central incisor can be extruded 2–4 mm, while
a lateral incisor can be extruded 4–6 mm. However, it should
be noted that, as yet, no study has confirmed that a crown-
root ratio of 1 : 1 cannot be exceeded while maintaining
stable periodontal support. Clinical experience with long-

M N O

P Q R

S T U

Fig. 11.20 (cont.) M. Buccal aspect just after extrusion. Note that gingival tissue has grown along with the extruded tooth resulting in an unaccept-
able gingival topography. N. Apically repositioned flap. A gingival flap was raised and positioned apically after osseous resection of excessive bone around
the extruded tooth. O. Radiograph taken 6 weeks later at the end of the extrusion. A slight amount of bone seems to have regenerated along with extru-
sion. P. Immediately after surgery. Q. Three months after extrusion. R. Four months after extrusion. S. A porcelain jacket crown to be seated. T. Buccal
view after setting of the crown. U. Radiograph after the restoration.
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term observations of root fractures showing healing 
with interposition of connective tissue (i.e. a shortened root,
see Chapter 8) indicates that a relatively large deviation 
from a crown-root ratio of 1 : 1 can be accepted without
resulting in excessive mobility or breakdown of the 
periodontium.

After extrusion and stabilization, restorative procedures
can be carried out as described under the surgical approach.
However, special restorative problems arise when dealing
with a root which has been moved coronally. Thus, it should
be realized that the extruded root will normally present a
smaller cervical diameter for restoration than a root in its
normal position (47, 65) (Fig. 11.19). If conventional
restorative techniques are employed, the final restoration
will have greater divergence from the gingival margin
incisally. However, experience gained by the restoration of
single tooth implants has shown that conventional porcelain
techniques can be used to restore anterior symmetry.

Concerning the prognosis of teeth treated by forced erup-
tion, nothing definite can be said at the present time.
However, experience to date has shown that this procedure
can result in stable periodontal conditions (45).

Cost–benefit

The procedure is slow and cumbersome (Table 11.1).
However, it can provide excellent esthetic results and the
gingival health appears to be optimal. Moreover, pulpal
vitality can in some cases be maintained where indicated.

Surgical extrusion of apical fragment

Treatment principle

This is to surgically move the fracture to a supragingival
position (Fig. 11.20).

This treatment procedure was introduced by Tegsjö et al.
(53, 69) in 1978, and the method further developed by
Bühler (70, 71) and Kahnberg (72–76).

Indication

This should only be used where there is completed root
development and the apical fragment is long enough to
accommodate a post-retained crown. Surgical extrusion
results in loss of pulp vitality if performed in uncomplicated
crown-root fractures. In such cases orthodontic extrusion
may be a better alternative if there is a desire to keep the pulp
vital.

Treatment

Clinical experience has shown that the time factor for
removal of the coronal fragment is not critical for success of
treatment. Thus, fragment removal can be instituted days or
weeks after injury. The pulp can be extirpated and the tooth
root filled at this time. However, clinical studies have shown
that postponement of endodontic therapy for 3–4 weeks

gives better results (76). If the latter approach is chosen, the
pulp canal is sealed with zinc oxide-eugenol cement. More-
over, experience has shown that postponement of the surgi-
cal procedure for 2–3 weeks facilitates atraumatic extraction
due to inflammatory processes arising in the periodontal 
ligament.

The apical fragment is luxated with a thin periosteal ele-
vator (Fig. 11.21). The extracted root is then inspected for
incomplete fractures which will contraindicate reposition-
ing of the root. The root is moved into a more coronal 
position and stabilized in the new position with interproxi-
mal sutures and/or a splint. In case of palatally inclined frac-
tures, 180° rotation can often imply that only slight
extrusion is necessary to accommodate crown preparation
due to the difference in position of the cemento-enamel
junction labially and palatally. The exposed pulp is covered
with a zinc oxide-eugenol cement. After 3–4 weeks, the tooth
can be treated endodontically. After another 1–2 months, the
tooth can be restored with a post-retained crown.

Prognosis

In the reported series of patients treated, with up to 5-year
observation periods, either no or slight root resorption
(surface resorption) was seen (Table 11.2 and Figs
11.22–11.25) (69, 74). In a recent 10-year follow-up study of
19 surgically extruded teeth, Kahnberg showed that all 
teeth survived; and only one showed cervical resorption
(81).

Cost–benefit

Several clinical studies have indicated that this is a safe and
rapid method for the treatment of crown-root fractures.
However, pulp vitality must be sacrificed (Table 11.1).

Vital root submergence

In cases not considered restorable in young individuals, it
might be indicated to keep the root portion in place in order
to maintain the alveolar width and height (84, 85). This pro-
cedure is described in Chapter 24.

Extraction

This alternative is relevant when none of the above men-
tioned treatment procedures is indicated. With respect to
subsequent tooth replacement, it should be remembered that
the supporting bone is very rapidly resorbed (see Chapter
28). For this reason the apical root fragment may be pre-
served submerged to keep the volume of the alveolar process.
Provided the patient has finished growth, implant treatment
may be a good alternative (Chapter 28). In still growing
patients orthodontic space closure (Chapter 24) or auto-
transplantation (Chapter 27) are better alternatives.
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Fig. 11.21 Removal of the coronal fragment and surgical extrusion of the root.

Table 11.2 Long-term results of surgical extrusion of crown-root fractured anterior teeth.

Observation Age of No. of Tooth PDL Apical Gingival
period yr. patient yr. teeth survival healing3 healing healing

(mean) (mean) (%) (%) (%) (%)

Tegsjö et al. (69) 1987 4 (4.0) 9–33 (15.0) 56 91 88 98
Kahnberg (74) 1988 5.5 (2.4) 13–75 (31.0) 171 100 65 94 100

13–75 (31.0) 412 100 74 95 100
Caliskan et al. (80) 1999 1.2 10–45 (21.5) 20 100 90 100 95

1 Transplant performed via apical exposure; 2 Transplant performed via coronal approach; 3 Non-healing represents cases with surface resorption that
results in a slight shortening of the root.
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Fig. 11.22 Removal of the
coronal fragment and surgical
extrusion of the root
A complicated crown-root fracture in a
13-year-old boy. The loose fragment is
stabilized immediately after injury with
a temporary crown and bridge material
using the acid-etch technique.

Incision of the PDL
After a local anesthesia the PDL is
incised using a specially contoured sur-
gical blade. The PDL is incised as far
apically as possible.

Luxation of the root
The root is then luxated with a narrow
elevator which is placed at the
mesiopalatal and distopalatal corners
respectively.

Extracting the root
The root is extracted and inspected for
additional fractures.



Crown-Root Fractures 331

Replanting the apical fragment
The root is tried in different positions
in order to establish where the fracture
is optimally exposed, yet with minimal
extrusion. In this instance, optimal
repositioning was achieved by rotating
the root 45°.

Stabilization of the apical frag-
ment during healing
The root is splinted to adjacent teeth.
The pulp is extirpated and the access
cavity to the root canal closed.

Root filling
Two weeks after initial treatment,
endodontic therapy can be continued,
in the form of an interim dressing with
calcium hydroxide. The root canal is
obturated with gutta-percha and
sealer as far apically as possible 1
month after surgical extrusion.

Completion of the restoration
Two months after surgical extrusion,
healing has occurred and it is possible
to complete the restoration.
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0 d 0 d 6 mo 4 yr

Fig. 11.23 Intra-alveolar transplantation of a crown-root fractured central incisor. No sign of root resorption is seen 4 years after transplantation. From
KAHNBERG (73) 1985.

Essentials

Treatment of permanent teeth

Emergency procedures

Fragments of crown-root fractured teeth can be temporar-
ily splinted to alleviate pain from mastication (Fig. 11.12).
Definitive treatment should be provided within a few days.

Definitive treatment

The level of the fracture determines the type of therapy (i.e.
extraction of the root, surgical exposure of the fracture
surface or orthodontic or surgical extrusion of the root).

Extraction of the tooth

Indicated in teeth where the coronal fragment comprises
more than 1/3 of the clinical root and in case of fractures
following the long axis of the tooth.

Removal of coronal fragment and 
supragingival restoration

Indicated in superficial fractures that do not involve the pulp
(Figs 11.13 and 11.14).

(1) Administer local anesthesia.
(2) Remove loose fragments.
(3) Smooth rough subgingival fracture surface with a chisel.
(4) Cover supragingival exposed dentin.
(5) When gingival healing has occurred a supragingival

restoration is made using bonded composite or the
original fragment where the subgingival portion has
been removed.

Surgical exposure of fracture surface

Indicated in teeth where the coronal fragment comprises 1/3
or less of the clinical root (Fig. 11.16).

(1) Administer local anesthesia.
(2) Remove loose fragments.
(3) Perform a pulpectomy and obturate the root canal with

gutta percha and a sealer.
(4) Expose the fracture surface with a gingivectomy and

ostectomy.
(5) Restore the tooth with a post-retained porcelain jacket

crown.

Orthodontic extrusion of apical fragment

Indicated in teeth where the coronal fragment comprises 1/3
or less of the clinical root (Figs 11.18 and 11.20).

(1) Administer local anesthesia.
(2) Remove loose fragments.
(3) In teeth with mature root formation, perform pulpec-

tomy and obturate the root canal with gutta-percha and
a sealer. In teeth with immature root formation, perform
a cervical pulpotomy (see Chapter 22, p. 646).

(4) Expose the fracture surface via orthodontic extrusion of
the root (see also Chapter 24, p. 684).

(5) When the root is extruded, perform a gingivectomy and
ostectomy, if needed, to restore symmetry of gingival
contour.

(6) Restore the tooth temporarily and splint to adjacent
teeth for a retention period of 6 months.

(7) After the retention period, restore definitively.

Surgical extrusion of apical fragment

Indicated in teeth where the coronal fragment comprises less
than half root length (Figs 11.20 and 11.22).
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(1) Administer antibiotics and local anesthesia.
(2) The pulp can be extirpated and the root canal filled

with gutta percha and a sealer prior to intra-alveolar
transplantation; or endodontics can be postponed and
the root canal entrance sealed with a zinc oxide-
eugenol cement.

(3) The PDL is incised, the tooth luxated with an elevator
and the tooth extracted with forceps.

(4) The root surface is inspected for incomplete root frac-
tures, which would contraindicate transplantation.

(5) The root is repositioned at a level 1 mm coronal to the

alveolar crest. If desirable, the root can be rotated to
achieve a maximum periodontal surface area within
the socket.

(6) The tooth is stabilized using interproximal 
sutures.

(7) Take a postoperative radiograph.
(8) After 2 to 3 weeks, the transplant is usually firm. If the

root canal has not been filled, calcium hydroxide can
be used as an interim dressing which will ensure apical
hard tissue closure. A temporary restoration can now
be fabricated.

Fig. 11.24 Tooth survival of 68 intra-
alveolar transplanted anterior teeth
with completed root formation at time
of surgery. From KAHNBERG (75)
1990.

Fig. 11.25 PDL healing of 68 intra-
alveolar transplanted anterior teeth
with completed root formation at time
of surgery. Complications involved
surface resorption of the repositioned
tooth. From KAHNBERG (75) 1990.
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(9) After 6 months, a permanent root filling as well as a
definitive crown restoration can be completed.

(10) If a gutta-percha root filling has been made prior to
transplantation, the tooth can be restored after 2
months.

Vital root submergence

Indicated in young individuals where the abovementioned
treatment alternatives cannot be carried out in order to
maintain the dimensions of the alveolar process.

(1) Administer a local anesthetic.
(2) A flap is raised.
(3) The supra-alveolar fragments of the tooth are removed.
(4) The flap is closed over the exposed root including the

pulp.
(5) Insert a space maintainer.

Extraction

Indicated in cases where none of the above mentioned treat-
ments can be performed.
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Terminology, frequency and etiology

Root fractures, defined as fractures involving dentin, cemen-
tum and pulp, are relatively uncommon among dental
traumas, comprising 0.5 to 7% of the injuries affecting the
permanent dentition (1–8, 88, 89, 132, 163, 164) and 2–4%
in the primary dentition (1, 4, 162, 163). Frequent causes of
root fractures in the permanent dentition are fights and
foreign bodies striking the teeth (1).

The mechanism of root fractures is usually a frontal
impact which creates compression zones labially and lin-
gually. The resulting shearing stress zone then dictates the
plane of fracture (see Chapter 8, p. 236). The result on a his-
tologic level is a periodontal ligament injury (rupture and/or
compression) confined to the coronal fragment and stretch-
ing or lacerating the pulp at the level of fracture (Figs 12.1
and 12.2).

Clinical findings

Root fractures involving the permanent dentition predomi-
nantly affect the maxillary central incisor region in the age
group of 11 to 20 years (1, 9–12, 136). In younger individ-
uals, with the permanent incisors in various stages of erup-
tion and with incomplete root development, root fractures
are unusual (13, 136, 170), a finding possibly related to the
elasticity of the alveolar socket which renders such teeth
more susceptible to luxation injuries than to fractures (90).
However, careful scrutiny of radiographs following luxation
injuries in this age group can sometimes reveal incomplete
(partial) root fractures (see later). In the primary dentition,
root fractures are also uncommon before completion of root
development and are most frequent at the age of 3–4 years
where physiologic root resorption has begun, thereby weak-
ening the root (91).

12
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Fig. 12.1 Palatal and incisal displacement of left central incisor due to root fracture.
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Fig. 12.2 Pathogenesis of a root fracture. A frontal impact displaces the tooth orally and results in a root fracture and displacement of the coronal frag-
ment. This results in both pulpal and PDL damage coronally. The pulp in the apical part of the root usually remains vital.

Root fractures can often be associated with other types of
injuries; among these, concomitant fracture of the alveolar
process, especially in the mandibular incisor region, is a
common finding (1).

Clinical examination of teeth with root fractures usually
reveals a slightly extruded tooth, frequently displaced in an
oral direction (Fig. 12.1). While the site of the fracture deter-
mines the degree of tooth mobility, it is usually not possible
to distinguish clinically between displacement due to a root
fracture and a luxation injury. Diagnosis is entirely depend-
ent upon radiographic examination (see later).

Radiographic findings

Radiographic demonstration of root fractures is facilitated
by the fact that the fracture line is most often oblique and
at an optimal angle for radiographic disclosure (13) (Figs
12.3 and 12.4). In this context, it should be remembered that
a root fracture will normally be visible only if the central
beam is directed within a maximum range of 15–20° of the
fracture plane (133, 134). Thus, if an ellipsoid radiolucent
line is seen on a radiograph, two additional periapical 
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radiographs should be taken – one with an increased angu-
lation of 15° to the original and the second at a negative
angulation of 15° to the original (92) (Fig. 12.3). However,
the direction of the fracture can vary considerably. Thus, the
typical apical or mid-root fracture follows a steep course
facio-orally in an incisal direction, while fractures of the cer-
vical third tend to be more horizontal. This change in direc-
tion dictates a radiographic technique which involves
multiple exposures, including a steep occlusal exposure,
which is optimal for detecting fractures of the apical third
of the root (134); there is no significant difference in the sen-
sitivity of digital radiography and conventional radiography
in their capacity (165).

Root fractures occasionally escape detection immediately
after injury, while later radiographs clearly reveal the frac-
ture (4, 16–18, 93, 94) (Fig. 12.5). This can be due to the
development of either hemorrhage or granulation tissue
between the fragments, which displaces the coronal 
fragment incisally or due to resorption at the fracture line
which is a part of the healing process (see later) (134).

In previous clinical studies, root fractures were seen to
occur most often in the apical or middle third of the root,
and only rarely in the coronal one-third (11–13, 93, 94).
However, in more recent clinical studies, fractures of the
middle third of the root were the most frequent, while frac-
tures of the apical and cervical thirds occurred with equal

+30° +20° +10° 0°

Fig. 12.3 Radiographs taken of a
human tooth with an artificial root
fracture. The top row of radio-
graphs indicates the direction of
the central beam. The 0° beam
corresponds to the direction of the
central beam used in ordinary
occlusal exposures. It appears
from the bottom row that the frac-
ture line was only disclosed with
an angulation of the central beam
from +10° to −20° in relation to
the occlusal angulation of 0°
(arrows). It also appears that devi-
ations of the central beam from
the fracture plane tend to depict
the fracture as an ellipsoid struc-
ture mimicking an intermediary
fragment.

–10° –20° –30° –40°
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Fig. 12.4 Radiographic demonstra-
tion of root fractures. The normal pro-
jection angle is parallel to the fracture
surface, resulting in a single transverse
line on the radiograph. Decrease or
increase of the projection angle results
in an ellipsoid fracture line on the radi-
ograph. The fracture line in multiple
root fractures shows an irregular shape
on the radiograph. After ANDREASEN
& HJÖRTING-HANSEN (13) 1967.

frequency (135, 136). A single transverse fracture is the usual
finding; however, oblique or multiple fractures can occur
(Fig. 12.6).

Root fractures of teeth with incomplete root formation
can demonstrate a partial root fracture, a possible analogue
to ‘green stick’ fractures of long bones (4, 19). They are
usually seen as a unilateral break in the continuity of the thin
root canal wall/root surface of the immature root (Fig. 12.7).
In a recent clinical study, these fractures were subsequently
seen to heal with hard tissue formation (136).

Healing and pathology

Root fracture healing

Healing events following root fracture are initiated at the site
of pulpal and periodontal ligament involvement and lead 
to two types of wound healing response (22–24, 96,
134–139) (Fig. 12.8). These processes apparently occur 
independently of each other and are sometimes even 
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0 d 4 wk

Fig. 12.5 Late appearance of a root
fracture. Radiograph taken immedi-
ately after injury. The root fracture of
the right central incisor is barely dis-
cernible. Four weeks later a fracture
line is clearly visible.

Fig. 12.6 Oblique root fracture of a
left canine and multiple root fractures
of left central incisor.

0 d 0 d 12 yr

Fig. 12.7 Incomplete root fracture of a left central incisor. Twelve years later the fracture line is hardly visible.
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competitive in their endeavor to close the injury site with
either pulpal or periodontally derived tissue.

On the pulpal side of the fracture, two healing events
might occur, depending upon the integrity of the pulp at the
level of fracture. Thus, if the pulp is intact at the fracture
site, it will react in a manner analogous to a coronal pulp
exposure under optimal conditions (i.e. with an intact vas-
cular supply and absence of infection). Odontoblast pro-
genitor cells will be recruited and create a small hard tissue
dentin bridge which will unite the apical and coronal frag-
ments after 2 weeks in dogs (23) (Figs 12.8 and 12.10). This
bridge forms the initial callus and will possibly stabilize the
fracture (Figs 12.8 and 12.9). Callus formation is followed
by deposition of cementum derived by ingrowth of tissue
from the periodontal ligament (23) at the fracture line, first
centrally and gradually obliterating the fracture site (23).
Hard tissue union of the fractured root fragments cannot be
diagnosed radiographically earlier than 3 months after
injury and may take several years to be completed (134–136)
(see p. 347).

In the event that the pulp is severed or severely stretched
at the level of the fracture, a revascularization process in the

coronal aspect of the pulp is initiated (167). In the absence
of bacteria, this process will result in obliteration of the
coronal pulp canal. While this revascularization process is
under way, periodontally derived cells can dominate root
fracture healing, resulting in ‘union’ of the coronal and
apical root fragments by interposition of connective tissue
(167) (Fig. 12.10).

Finally, if bacteria gain access – usually to the coronal 
pulp – an infected pulp necrosis results, with accumulation
of inflamed, granulation tissue between the two root frag-
ments (Fig. 12.11). The source of these bacteria is still
subject to debate. Presently three points of entry are 
discussed: (1) through a tear in the coronal aspect of the
periodontal ligament; (2) through exposed dentinal tubules
(e.g. an associated crown fracture, or denuded neck of
the tooth); or (3) via the invading neovasculature 
(anachoresis).

During the initial stages of wound healing, traumatized
pulpal and hard dental tissues can stimulate an inflam-
matory response and thereby trigger the release of a 
series of osteoclast-activating factors (138) (see Chapter 4,
p. 148).

A

C

B

D

Fig. 12.8 Healing sequence after
experimental root fractures in
dogs.A. Eight days postoperatively,
proliferation of odontoblasts and
pulpal cells. B. and C.After 2 weeks
a dentinal callus is formed, uniting
the fragments. D. Nine months
after experimental fracture, con-
nective tissue separates the frag-
ments in the peripheral part of the
fracture. From HAMMER (23)
1939.
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Fig. 12.9 Hard tissue healing after root fracture. Due to minimal displacement of the coronal fragment, the pulp is probably only slightly stretched at
the level of the fracture. Fracture healing with ingrowth of cells originating from the apical half of the pulp ensures hard tissue union of the fracture.

Fig. 12.10 Connective tissue healing after root fracture. The pulp is ruptured or severely stretched at the level of the fracture following displacement
of the coronal fragment. Healing is dominated by ingrowth of cells originating from the periodontal ligament and results in interposition of connective
tissue between the two fragments.

Fig. 12.11 Non-healing due to infection in the line of fracture. Infection occurs in the avascular coronal aspect of the pulp. Granulation tissue is soon
formed which originates from the apical pulp and periodontal ligament. Accumulation of granulation tissue between the two fragments causes separa-
tion of the fragments and loosening of the coronal fragment.
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Thus, root resorption processes beginning either at the
periphery of the fracture line adjacent to the periodontal lig-
ament or centrally at the border of the root canal were
observed in 60% of a clinical material of root-fractured per-
manent incisors (134).

These processes could usually be detected within the 1st
year after injury and preceded fracture healing and obliter-
ation of the apical and/or coronal portions of the root
canals. The changes observed represented three resorption
entities:

(1) External surface resorption (ESR) (i.e. rounding of prox-
imal fracture edges at the periodontal side of the frac-
ture) (Fig. 12.12)

(2) Internal surface resorption (ISR) (i.e. rounding of frac-
ture edges centrally, at the pulpal side of the fracture)
(Figs 12.12 and 12.13)

(3) Internal tunnelling resorption (ITR) (i.e. resorption
which burrows behind the predentin layer and along the
root canal walls of the coronal fragment) (Figs 12.13
and 12.14).

0 d 3 mo 6 mo 3 yr

Fig. 12.12 Root fracture of the right and left maxillary central incisors of a 22-year-old woman, with extrusion of the fragments after 3 and 6 months.
There is evidence of internal surface resorption (ISR) at the junction of the pulp canal and fracture line of both teeth and external surface resorption
(ESR) of the right central incisor. After 3 years, there is resolution of ISR and pulp canal obliteration of the coronal canal can be seen. Healing is by inter-
position of connective tissue. From ANDREASEN & ANDREASEN (134) 1988.

0 d 2 mo 4 mo 1 yr 3 yr

Fig. 12.13 Root fracture of the left maxillary central incisor in a 19-year-old man with extrusion of the coronal fragment. Two months after injury, there
is evidence of resorption of the pulp canal walls (internal surface resorption (ISR)). Six months after injury, simultaneous resorption and deposition of
hard tissue can be seen. Internal tunneling resorption (ITR) can be clearly seen after 1 year. After 2 years, arrest of the resorption process and oblitera-
tion of the apical and coronal pulp canals can be seen. Healing is by interposition of connective tissue. From ANDREASEN & ANDREASEN (134) 1988.
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0 d 4 mo 14 mo 2 yr 3 yr

Fig. 12.14 Root fracture of the right maxillary central incisor in a 32-year-old man with extrusion of the coronal fragment. Four months after injury,
there is evidence of ISR. One year after injury, ITR can be seen. After 2 years, arrest of the resorption process and obliteration of the apical and coronal
pulp canals can be seen. Healing is by interposition of connective tissue. From ANDREASEN & ANDREASEN (134) 1988.

Fig. 12.15 Radiographs and dia-
grams illustrating various modalities of
healing after root fracture. A. Healing
with calcified tissue. B. Interposition of
connective tissue. C. Interposition of
bone and connective tissue. D. Inter-
position of granulation tissue. From
ANDREASEN & HJÖRTING-HANSEN
(13) 1967.
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It has been speculated that the various root resorption enti-
ties represent osteoclastic activity connected with ingrowth
of new highly vascularized connective tissue into the frac-
ture site or coronal aspect of the root canal, as revascular-
ization processes are known to elicit transient osteoclast
activity (134) (see Chapter 4, p. 148).

The resorption processes were all self-limiting, usually
resolving within the first 1–2 years after injury, and there-
fore requiring no interceptive treatment. The pattern of
resorption and pulp canal obliteration appeared to be deci-
sive for fracture healing. Thus, all resorption entities collec-
tively were significantly related to healing by interposition
of connective tissue between fragments. However, when seen
alone, internal surface resorption was significantly related to
hard tissue union. Pulp canal obliteration in both aspects of
the root canal indicated interposition of connective tissue;
when seen only in the apical aspect, healing was by hard
tissue union (134).

It should be emphasized that the pathogenesis of root
fracture healing, while suggested by retrospective clinical
studies (13, 93, 134), is only weakly supported by experi-
mental research. Revision of this hypothesis could therefore
be expected when future studies examine the specific roles
of the pulp and periodontium in root fracture healing.

So far, radiographic and histological observations in
human subjects have revealed that the final outcome after
root fracture can be divided into the events listed below (13,
26) (Fig. 12.15).

Healing with calcified tissue

A uniting callus of hard tissue has been demonstrated his-
tologically in a number of cases (9, 13, 19, 27–36, 97–100)
(Figs 12.16 and 12.17). Varying opinions exist on the nature
of the hard tissue found uniting the fragments. Dentin (36),

osteodentin (27), or cementum (28, 29, 33, 34) have all been
found at the repair site. In most cases, the innermost layer
of repair seems to be dentin (Fig. 12.17F), while the more
peripheral part of the fracture is incompletely repaired with
cementum (9, 13, 30–32, 36) (Fig. 12.17E, F). The first layer
of dentin is often cellular and atubular, later followed by
normal tubular dentin (31, 36). Cementum deposition in
the fracture line is often preceded by resorptive processes
both centrally and peripherally (Fig. 12.17E). Most often,
cementum will not completely bridge the gap between the
fracture surfaces, but is interspersed with connective tissue
originating from the periodontal ligament (Fig. 12.17G).
This, combined with the greater radiodensity of cementum
as compared with dentin, could explain why a fracture line
is often discernible radiographically although the fragments
are in close apposition and the fracture is completely con-
solidated (Fig. 12.18).

Occasionally, a slight widening of the root canal close to
the fracture site is seen (i.e. internal surface resorption (134)),
followed by hard tissue formation (101, 102) (Fig. 12.18).
Moreover, it is characteristic that there is limited peripheral
rounding of the fracture edges (external surface resorption
(134)) (Fig. 12.18).

Partial pulp canal obliteration, confined to the apical frag-
ment, is a frequent finding. Clinical examination of teeth
within this healing group reveals normal mobility, as com-
pared with non-injured adjacent teeth; moreover, there is
normal reaction to percussion and normal or slightly
decreased response to pulpal sensibility testing (13,
103, 134).

This type of healing is dependent upon an intact pulp and
is seen primarily in cases with little or no dislocation (i.e.
concussion or subluxation) of the coronal fragment and
most often in teeth with immature root formation (13, 90,
103, 134) (Fig. 12.19).

A B

Fig. 12.16 Complete healing with
calcified tissue after root fracture. A.
Radiographic condition 8 years after
root fracture of both central incisors.
Fracture lines are still visible. B. Histo-
logic examination of left central incisor
reveals a complete hard tissue callus.
From SCHULZE (36) 1957.
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Fig. 12.17 Incomplete healing
with calcified tissue after root frac-
ture of a left central incisor. A. and
B. Radiographs taken 3 and 10
months after injury. C. Low power
view of sectioned incisor removed
1 year after trauma. The lingual
part of the fracture line shows
repair with calcified tissue. ×6. D.
Interposition of connective tissue.
×30. E. Uniting callus of hard
tissue. ×30. F Higher magnifica-
tion of E. There is a distinct 
demarcation between dentin and
cementum (arrows). A few tubules
are found in the dentin. The
cementum is probably formed after
resorption of root fragments. ×75.
G. Barely visible hard tissue forma-
tion at the peripheral part of frac-
ture. ×30. From ANDREASEN &
HJÖRTING-HANSEN (13) 1967.

0 d 6 wk 6 wk 1 yr 2 yr 5 yr 10 yr

Fig. 12.18 Healing with calcified tissue of a fracture located at the gingival third of the root of a left lateral incisor. At the 6-week control, evidence of
widening of the root canal close to the fracture site (arrow) is apparent. At controls 1 and 2 years later, the resorption cavity in the pulp canal as well
as the fracture site show repair with calcified tissue. After 5 and 10 years, the fracture site is almost occluded with hard tissue.



348 Chapter 12

Interposition of connective tissue

This type of healing is apparently related to a moderate
pulpal injury (i.e. extrusion or lateral luxation of the coronal
fragment), whereby pulpal revascularization and/or reinner-
vation must be completed prior to pulpal participation in
fracture healing. In the interim, periodontal ligament cells
are able to dominate the healing process (13, 136). Histolog-
ically, this is characterized by the presence of connective
tissue between the fragments (13, 37, 48) (Fig. 12.20). The
fracture surfaces are covered by cementum, often deposited
after initial resorption (38, 39, 43, 99, 168), with connective
tissue fibers running parallel to the fracture surface or from
one fragment to the other. By means of secondary dentin for-
mation, a new ‘apical foramen’ is created at the level of frac-
ture (32, 45, 134, 135, 169). A common finding is peripheral
rounding of the fracture edges (external surface resorption
(134)), sometimes with slight ingrowth of bone into the frac-
ture area from the lateral side (13, 27) (Fig. 12.18). The width
of the periodontal space around the fragments reflects the
functional activity of the two fragments. The periodontal
space surrounding the apical fragment is narrow, with fibers
oriented parallel to the root surface, while the space around
the coronal fragment is wide, with normal fiber arrangement
(37, 41).

The radiographic features in this type of healing consist
of peripheral rounding of the fracture edges and a radiolu-
cent line separating the fragments (Fig. 12.15B). Initially,
external and internal surface resorption are often seen (134),
as well as pulp canal obliteration of both apical and coronal
aspects of the root canal (136).

Clinically, the teeth are normally firm or slightly mobile
and with a weak pain response to percussion. The response
to sensibility testing is usually within the normal range (13,
93, 134–135). Although no interceptive therapy is required
at the appearance of the above-mentioned resorption
processes, it should be mentioned that a few cases have been
observed whereby the post-resorptive mineralization
process resulted in ankylosis. Thus, longer observation
periods as well as more frequent follow-up examinations
during the 1st year after injury might be advisable when
these resorption processes are diagnosed. (See Appendix 3,
p. 881).

Interposition of bone and connective tissue

Histologically teeth in this healing group demonstrate inter-
position of a bony bridge and connective tissue between the
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Fig. 12.19 Upper. Probability of the
various healing modalities after root
fracture of the maxillary right central
incisor (arrows) in an 8-year-old boy
based on the following information
from the time of injury: the coronal
fragment was subluxated, with first-
degree loosening; the diameter of the
apical foramen was 2.8mm; anti-
biotics were administered due to avul-
sion and replantation of the maxillary
left central incisor. Fixation was with
an acid-etch splint. The times on the
horizontal axis of the probability
curves are the intervals defined in the
statistical analysis. The times given on
the radiographs are the exact obser-
vation periods, which correspond to
the defined intervals. Lower. The radio-
graphic appearance at the various
observation periods. At 39 days,
the diagnosis of hard tissue union 
(HT) was made (asterisk). From
ANDREASEN et al. (136) 1989.
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apical and coronal fragments, with a normal periodontal lig-
ament surrounding both fragments (27, 49–53). In some
instances, bone can be seen extending into the root canals
(49–51) (Fig. 12.21).

This mode of healing is apparently a result of trauma
prior to completed growth of the alveolar process, thus the
coronal fragment continues to erupt, while the apical frag-
ment remains stationary in the jaw (13) (Figs 12.22 and
12.23).

Radiographically, a bony bridge is seen separating the
fragments, with a periodontal space around both fragments.
Total pulp canal obliteration of the root canals in both frag-
ments is a common finding (Fig. 12.15C).

Clinically, the teeth are firm and react normally to pulp
tests.

Interposition of granulation tissue

Histologic examination of teeth in this group reveals
inflamed granulation tissue between the fragments (13, 37,
53–57, 140) (Figs 12.24 and 12.25). The coronal portion of
the pulp is necrotic and infected, while the apical fragment
usually contains vital pulp tissue (13) (Fig. 12.24D and G).
The necrotic and infected pulp tissue is responsible for the
inflammatory changes along the fracture line (13). In some
cases, however, communication between the fracture line

B

D

E

F

G

A

C

Fig. 12.20 Interposition of con-
nective tissue after root fracture of
left central and lateral incisors. A.
One week after injury. B. Radio-
graph at time of removal 6 weeks
after injury. C. Low power view of
sectioned central incisor shows
interposition of connective tissue.
×30. D. Vital pulp tissue in crown
portion. ×75. E. Connective tissue
in fracture line. ×30. F. Higher
magnification of E. Note active
resorption on surface of fragments
(arrows) ×75. G. Comminuted
fracture in apical region. Note for-
mation of cementum on frag-
ments. ×30. From ANDREASEN &
HJÖRTING-HANSEN (13) 1967.
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and the gingival crevice is the source of inflammation (13,
47, 57) (Fig. 12.25).

Radiographically, widening of the fracture line, loss of
lamina dura and rarefaction of the alveolar bone 
corresponding to the fracture line are typical findings (141)
(Fig. 12.15D). If the tooth is not splinted, the coronal frag-
ment is loose, slightly extruded and sensitive to percussion.
If splinted, the apical fragment becomes displaced in apical
direction. Fistulae at a level on the buccal mucosa corre-
sponding to the fracture line are an occasional finding (13).

It has been found that negative pulpal sensibility at the
time of injury was significantly related to later pulp necro-
sis, presumably a reflection of severe pulpal injury. However,
a positive pulpal response was not able to predict healing by
hard tissue union or interposition of connective tissue (136).
Moreover, fixation by the forceful application of orthodon-

Fig. 12.22 Interposition of bone and connective tissue between frag-
ments of a permanent incisor removed 6 months after root fracture. Note
extension of bone into the pulp canal. ×7. From BLACKWOOD (49) 1959.

Fig. 12.21 The growth of the alveolar process leaves the apical fragment
behind in its original position.

0 d 1 d 1 yr 2 yr 9 yr

Fig. 12.23 Healing of fracture with interposition of bone and PDL. On the day of injury; there is a fracture with diastasis of about 1.8mm and not
optimal splinting. At controls after 1, 2, and 9 years, respectively, there is ingrowth of bone between the two fragments, further eruption of the coronal
fragment and pulp canal obliteration in both fragments. From CVEK et al. (177) 2002.

tic bands (a splinting technique employed prior to the
advent of the passively applied acid-etch splints) (136) or
cap splints (170) played an important role in the develop-
ment of coronal pulp necrosis following root fracture. This
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Fig. 12.24 Non-healing with
interposition of granulation tissue
between fragments of a left
central incisor.A. Immediately after
injury. B. Radiographs at the time
of removal 6 months after injury.
C. Low power view of sectioned
incisor. ×6. D. Vital pulp tissue in
apical fragment. ×75. E. Granula-
tion tissue with epithelial prolifer-
ation and chronic inflammation.
×30. F. Higher magnification of E.
Area with newly formed cemen-
tum. ×195. G. Necrotic pulp 
tissue in coronal fragment. ×30.
From ANDREASEN & HJÖRTING-
HANSEN (13) 1967.

adverse effect was presumably due to an additional trauma,
including possible dislocation of the coronal fragment,
during splint application (170).

Treatment

The principles of treating permanent teeth are reduction of
displaced coronal fragments and immobilization (Fig.
12.26). Surveys of treatment principles have recently been

published (171, 172). If treatment is instituted immediately
after injury, repositioning of the fragment by digital manip-
ulation is easily achieved (Fig. 12.27). If resistance is felt
upon repositioning, it is most likely due to fracture of the
labial socket wall. In this case, repositioning of the fractured
bone is necessary before further attempts are made to reduce
the root fracture (Fig. 12.28). After reduction, the position
should be checked radiographically.

Immobilization of teeth with root fractures is achieved
with semi-rigid fixation, e.g. an acid etch/resin splint (170)
(see Chapter 32). As previously mentioned, forceful 
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application of, e.g., orthodontic bands for the purpose of
immobilizing the coronal fragment is contraindicated, due
to its traumatic influence on the already traumatized pulp
that could result in pulp necrosis. A passively applied splint
(e.g. using the acid-etch technique) is advised. The fixation
period should be about 1 month to ensure sufficient hard
tissue consolidation; longer splinting periods have not been
found to be of value (170).

It should be noted that immature teeth with incomplete
root fractures require no fixation and will heal by hard tissue
union (136). However, these teeth may be included in a
splint if multiple tooth injuries so require. During this

period, it is important that the tooth be observed radi-
ographically and with sensibility tests in order to detect pulp
necrosis. See Appendix 4, p. 882 for a suggested schedule for
recall examinations.

If the fracture is located at the cervical third of the root 
and below the alveolar crest, various studies have shown 
that healing is possible and a conservative approach 
justified (13, 26, 58, 177) (Figs 12.29 and 12.30). In cases
where oral hygiene is optimal, treatment can be permanent
fixation of the coronal fragment to adjacent non-injured
teeth at the contact areas proximally with a filled composite
resin (Fig. 12.30). However, very close proximity of the root

B

D

E

F

C G

A

Fig. 12.25 Non-healing with
interposition of granulation tissue
between fragments of a left central
incisor. A. and B. Radiographs
taken 2 months after trauma. Note
the periradicular radiolucency
adjacent to the fracture line
(arrow). C. Low power view of sec-
tioned incisor. The tooth was
removed 2 months after injury. ×6.
D. Downward proliferation of
epithelium from gingival crevice.
×75. E and F. Palatal fracture 
with epithelial proliferation. ×30
and ×75. G. Necrotic pulp tissue 
in coronal fragment. ×30. From
ANDREASEN & HJØRTING-
HANSEN (13) 1967.
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fracture to the gingival crevice may dictate alternative 
treatment, as the chance of healing with calcified tissue is
poorest when a cervical fracture line is close to or communi-
cating with the gingival crevice. A treatment option which
could then be considered is the removal of the coronal 
fragment and subsequent orthodontic (106) or surgical
extrusion of the remaining apical fragment. These tech-
niques are described in more detail in relation to treatment
of complicated crown-root fractures (see Chapters 11 and
24).

In cases where it is not possible to treat the fractured 
tooth conservatively and the tooth must be extracted, it
should be remembered that careless extraction procedures

will result in extensive damage to the alveolar process and
subsequent severe atrophy, especially in the labio-lingual
direction, ultimately resulting in a compromised esthetic
restorative treatment. This problem can be prevented 
to a certain degree by careful removal of the apical fragment
with no or minimal sacrifice of labial bone. Thus, if removal
of the apical fragment is not possible via the socket,
surgical removal should be undertaken by raising a flap 
and making an osteotomy over the apical area, thereby
pushing the apex out of its socket. Under no circumstance
should the marginal socket wall be removed, as this can 
lead to labio-lingual collapse of the alveolar process 
(Fig. 12.31).

Fig. 12.26 Principles for treatment of root fractures. Treatment of root fractures consists of complete repositioning and firm, immobile splinting, prefer-
ably with a passively applied splint until a hard tissue callus is formed, usually after 3 months.
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Fig. 12.27 Treatment of a later-
ally luxated root fracture
This 13-year-old boy received a hori-
zontal blow to the left maxillary central
incisor.

Examining the tooth
The tooth reacts to SENSITIVITY
TESTING, indicating an intact vascular
supply. There is a high metallic sound
elicited by the PERCUSSION TEST, indi-
cating lateral luxation of the coronal
fragment. The tooth is locked firmly in
its displaced position, confirming the
lateral luxation diagnosis.

Repositioning
Because of the force necessary to
reposition a laterally luxated tooth,
local anesthesia is administered prior
to repositioning. Firm pressure is
applied to the facial bone plate at the
fracture level in order to displace the
coronal fragment out of its alveolar
‘lock.’ This is followed by horizontal
(forward) pressure at the palatal
aspect of the incisal edge, which repo-
sitions the coronal fragment into its
original position.

Verifying repositioning
The correct position of the coronal
fragment is confirmed radiographically.
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Splinting procedure
The acid-etch technique and a tempo-
rary crown and bridge material are
used. Phosphoric acid gel is applied for
30 seconds to the facial surfaces of the
injured and adjacent non-injured
teeth. The tooth surfaces are then
rinsed thoroughly with a stream of
water for 20–30 seconds and blown
dry. A mat white enamel surface indi-
cates adequate etching.

Applying the splinting material
Temporary crown and bridge material
is applied to the etched enamel sur-
faces (Luxatemp®). The bulk of the
material should be placed on the
mesial and distal corners of the trau-
matized and adjacent, non-injured
incisors. After setting, any irregularity
in the surface is removed with abrasive
discs or a scalpel blade.

Removing the splint
The healing events are monitored
radiographically. If the tooth reacts to
sensibility testing and there is no sign
of infection in the bone at the level of
the fracture, the splint may be
removed.

One year after injury
The tooth responds normally to sensi-
bility testing and the radiograph shows
increasing radiopacity of the fracture
line.
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Fig. 12.28 Treatment of a severely
extruded root fracture
This 20-year-old woman has suffered a
frontal blow to the left central incisor,
resulting in extreme displacement of
the coronal fragment.

Examining the displaced coronal
fragment
After cleansing the exposed root
surface with saline, it can be seen that
the coronal fragment has been forced
past the cervical margin of the labial
bone plate. The stretched and dis-
placed pulp is seen within the socket
area.

Repositioning
After local anesthetic infiltration, the
coronal fragment is repositioned. To
guide the root fragment into place, an
amalgam carver is inserted beneath
the cervical bone margin and used like
a shoe horn.

Splinting
The acid-etch technique is employed
once optimal repositioning has been
verified radiographically. The labial sur-
faces are etched and a flexible splint-
ing material is applied. The patient is
given penicillin for 4 days to safeguard
healing.



0 d 2 mo 5 yr

Fig. 12.29 Hard tissue healing of a root fracture located at the marginal third of the root of a left incisor.

Fig. 12.30 Permanent splinting of the
coronal fragment of a root fractured
lateral incisor healed with interposition
of connective tissue. At the contact
areas proximally, filled composite resin
is placed. Radiograph shows 10 year
follow-up.

B CA

Fig. 12.31 Atrophy of the alveolar process after surgical removal of a root fractured tooth. A. Condition after trauma. The right central incisor shows
a root fracture close to the gingival crevice. The tooth was surgically removed. During this procedure the labial bone plate was also removed. B and C.
Marked atrophy of the alveolar process is evident 1 year later.
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A preferred alternative to the above situation is the preser-
vation of the apical fragment, which normally contains vital
pulp tissue. Experimental evidence seems to indicate that
intentionally submerged root fragments with vital pulps
prevent or retard resorption of the alveolar process. These
roots are usually covered along the fractured surface with a
new layer of cementum as well as a thin layer of new bone.
Moreover, the pulp retains its vitality (107–109). Prelimi-
nary clinical experience seems to indicate that the inten-
tionally buried apical fragment resulting from root fracture
acts similarly (Fig. 12.32). This is presumably analogous to
the submergence of the apical fragment which is seen after
healing by interposition of bone and connective tissue.
Whether this treatment procedure is reliable must await the
results of long-term clinical studies.

Prognosis

Several clinical reports have demonstrated successful treat-
ment of root fractures (13, 26, 37, 59–71, 90–92, 100, 103,
110, 111, 133, 136, 142–144, 166, 170). However, follow-up
examinations can disclose deviations in pulpal and peri-
odontal healing. In this context, radiographic findings, such
as pulp canal obliteration, external and internal surface
resorption have been found to be related to specific healing
modalities (134).

Follow-up

A standard follow-up strategy using clinical information
based on sensibility testing is used, see Chapter 9, p. 261. In
that regard, a recent laser Doppler study has shown that this
approach could be advantageous in demonstrating early
revascularization of the coronal pulp (174). Furthermore,

radiographic examination should be included using stan-
dardized exposures (see Chapter 9, p. 267).

Pulpal healing

Clinical experience has shown that the pulp is more likely to
survive after root fracture than after luxation with no frac-
ture of the root (41, 61, 65, 72–74, 135) (Fig. 12.33). An
explanation could be that the fate of the injured pulp
depends in part upon revascularization from the periodon-
tal ligament. Such revascularization in luxation injuries is
limited to the periapical tissues through the apical foramen,
whereas a fractured root offers broader communication
from the pulp canal to the periodontal tissues, facilitating
re-establishment of the blood supply. Moreover, if one
assumes that only the coronal aspect of the pulp has been
damaged, the extent of tissue requiring revascularization is
considerably reduced following root fracture than after lux-
ation injuries. Another important factor could be the devel-
opment of pulpal edema, which can escape through the
fracture, minimizing pressure upon the delicate pulpal
vessels. Furthermore, the root fracture itself could prevent
transmission of the impact to the apical area, thus reducing
damage to the vulnerable area at the constricted apical
foramen (65).

Close clinical and radiographic follow-ups are necessary
to disclose pulp necrosis (141). Extrusion of the coronal
fragment, tenderness to percussion and, most significantly,
radiographic signs of pulp necrosis, such as development of
radiolucencies within bone adjacent to the fracture line (Figs
12.34 and 12.35), can usually be detected within the first 2
months after injury.

A negative sensibility response immediately after injury
does not necessarily indicate pulp necrosis, as a slow return
to normal vitality is often observed (103). However, it has
been found that teeth which did not respond to pulp testing
immediately following root fracture demonstrated a signif-
icantly greater risk of later pulp necrosis than those which

BA

Fig. 12.32 Apical fragment left in situ
after root fracture. The two central inci-
sors were avulsed. A. Condition at the
time of injury. B. At a follow-up 5 years
after injury, the pulp canal in the apical
fragment shows complete obliteration
and bone covers the fractured surface
of the root.
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Fig. 12.33 Pulp necrosis and periapical involvement after subluxation and pulp survival after root fracture. Left central incisor showed root fracture and
dislocation while the right central incisor was subluxated. The subluxated tooth has developed pulp necrosis but the tooth with the root fracture has
remained vital.

Fig. 12.34 Radiographic demonstra-
tion of pulp necrosis after root fracture.
The enlargement of the periodontal
space adjacent to the fracture line indi-
cates pulp necrosis (arrows).

0 d 0 d 3 mo 3 mo 6 yr

Fig. 12.35 No healing after root fracture. The root fracture was splinted on the day of injury. At control 3 months after injury a perioradicular radiolu-
cency is seen adjacent to the fracture, and there is no reaction to sensibility testing and there is discoloration of the crown. Treatment of the coronal
fragment is instituted with calcium hydroxide. Control after 6 years shows periodontal healing after treatment and filling of the root canal in the coronal
fragment with gutta-percha. From CVEK et al. (177) 2002.
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responded positively at the time of injury (136, 166, 170).
The diagnosis of pulp necrosis should therefore always 
be based upon a combined clinical and radiographic 
evaluation.

Table 12.1 lists various reports on the prevalence of pulp
necrosis after root fracture. Factors related to healing events
(hard tissue, connective tissue and non-healing) can be
divided into pre-injury and injury factors and treatment
dependent factors (166, 170).

Pre-injury and injury factors 

The pre-injury or injury factors which had the greatest influ-
ence upon healing (i.e. whether hard tissue fusion of pulp

necrosis) were age (166), stage of root development (i.e. the
size of the pulpal lumen at the fracture site) (90, 93, 136, 166,
170, 177), mobility of the coronal fragment (166), dislocation
of the coronal fragment (13, 93, 136, 166) and diastasis
between fragments (i.e. rupture or stretching of the pulp at
the fracture site (166) (Fig. 12.36).

It has previously been supposed that root fractures
located at the marginal one-third of the root had a very 
poor long-term prognosis, thus indicating extraction
therapy. However, this assumption has not been supported
by recent studies where no relationship could be 
demonstrated between the frequency of pulp necrosis and
the position of the fracture line (13, 90, 93, 94, 103, 177,
178).

In this regard, it should be considered that these teeth are
at risk of a new trauma which easily could lead to loss of the
coronal fragment; or excessive mobility being an indication
for extraction (176, 177) (Fig. 12.37). In such situations it is
important to consider whether the fracture is strictly hori-
zontal or oblique and thus involving both the cervical or
middle thirds of the root (Fig. 12.38). In a recent long-term
study of 94 cervical root fractures, 44% were lost. In com-
parison, only 8% horizontal and oblique fractures were lost
when located mid-root (177).

Other factors which have been found to be predictive of
the type of fracture healing have included the presence of
restorations at the time of injury as well as the presence 
of marginal periodontitis (136). Thus, if either of these
factors were present, there was a significantly greater risk 
of healing by interposition of connective tissue than healing
by hard tissue union. It was impossible to determine
whether this finding reflected an age phenomenon or
reduced pulpal defence due to disease or operative proce-
dures (136).

Table 12.1 Frequency of pulp necrosis after root fracture of permanent
teeth.

Examiner No. of Pulp necrosis
teeth

Austin (12) 1930 40 8 (20%)
Doniau & Werelds (10) 1955 24 5 (21%)
Lindahl (11) 1958 25 6 (24%)
Andreasen & Hjörting-Hansen (13) 1967 48 21 (44%)
Stålhane & Hedegård (111) 1975 18 4 (18%)
Zachrisson & Jacobsen (93) 1975 64 13 (20%)
Ravn (94) 1976 50 11 (22%)
Krenkel et al. (173) 1985 26 1 (4%)
Andreasen et al. (136) 1989 95 25 (26%)
Yates (164) 1992 22 5 (23%)
Caliskan & Pehlivan (175) 1996 56 21 (37%)
Majorana et al. (162) 2002 31 13 (40%)
Welbury et al. (176) 2002 84 46 (55%)
Feely et al. (73) 2003 34 7 (21%)
Andreasen et al. (166, 170) 2004 400 88 (22%)

0 d 0 d 3 mo

Fig. 12.36 Dislocation of a root fracture leading to pulp necrosis. Note that the left maxillary incisor is dislocated more than the right incisor. Three
months later, the right central incisor was found to be vital whereas pulp necrosis and periapical rarefaction was diagnosed in the left central incisor
(arrow).
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Treatment factors

Concerning treatment factors, the following had a negative
influence upon healing: forceful application of splints (136)
and the type of splint, rigid splints giving the poorest results
(170). The length of splinting period appeared to be of no
significance; and 4 weeks appeared to be acceptable (170).
Furthermore, treatment delay of a few days did not have a
negative effect on healing (170). Finally, antibiotics did not
improve healing. In fact an unexplained inverse relation to
healing has been found (136, 170).

Many types of treatment have been proposed for the
management of pulp necrosis in root-fractured teeth (26,
179) (Fig. 12.39). The most important feature to consider is
that the apical fragment normally contains vital pulp tissue
(13). This is the basis for treatment where only the coronal
fragment is root-filled, a treatment form which has been
shown to result in a high rate of healing (26, 83, 112, 141,

179). This form of therapy is described in detail in 
Chapter 22, p. 612.

If the fracture line is situated in the cervical third of the
root and the pulp is necrotic, the coronal fragment will
become quite mobile. Intraradicular splinting, with a metal
pin uniting the fragments and serving as a root canal filling
has been tried (111, 115–118, 145–147). So far, only limited
clinical data have been reported concerning long-term prog-
nosis of these forms of therapy. However, the failure rate
appears to be as high as half of all treated cases (146, 147).

Another suggested method of stabilizing the coronal frag-
ment involves using metal endodontic implants which
replace the apical fragment (74, 85–87, 104, 119–126,
148–156). Prefabricated implants are normally used in asso-
ciation with standardized endodontic intracanal instru-
ments (85) (Fig. 12.40). The purpose of the implant is to
shift the fulcrum of transverse movements to a more apical
position. Clinically, this shift is evident in the stability of the

2 wk 2 mo 9 mo 17 mo 4 yr

Fig. 12.38 Healing of a cervical fracture with connective tissue. Immature incisor with a transverse root fracture in the cervical one-third, healed with
interposition of soft tissue between the fragments, followed by a secondary injury and tooth extraction. Treatment was delayed by the patient’s fear of
treatment. The tooth was immobilized with a cap-splint for 2 months. Control radiographs taken 2, 9 and 17 months after injury show healing with
interposition of soft tissue and continued root development. After 4 years, the tooth suffered a new luxation injury and had to be extracted. From CVEK
et al. (177) 2002.

10 mo 5 yr 7 yr 9 yr0 d

Fig. 12.37 Healing of a cervical fracture with hard tissue. A transverse oblique and complicated fracture of a mandibular incisor involving the cervical
part of the root healed by the formation of hard tissue between the fragments. The tooth was splinted with a cap-splint for 49 days. Control radiographs
show slowly progressing healing with the formation of hard tissue; note formation of hard tissue at the fracture site in the pulpal lumen. From CVEK et
al. (177) 2002.
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fractured tooth immediately after implantation. However,
successful long-term prognosis for these implants is
dubious. Thus, in the authors’ experience, 12 implants which
originally were considered to have a good prognosis failed
at later follow-ups (87) (Fig. 12.41). Moreover, increasing
numbers of experimental studies have demonstrated evi-
dence of corrosion of the pins as well as severe inflamma-
tion in the soft tissues adjacent to these implants (127–130,

157). Only a single experimental study found implants 
in teeth with no initial periapical inflammation to be
accepted with no evidence of inflammation after 6 months
(157).

Another treatment procedure has been advocated
whereby the coronal fragment is extracted and the apical
fragment removed. The root canal in the coronal fragment
is enlarged and a combined root filling/root elongation is

A B C D

Fig. 12.39 Schematic drawings illustrating various types of treatments of pulp necrosis after root fracture. A. Root canal filling of coronal fragment. B.
Intraradicular splinting with a metal pin used as root canal filling. C. Surgical removal of apical fragment together with root canal filling of coronal frag-
ment. D. Metal implant replacing the apical fragment and acting as root canal filling. From ANDREASEN (87) 1968.

A B C

Fig. 12.40 Surgical removal of apical fragment and insertion of a metal implant in a central incisor. A. Prefabricated cobalt-chromium implants and
standardized endodontic instruments (Endodontic implant Starter Kit-B3, Star Dental Mfg. Co. Inc., Philadelphia, Pa., 19139, USA). B. A mucoperiosteal
flap has been raised and the apical fragment removed. The entire root canal of the coronal fragment is enlarged to the level of the fracture. C. A cobalt-
chromium implant of proper size is inserted into the root canal and the course taken by the implant noted. Subsequently, a cavity is created in the alve-
olar bone, ensuring that the length of the implant exceeds the original length of the root by 2–4mm. The length of the implant is adjusted to the bone
cavity and, in addition, to the level of the lingual surface of the crown. Finally, the implant is cemented into the root canal with a root canal sealer and
special care is taken to remove excess cement.



Root Fractures 363

performed using an aluminum oxide or titanium implant
which extends outside the apical foramen (see Chapter 17,
p. 464). However, to date (15, 159) the long-term results of
this procedure do not suggest that this procedure will be
better than endodontic treatment of the coronal fragment
only (112, 179). In this connection it should be borne in
mind that root fractured incisors which heal after endodon-
tic treatment of the coronal fragment tend to show decreas-
ing mobility because of the physiologic decrease in tooth
mobility with age (131, 160).

Pulp canal obliteration

Partial or complete obliteration of the pulp canal is a
common finding after root fracture (Fig. 12.42) (132, 134,
135, 166, 175). Thus, in clinical studies of root-fractured
permanent incisors, pulp canal obliteration was found in
69–73% of the teeth (93, 103, 136). Partial pulp canal oblit-
eration is seen most often in the fracture region and the
apical fragment. In addition, partial obliteration extends 
1–2 mm into the coronal fragment. Complete pulp canal

4 wk 4 wk 4 yr 12 yr

Fig. 12.41 Treatment of root fracture by removal of apical fragment and insertion of a metal implant. At a follow-up 12 years later, inflammation around
the implant is evident and a fistula is present.

0 d 3 mo 3 yr

Fig. 12.42 Effect of displacement of the coronal fragment on root fracture healing. Pulp canal obliteration after root fracture of both central incisors.
The teeth were repositioned and splinted for 3 months. At the control appointment 3 years later, the right central incisor showed healing, with calcified
tissue and partial pulp canal obliteration confined to the apical fragment and at the fracture site whereas the left central incisor demonstrated healing
with interposition of connective tissue and complete pulp canal obliteration.
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obliteration is seen as an even decrease in the size of the
entire pulp cavity, leading to total obliteration. Both oblit-
eration types progress at the same rate and are normally well
advanced after 9–12 months and approach full density 1–2
years later (103). Obliteration of the apical root canal alone
is commonly seen in cases of healing with hard tissue, while
obliteration of the apical and coronal aspects of the root
canal is often seen in cases with interposition of connective
tissue, as well as in teeth with interposition of connective
tissue and bone (103, 134). In this context, however, one
should be aware that in cases of pulp necrosis, while the
coronal root canal is usually the only part of the root canal
affected, the apical root canal can be completely obliterated.
Thus, one must use other criteria (i.e. resorption of bone
and loss of lamina dura at the level of the fracture, loss of
sensibility, loosening of the coronal fragment) for the deter-
mination of pulp status. Clinically, a slight yellowish discol-
oration of the crown is sometimes seen in the case of coronal
pulp canal obliteration. Pulpal sensibility testing is in most
cases normal, but a negative response can be registered. In
contrast to pulp canal obliteration after luxation injuries,
secondary pulp necrosis is a rare finding (103).

Root resorption

Root resorption has been found to occur in approximately
60% of root-fractured permanent incisors and can usually
be detected within 1 year after injury. These processes often
precede fracture healing and obliteration of the coronal
and/or apical aspects of the root canal and should be dis-
tinguished from resorption of bone at the level of root 
fracture which is indicative of coronal pulp necrosis. Root
resorption appears in the following types:

(1) External surface resorption (ESR), characterized by the
rounding of the fracture edges medially and/or distally
(Fig. 12.12)

(2) External inflammatory resorption (Fig. 12.43)
(3) External replacement resorption (Fig. 12.44)
(4) Internal surface resorption (ISR), manifested as round-

ing of the fracture edges centrally, in the apical and
coronal root canals, at the intersection between the root
canal and fracture line (Figs 12.12 to 12.14)

(5) Internal tunnelling resorption (ITR), going behind the
pre-dentin layer and burrowing along the root canal
walls of the coronal fragment (Figs 12.13 and 12.14).

Only  external inflammatory resorption needs treatment
(pulp extirpation and root filling). External replacement
resorption (ankylosis) cannot be treated. The other types of
resorption just require observation.

Orthodontic treatment of root 
fractured teeth

This problem is discussed in detail in Chapter 24.

Predictors of healing

In this respect, the following three events will be present:
development of pulp necrosis and healing by hard or con-
nective tissue.

Basic information about these topics has been disclosed
by two larger clinical studies (166, 170). As it appears from
Fig. 12.45, the healing events are generally controlled by the
extent of injury (± rupture / stretching of the pulp at the level
of fracture) and the anatomy of the pulp (size and vascular-
ity). Concerning treatment effects, optimal repositioning and
the use of flexible (versus rigid) splinting has been found to
favor healing.

0 d 9 mo 2 yr

Fig. 12.43 External inflammatory resorption following root fracture of a right central incisor. External resorption is evident at re-examination 2 years
after injury (arrow). Mesial and distal radiographic projections revealed the external nature of this resorption process. Pulp necrosis was diagnosed at
the clinical examination.
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In the following, diagrams, the relative influence of the
various factors is presented, based on a recent study of 400
root fractured incisors (166, 170) (Fig. 12.46). By entering
the diagram with information from the time of injury,
the likelihood of the following healing events can be 
ascertained.

Type of healing

The following pre-injury and injury factors had a positive
influence upon healing (i.e. hard tissue versus non-
healing/pulp necrosis): immature root formation, lower age,

less displacement of the coronal fragment. The treatment
factors which had a positive influence upon healing were:
optimal repositioning and a flexible splinting.

Tooth survival

Only a single study has examined this factor; and it was
found that there was good long-term survival (Fig. 12.47).
However, more studies are needed concerning this parame-
ter, especially concerning fractures located at the cervical
third (176).

A single study has shown an 83% 10-year survival (178).

0 d 18 mo 18 mo

Fig. 12.44 External replacement resorption following root fracture of right canine as well as fracture of the alveolar process. At re-examination 18
months later, external replacement resorption is evident. Histologic examination of extracted canine demonstrates marked replacement resorption. ×6.

Preinjury factors
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Stage of
root

development
Fragment
dislocation

Rupture/
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survival or

pulp healing

Repositioning

Treatment factors

Type of splint

Radiographic
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Size of pulp and
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Fragment
mobility
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Fig. 12.45 Synopsis of predictors for healing.
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Essentials

Terminology

• Root fracture

Frequency

• Primary dentition: 2 to 4% of dental injuries
• Permanent dentition: 0.5 to 7% of dental injuries

Etiology

• Fight injuries
• Foreign bodies striking the teeth

History

• Symptoms
• Tenderness from occlusion

Fig. 12.46 Predictors for healing.

Fig. 12.47 Long-term survival of root
fractures. From ANDREASEN &
ANDREASEN (180) 2006.
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Clinical examination

• Mobility
• Dislocation
• Reaction to sensibility tests
• Radiographic examination
• Stage of root development
• Fracture site
• Dislocation
• Single, comminuted fracture

Healing and pathology

• Healing with calcified tissue
• Interposition of PDL
• Interposition of bone and PDL
• Non-healing with interposition of granulation tissue

Treatment

(1) Reposition the coronal fragment, if displaced (Figs
12.27 and 12.28).

(2) Check position of the coronal fragment 
radiographically.

(3) Immobilize the tooth with a semi-rigid splint (e.g. acid-
etch/resin splint).

(4) Control the tooth radiographically and with sensibility
tests.

(5) Maintain the splint for 4 weeks.
(6) Follow-up period minimum 1 year.
(7) If the fracture is located very close to the gingiva, extrac-

tion of the coronal fragment may be indicated, followed
by orthodontic or surgical extrusion of the apical frag-
ment (see Chapter 24). However, in the case of optimal
oral hygiene, a conservative approach comprising per-
manent proximal fixation may be attempted.

Prognosis

• Pulp necrosis: 20–40% (age dependent)
— Treatment of pulp necrosis
— Root canal treatment of coronal fragment (see

Chapter 22, p. 612)
• Pulp canal obliteration: 69–73%
• Root resorption: 60%

— Surface resorption (internal and/or external) is con-
sidered to be a link in fracture healing and requires no
treatment

— External inflammatory resorption and ankylosis
(replacement resorption): very rare
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Terminology, frequency and etiology

Depending on the direction of impact, a variety of luxation
injuries may occur. From a therapeutic, anatomic and prog-
nostic point of view, five different types of luxation injuries
can be recognized (Fig. 13.1).

(1) Concussion: An injury to the tooth-supporting struc-
tures without abnormal loosening or displacement but
with marked reaction to percussion (Fig. 13.1A).

(2) Subluxation (loosening): An injury to the tooth-
supporting structures with abnormal loosening but
without clinically or radiographically demonstrable dis-
placement of the tooth (Fig. 13.1B).

(3) Extrusive luxation (peripheral displacement, partial avul-
sion): Partial displacement of the tooth following the
axis of the tooth out of its socket but without leaving
the socket (Fig. 13.1C). Radiographic examination
always reveals increased width of the periodontal liga-
ment space.

(4) Lateral luxation: Eccentric displacement (other than
axial) of the tooth. This is accompanied by comminu-
tion or fracture of the alveolar socket (Fig. 13.1D, E).
Depending on the angulation of the central beam, radi-
ographic examination may or may not demonstrate
increased width of the periodontal ligament space
(148).

(5) Intrusive luxation (central dislocation): Displacement of
the tooth deeper into the alveolar bone. This injury is
accompanied by comminution or fracture of the 
alveolar socket (Fig. 13.1F). The direction of dislocation
follows the axis of the tooth. Radiographic examination
reveals dislocation of the tooth and sometimes a missing
or diminished periodontal space. In the adult dentition,
an apical shift of the cemento-enamel junction of the
involved tooth can be seen.

The most important clinical difference between intrusive
and extrusive luxation is that in the latter the apex is dis-
placed out of its socket and not through the alveolar bone
socket as in intrusive luxation. Moreover, extrusive luxation
can imply complete rupture or stretching/tearing of the neu-
rovascular supply to the pulp at the apical foramen and the
periodontal ligament fibers are to a great extent severed;
whereas the supporting bone is not affected.

The factors which determine the type of luxation injury
appear to be the force and direction of impact (Fig. 13.2).

Luxation injuries comprise 15–61% of dental traumas to
permanent teeth (1–5).

Clinical findings

In both the primary and permanent dentitions, tooth luxa-
tions primarily involve the maxillary central incisor region
and are seldom seen in the mandible (1–5).

With increasing age, the frequency and pattern of injury
change. In the primary dentition, intrusions and extrusions
comprise the majority of all injuries, a finding which is pos-
sibly related to the high resilience of the alveolar bone at 
this age. In contrast, in the permanent dentition the number
of intrusive luxation injuries is considerably reduced and
usually seen in younger individuals (5).

Most frequently, two or more teeth are luxated simulta-
neously and a number of luxations show concomitant crown
or root fractures (1, 2).

Clinical and radiographic findings for different luxation
injuries are summarized in Table 13.1. While the diagnosis
of luxation injuries is based on the combination of radi-
ographic and clinical findings including sensibility testing
(Table 13.1), diagnostic accuracy increases with multiple
radiographic exposures, where angulation of the central
beam is altered (148).
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Radiographic findings

Radiographic examination is an important adjunct to the
clinical examination, as it can disclose minor dislocations. It
has been shown experimentally that error in the radio-
graphic recording of the distance of dislocation is minimal
if the bisecting angle technique is used (254). Moreover, in
order to obtain reproducible radiographs, film holders
should be employed to standardize exposure technique.
Thus, an average of 6.9% error in measurement of tooth
length was encountered if film holders were not used com-
pared to a 2.0% average error if they were (254). And the
probability of diagnosing displacement (irrespective of
direction) is increased if multiple radiographic exposures

A B C

D E F

Fig. 13.1 Injuries to the periodontal
tissues. A. Concussion. B. Subluxation.
C. Extrusive luxation. D and E. Lateral
luxation. F. Intrusive luxation.

Fig. 13.2 The energy and direction of the impact determine the type of
luxation injury.
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with varying vertical and horizontal angulations of the
central beam are taken of the injured region (254).

Healing and pathology

Most luxations represent a combined injury to the pulp and
periodontium. However, the pathology of luxation injuries
has received little attention. At present, only a few specific
changes can be ascribed to the periodontal ligament after
luxation injury (153–158, 236, 237); whereas pulpal changes
have been studied to a certain extent (6, 91, 99–102,
157–160, 236–238).

Periodontal ligament (PDL)

The histologic response in the periodontal ligament has only
been sparsely studied experimentally. Concussion and sub-
luxation have been induced in rat molars (153, 157, 158) and
in dog incisors (155). Furthermore, extrusive luxations have
been studied in monkeys (156) and rats (157, 158, 238),
whereas intrusions have been analyzed in dogs (154, 236,
237). These studies have revealed the following PDL changes
after trauma (see also Chapter 2, p. 79).

Concussion/subluxation

The general feature is edema, bleeding and sometimes lac-
eration of PDL fibers. The neurovascular supply to the pulp
may or may not be intact. The PDL changes 1 hour after
trauma were characterized by hemorrhage, stretched, torn
or compressed PDL fibers, cell destruction and edema (158).
After 1 day, cell-free zones could be seen in the PDL, bor-
dered by a zone of inflammation. In the bony socket 1 day
after trauma, osteoclastic activity had begun. After 1 week,
this had reached the root surface. After 10 days, the resorp-
tion activity was arrested, leaving healed surface resorption
cavities along the root surface (158).

Extrusive luxation

Immediate changes are characterized by a complete rupture
of the PDL fibers and the neurovascular supply to the pulp.
After 3 days, in monkeys, the split in the PDL, which is
usually seen midway between bone and root surface, is filled
in with a tissue dominated by endothelial cells and young
fibroblasts. In some areas, cell-free zones indicate infarcted
tissue. After 2 weeks, newly formed collagen fibers are seen.
After 3 weeks, the PDL appears normal (156).

Lateral luxation

This comprises a complex injury involving rupture or com-
pression of PDL fibers, severance of the neurovascular
supply to the pulp and fracture of the alveolar socket wall.

Intrusive luxation

The immediate response to intrusion in monkeys appears to
be an extensive crushing injury to the PDL and alveolar
socket and rupture of the neurovascular supply to the pulp
(162). After an observation period of 3 months, some
intruded teeth in dogs showed extensive ankylosis; whereas
others showed areas with surface resorption and otherwise
normal PDL (154, 236, 237).

Pulp

Changes seen in the pulp soon after injury are edema and
disorganization of the odontoblast layer as well as nuclear
pyknosis of pulp cells (6, 238). Perivascular hemorrhage can
be demonstrated within a few hours in human subjects (Fig.
13.3). Such bleeding could be the result of a partially severed
vascular supply. However, in most cases a complete arrest of
pulpal circulation occurs, which leads to ischemia, break-
down of vessel walls, escape of erythrocytes and the even-
tual conversion of hemoglobin to red granular debris which
permeates the pulp tissue and gives it a scarlet red color

Table 13.1 Typical clinical and radiographic findings with different types of luxation injuries.

Type of luxation injury

Concussion Subluxation Extrusion Intrusion Lateral luxation

Abnormal mobility − + + −(+)1 −(+)
Tenderness to percussion + +(−) +(−) − −
Percussion sound normal2 dull dull metallic metallic
Positive response to sensibility testing +/− +/− − − −
Radiographic dislocation − −(+) + + +

1 A sign in parentheses indicates a finding of rare occurrence.
2 Teeth with incomplete root formation and teeth with marginal or periapical inflammatory lesions will elicit a dull percussion sound.
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(102). Ultrastructurally as well, blood vessels with disrupted
or absent endothelium and erythrocyte remnants can be
seen (159).

Histologic evidence of pulp necrosis, including nuclear
pyknosis, disappearance of odontoblasts and stromal ele-
ments can be seen 6 days after injury (Fig. 13.3). This
response is related to either partial or total rupture of the
pulpal neurovascular supply. The later events of pulpal
healing after luxation injury are presently unknown.
However, based on experimental findings after extraction
and replantation of teeth, it might be expected that a gradual
revascularization and reinnervation of the pulp occurs if the
size of the apical foramen is adequate to permit vascular
ingrowth and that intervening infection of the ischemic pulp
does not occur. This process is further described in Chapter
2, p. 84.

If the pulp survives or becomes revascularized, a number
of regressive pulp changes can occur, such as hyalinization
and deposition of amorphous, diffuse calcifications (6, 9,
10). Furthermore, the injury usually interferes with normal
dentin formation. This interference is apparently related to
a number of clinical factors, among which the stage of root
formation and the type of luxation injury seem to be deci-
sive (104, 105, 163, 164).

In teeth with incomplete root development, a distinct
incremental line usually indicates arrest of normal tubular
dentin formation at the time of injury. Most of the dentinal
tubules stop at this line, while the original predentin layer is
often preserved.

After a certain period, apposition of new hard tissue is
resumed, but without the normal tubular structure. This
tissue often contains cell inclusions which maintain their
tubular connections with dentin formed before the injury
(11, 15), as well as vascular inclusions. The junction between
old and new dentin is rather weak, explaining the separation

which may occur in this area during extraction (12–14). This
hard tissue formation often continues to the point of total
obliteration of the root canal (15, 17–25, 106).

Although the calcified cellular tissue which is formed in
response to the injury may resemble bone and cementum,
it lacks the cellular organization characteristic of these
tissues. Due to its tendency to convert to tubular dentin, the
repair tissue has been termed cellular dentin (16). This 
tendency to return to tubular dentin could be related to 
differentiation of new odontoblasts from the primitive 
mesenchymal cells of the pulp. This response is especially
marked in the apical portion of the root canal, possibly due
to the rapid re-establishment of blood supply in this area
after injury (16).

The rate of hard tissue formation is accelerated after
injury, resulting in large amounts of newly formed hard
tissue, especially in the coronal portion.

In the case of luxation of young permanent teeth, bone
can be deposited within the pulp after trauma and is usually
connected to the root canal walls by a collagenous fiber
arrangement imitating a periodontal ligament (239). (See
Chapter 2, p. 90.) This form of healing has been found to be
related to damage or destruction of Hertwig’s epithelial root
sheath (HERS). Such damage can arise from either incom-
plete repositioning, whereby HERS suffers injury due to
ischemia, or by forceful repositioning, whereby all or parts
of HERS are crushed (165).

In mature teeth, the disturbance of the odontoblast layer
can be more severe, with resorption sometimes preceding
deposition of new hard tissue (16–18). Presumably, the time
required for re-establishing vascularization after injury is
longer in a tooth with complete root formation, thus
increasing the damage to the pulp. The cellular hard tissue
formed after the injury rarely assumes a tubular appearance;
this applies especially to the coronal portion.

A B C

Fig. 13.3 Early histologic changes following subluxation of a permanent central incisor. A. Radiograph of left central incisor following subluxation. The
tooth was extracted 6 hours after injury. B. Perivascular bleeding is evident in the apical part of the pulp. ×30. C. Higher magnification of B. ×75.
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In a clinical luxation material, temporary resorption of
bone surrounding the root apex and of dentin within the
apical foramen of extruded and laterally luxated mature
incisors has been described (transient apical breakdown).
Mineralization of these resorption processes could be asso-
ciated with normalization of coronal discoloration and/or
restoration of pulpal sensibility and was significantly related
to later pulp canal obliteration (166) (Figs 13.4, 13.5) (see
Chapter 2, p. 84).

Teeth with incomplete root formation at the time of
injury sometimes show pulp necrosis confined to the
coronal part of the pulp, while the apical portion apparently
survives for some time, ensuring occlusion of the wide apex
with calcified tissue (8, 103) (see Chapter 2, p. 84).

Treatment

Therapeutic measures vary greatly from the primary to the
permanent dentitions and according to the type of injury to
the tooth-supporting structures. In this context, it should be

borne in mind that repositioning and sometimes even
splinting procedures can elicit further trauma. Before repo-
sitioning of a displaced tooth, it is therefore worth consid-
ering whether the repositioning procedure achieves any of
the following goals:

(1) Facilitates pulpal healing?
(2) Facilitates periodontal ligament healing?
(3) Eliminates occlusal interferences?
(4) Improves esthetics?

At least one or more of these objectives should be achieved
by the repositioning procedure, especially if this procedure,
as in the case of lateral luxation, results in further damage
to the site of injury. The use of and effect of treatment pro-
cedures are described in the following chapters on the
various types luxation injury.

Prognosis

The follow-up period can disclose a number of complica-
tions, such as pulp canal obliteration, pulp necrosis, root

A

E F

B C 2 mo

2 mo 9 mo 1 yr 8 yr 2 mo 9 mo 1 yr 2 yr 8 yr

D 8 yr

Fig. 13.4 Root canal surface resorption of the apical foramen after fracture of the alveolar process and extrusion of the left maxillary central and lateral
incisors in a 21-year-old woman. A and B. Clinical and radiographic appearance at the time of injury. C. Clinical appearance 2 months after injury. The
crown of the left central incisor has become gray. E and F. Orthoradial exposures of the central and lateral incisors respectively at 2 months, 9 months,
1 year, 2 years and 8 years after injury. Plus and minus signs on the radiographs indicate positive or negative responses to pulp testing. Red arrows indi-
cate the start of root canal surface resorption and green arrows an arrest of resorption. At the 8-year control, the color of the left central incisor is almost
normal. From ANDREASEN (193) 1989.
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resorption and loss of marginal bone support. A good survey
of these complications has been published by Dumsha
(242). A follow-up schedule whereby healing complications
can be diagnosed and interceptively treated is presented in
Appendix 3, p. 881. However, in order to utilize the sug-
gested recall schedule to full advantage, certain information
must be gathered at the time of injury in order to identify
those cases in which healing complications can be antici-
pated. The information needed for such clinical decisions
will be discussed in the following.

‘Tooth luxation’ as a clinical diagnosis covers a broad
spectrum of injury from a therapeutic, anatomic and prog-
nostic point of view. A multivariate analysis of clinical and
radiographic data registered at the time of injury confirmed
the relevance of the current classification system, in that
each type of injury could be described by a unique survival
curve with respect to the development of pulp necrosis 

following injury (163) (see later). The same classification
system was found useful in describing the luxation injury to
the coronal fragment of a root fracture (193, 194) (see
Chapter 12).

Pulp necrosis

The frequency of pulp necrosis after luxation injuries in the
permanent dentition has been found to range from 15 to
59% (Table 13.2).

Two factors have been found to be significantly related to
the development of pulp necrosis: the type of luxation injury
and stage of root development (3, 163, 196, 197, 242) (Tables
13.3 and 13.4). In these investigations, it was not possible to
demonstrate any effect of treatment upon the development

0 d

1 yr 2 yr 3 yr 5 yr

3 wk 6 wk 4 mo

Fig. 13.5 Transient apical breakdown after extrusive luxation of the maxillary right central and lateral incisors in a 19-year-old man. There is coronal
discoloration of both teeth at the 1- and 2-year controls. Note internal surface resorption of both teeth at the apical foramina (arrows) 4 months and 1
year after injury, which is later followed by apical blunting (external surface resorption) and pulp canal obliteration of the lateral incisor. Plus signs on
radiographs indicate when the incisors regained normal pulpal sensibility. From ANDREASEN (193) 1989.



of pulp necrosis (e.g. repositioning, fixation, antibiotic
therapy).

Type of luxation injury

The greatest frequency of pulp necrosis is encountered
among intrusions followed by lateral luxation and extrusion
(Fig. 13.6) while the least frequent occurrence of pulp necro-
sis was after concussion and subluxation (3, 7, 104, 136, 163,
197) (Table 13.3).

Stage of root development

Pulp necrosis occurs more frequently in teeth with fully
developed roots (3, 7, 104, 136, 163) (Table 13.4 and Fig.
13.6). In teeth with immature root development, slight
movements of the apex can presumably occur without dis-
ruption of the blood vessels passing through the apical
foramen. Moreover, the process of revascularization is more
easily achieved in teeth with a wide apical foramen, thus
favoring the chance of pulp survival.

Fig. 13.6 shows survival curves following luxation injury
according to type of injury and stage of root development
(defined by quarters of anticipated root growth and patency
of the apical foramen). It can be seen that teeth with a con-
stricted apical foramen which have been displaced run a
greater risk of pulp necrosis than do teeth with patent root
apices, where there is a greater possibility of pulpal revascu-
larization. If the stage of root development is expressed as
the mesiodistal diameter of the apical foramen at the time
of injury it is also possible to demonstrate an improved
revascularization potential following extrusion and lateral
luxation with an increase in apical diameter, presumably
reflecting the area of the pulpo-periodontal interface from
which new vessels could proliferate (198).

Regarding the diagnosis of pulp necrosis following luxa-
tions, different chronological patterns are followed for the
various luxation types. Thus, pulp necrosis can be diagnosed
within the first 6 months after concussion and subluxation;
and up to 2 years after injury following extrusion, lateral lux-
ation and intrusion (163), presumably due to difficulties in
radiographic diagnosis related to the extent of damage to the
periodontal structures.

Diagnosis of pulp necrosis

In the permanent dentition, the development of pulp necro-
sis can be associated with symptoms such as spontaneous pain
or tenderness to percussion or occlusion. In clinical material,
where it was possible to compare pulpal histology with clini-
cal and radiographic parameters, it was found that tenderness
to percussion was the only sign which was significantly related
to infected pulp necrosis following tooth luxation (193).
However, pulp necrosis following luxation injuries and root
fractures is normally asymptomatic and the diagnosis must
therefore be based on clinical and radiographic parameters
alone. Transillumination might reveal decreased translucency
(Fig.13.7C).Grey color change in the crown can be seen,which
is especially prominent on the oral surface (Fig. 13.7B). This
may be accompanied by a periapical radiolucency which can be
observed as early as 2–3 weeks after injury; but many cases
show no sign of periodontal involvement radiographically. In
these cases, a sterile necrosis might be suspected. Teeth with
periapical rarefaction almost always represent pulpal infec-
tion, which is dominated by anaerobic microorganisms
(133–135). The diagnosis of pulp necrosis should be further
confirmed by pulpal sensibility tests. However, these findings
can be difficult to interpret or can even be misleading. But if a
pulpal response changes from positive to negative, pulp
necrosis should be strongly suspected.

From previous studies, there appears to be general agree-
ment that lack of pulpal sensibility alone (7, 199–202) or
coronal discoloration alone (199, 201) are not enough to
justify a diagnosis of pulp necrosis. The development of
periapical radiolucency (199, 201, 202) has so far been con-
sidered the only ‘safe’ sign of pulp necrosis. However, more
recent investigations have cast doubt on the validity of the
presently accepted diagnostic criteria (193). Even the con-
comitant presence of all three classical signs of pulp necro-
sis (coronal discoloration, loss of pulpal sensibility and
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Table 13.2 Prevalence of pulp necrosis after luxation of permanent teeth
irrespective type of luxation injury.

Examiner No. of Pulp necrosis
teeth

Skieller (7) 1960 107 44 (41%)
Weiskopf et al. (74) 1961 121 72 (59%)
Anehill et al. (75) 1969 76 18 (24%)
Andreasen (3) 1970 189 98 (52%)
Stålhane & Hedegård (104) 1975 1116 172 (15%)
Rock et al. (97) 1974 200 75 (38%)
Rock & Grundy (178) 1981 517 192 (37%)
Wepner & Bukel (228) 1981 142 30 (21%)
Andreasen & Vestergaard Pedersen 637 156 (24%)

(163) 1985
Oikarinen et al. (196) 1987 147 74 (50%)
Herforth (197) 1990 319 81 (25%)
Crona-Larsson et al. (240) 1991 104 24 (23%)
Robertson (241) 1997 196 34 (17%)

Table 13.3 Prevalence of pulp necrosis according to type of luxation of
permanent teeth. From ANDREASEN & VESTERGAARD PEDERSEN (163)
1985.

Type of luxation No. of teeth Pulp necrosis

Concussion 178 5 (3%)
Subluxation 223 14 (6%)
Extrusive luxation 53 14 (26%)
Lateral luxation 122 71 (58%)
Intrusive luxation 61 52 (85%)

Table 13.4 Prevalence of pulp necrosis after luxation of permanent teeth
according to stage of root development. From ANDREASEN & VESTER-
GAARD PEDERSEN (163) 1985.

Stage of root No. of teeth Pulp necrosis
development

Incomplete 279 21 (8%)
Complete 358 135 (38%)
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Fig. 13.6 Relationship between luxa-
tion diagnosis, stage of root develop-
ment and pulpal healing after trauma.
The sequence of luxations is concus-
sion, subluxation, extrusion, lateral lux-
ation and intrusion. The upper lines
indicate chance of pulpal healing for
teeth with immature root formation,
and the lower lines the chance for teeth
with complete root formation. From
ANDREASEN (193) 1989.

periapical radiolucency) could still, in rare cases, be followed
by pulpal repair (193) (Figs 13.4 and 13.5). For practical
reasons, guidelines for endodontic interventions after luxa-
tion injuries are necessary. In the following, the validity of
various examination procedures will be described.

Electrometric pulp testing

Pulpal sensibility tests have many limitations in diagnosing
pulp necrosis after traumatic dental injuries. Immediately
following trauma approximately half of the teeth with lux-
ation injuries do not respond to sensibility tests (7, 130, 163,
164) (Fig. 13.8). In a recent clinical study, it was found that
a negative response to pulp testing at the time of injury was
closely related to the type of pulpal healing achieved. Thus,
there were significantly more teeth that did not react to elec-
trical stimulation at the time of injury whose root canals
ultimately became obliterated than teeth that survived
injury with no radiographic change (164, 193).

An explanation for the temporary loss of normal
excitability could be pressure or tension on the nerve fibers

in the apical area. If complete rupture of nerve fibers has
occurred, a period of at least 36 days is required before a
positive response can be expected in immature permanent
teeth (67, 130). In mature incisors, the observation period
can be much longer (i.e. 1 year or more) prior to a return
of a positive sensibility response (7, 66, 97, 131, 166, 193)
(Fig. 13.8).

At later follow-up examinations, a previously negative
reaction can return to positive, usually within the first 2
months after injury (130); but a period of at least 1 year can
elapse before pulp excitability returns (7, 66, 166, 193).
While this change in reaction is much more common in
teeth with incomplete root formation than those with 
completely formed roots, longer observation periods can
demonstrate restoration of pulpal sensibility in many
mature permanent incisors (7, 97, 131, 193) (Fig. 13.8).

In rare cases, a previously positive response can 
become negative, a phenomenon usually evident within 2 
months. However, cases have been reported in which a year
or more elapsed before an avital response was recorded 
(7, 130).
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Fig. 13.7 Color changes follow-
ing luxation injuries in the per-
manent dentition
Gray discoloration 3 months after
lateral luxation of a right central
incisor.

Influence of the perpendicular
direction of the light beam 
on the appearance of coronal 
discoloration
The color of the left central incisor is
almost normal when the beam of light
is perpendicular to the long axis of the
tooth. Only the palatal surface is dis-
colored, whereas the labial surface of
the tooth appears normal.

Influence of the axial direction of
the light beam
A shift in color to gray appears when
the light beam is parallel to the long
axis of the same tooth as shown
above. Furthermore, a change in
translucency is evident.

Reversibility of gray discoloration
This laterally luxated left central incisor
shows marked grey discoloration
which becomes normal at a later
follow-up examination.
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Reversibility of red discoloration
The clinical condition is shown 11 days
after injury and at the 5-year follow-
up.

Yellow discoloration due to pulp
canal obliteration
Marked yellow coronal discoloration
seen 10 years after luxation.

Pulp testing using laser Doppler flowmetry

Lately, a new method has been developed whereby a laser
beam can be directed against the coronal aspect of the pulp.
The reflected light scattered by moving erythrocytes under-
goes a Doppler frequency shift. The fraction of light scat-
tered back from the pulp is detected and processed to yield

a signal. The value of this method in determining pulp vital-
ity has been demonstrated clinically (203–207) (see Chapter
9, p. 267). However, the equipment necessary for this pro-
cedure is quite costly and needs further refinement before it
can be of general clinical value. Moreover, it has demon-
strated false negative responses in the case of discolored vital
teeth (see Chapter 9, p. 267).

A. 46 subluxated teeth with incomplete
     root formation

Positive
vitality test

Negative
vitality test

Follow-up
findings

Immediately after
injury

B. 37 subluxated teeth with completed
    root formation

20 17

6

2

Follow-up
findings

Immediately after
injury

27 19

15

2

Fig. 13.8 Diagrams illustrating electrometric sensibility reactions following subluxation of permanent teeth. After SKIELLER (7) 1960.
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Clearly, the diagnosis of pulp necrosis cannot be based
upon sensibility tests alone, but should include additional
findings, such as progressive grey discoloration of the crown,
reaction to percussion, periapical radiolucency or cessation
of root development.

Color changes in the crown

Post-traumatic color change is a well-known phenomenon
(9, 68–70). These changes can range from a lack of translu-
cency to pink, bluish or grey discoloration (Fig. 13.7). Fish
(71) offered an explanation for the pathogenesis of some of
these changes, suggesting that an injury that was not strong
enough to rupture the arteries passing through the apical
foramen could occlude or sever the thin-walled veins.
Hence, blood continues to be pumped into the canal,
causing hemorrhage in the pulp and later diffusion into the
hard dental tissues. Another explanation has been that
occlusion or rupture of the apical vessels due to trauma leads
to ischemia with breakdown of capillaries and subsequent
escape of erythrocytes into the pulpal tissue (102).

When the injury displaces the tooth (e.g. intrusive or extru-
sive luxation), apical vessels are instantly severed with no
extravasation of blood into the pulpal tissue and, thus, no
immediate discoloration (73). In the case of moderate injury,
where disruption of the vascular supply is less than total,
ischemia can lead to increased vascular permeability.
However, the same phenomenon could occur in the case of
healing, as the immature vessels invading the avascular, trau-
matized pulp lack a basement membrane and are thereby
incompetent until vessels mature (208–214). In this case, the
ingrowing vessels can still carry blood to pulpal tissues, but
blood and blood products could spill out into the stroma
(193). In a recent clinical study, temporary grey coronal dis-
coloration following luxation of mature permanent incisors
was described (166, 193). These changes and their normaliza-
tion could, in same cases, be associated with concomitant loss
and restoration of pulpal sensibility, appearance and disap-
pearance of apical radiolucencies and ultimately with pulp
canal obliteration. It was suggested that, in the absence of
infection, these transient changes could be links in a chain of
events leading to pulpal healing. However, if bacteria gained
access to the injured avascular pulp, permanent coronal dis-
coloration might then be attributed to autolysis of the
necrotic pulp and extravasation of these products into dentin.

Experimental findings indicate that hemoglobin break-
down products enter dentinal tubules (72). This penetration
initially alters the crown color to a pinkish hue (Fig. 13.7E).
As the hemocomponents disintegrate, the color turns bluish
which, when seen through the grey enamel, gives a greyish-
blue tinge (Fig. 13.7A, B). This shift from pink to greyish-
blue takes approximately 2 weeks in the permanent
dentition (9). A certain fading of the grey-blue tint can
occur, or an opaque grey hue can persist (9). If the pulp sur-
vives, the stain can disappear (70) (Fig. 13.7D, E).

Late color changes can occur if the pulp canal becomes
obliterated. In these cases, the color of the crown shifts to a
yellow hue (3) (Fig. 13.7D–F).

Radiographic changes

Apical radiolucency

The typical change reflecting a necrotic and infected pulp 
is a widened periodontal ligament space or an apical radio-
lucency. These changes may develop as early as 2 to 3 weeks
after injury and are caused by infection-induced release of a
number of osteoclast activating factors (217) (see Chapter
4, p. 151).

Transient apical breakdown (TAB)

In recent years, temporary apical radiographic changes in
the region of the apical foramen following acute dental
trauma and in connection with healing have been described
and termed transient apical breakdown (TAB) (166, 193,
217, 243, 245) (Figs 13.4 and 13.5).

It would seem that as a result of displacement of the root
after luxation (or of the coronal fragment of a root fracture),
the vascular supply at the apical foramen (or ‘fracture
foramen’ in a root fracture) could be partially or totally
severed, leading to ischemic changes in the pulp. This would
in turn lead to wound healing response and release of osteo-
clast-activating factors (see Chapter 4, p. 148). Subsequent
resorption of hard tissue (dentin, cementum and alveolar
bone), presumably at the interface between the vital and
necrotic tissue, could then result either in an increase in the
periodontal ligament space immediately adjacent to the
injured apical foramen or an increase in the diameter of the
apical foramen in the case of extrusion or lateral luxation of
teeth with completed root formation. This event might be
seen as a way to gain space to accommodate vascular
ingrowth into the root canal. Presumably once repair has
reached the remodelling phase, the resorption processes
resolve. This can be seen as a normalization of the radio-
graphic condition within the root canal (i.e. hard tissue dep-
osition in the previous resorption process and occasionally
pulp canal obliteration) and restoration of a normal apical
periodontal ligament space (217, 243, 245) (Figs 13.4 and
13.5).

It might be speculated whether delay in treatment after
the appearance of an apical radiolucent zone would worsen
the prognosis of future endodontic therapy. However, it has
been found that the success rate of endodontic therapy 
of teeth demonstrating periapical radiolucencies can 
be equal to the success rate of teeth treated before the 
development of manifest radiographic change, at least 
when the former are initially treated with calcium hydrox-
ide prior to final gutta percha root filling (versus immediate
gutta percha root filling) (218). Thus, it appears that there
would be limited risk of healing complications in the event
of late endodontic therapy (i.e. up to 1 year after injury),
delayed in anticipation of pulpal repair in selected patient
categories (i.e. extrusive and lateral luxation of mature 
incisors). However, a possible risk is the development of pro-
gressive root resorption in the obserevation period. The
magnitude of this risk is not yet known.
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Guidelines for the diagnosis of irreversible 
pulp necrosis

The diagnosis of pulp necrosis should be based on prima-
rily two or more of the following signs: crown discoloration,
negative sensibility testing (electrometric and/or laser
Doppler) and periapical radiolucency. In this regard, the
importance of transient negative sensibility testing should
be considered (i.e. a minimum of 2–3 months’ observation).
If these criteria are used, a certain percentage of mistakes
will be made where pulps under revascularization are extir-
pated. The risk of this phenomenon is possibly about 1 in
10 cases (160). Finally, prophylactic active pulp extirpation
may be indicated to prevent crown discoloration and/or
progressive root resorption; this applies especially to teeth
with completed root formation suffering from lateral luxa-
tion and intrusion (Fig. 13.9).

Guidelines for observation without 
endodontic intervention

In selected cases, a conservative approach might be indi-
cated, whereby active treatment can be avoided (193).

As long as the following conditions are met, a tooth with
one or more signs of pulp necrosis could be observed for
pulpal repair over a longer period of time (up to approxi-
mately 1 year):

(1) The patient is at low risk of inflammatory resorption
(i.e. over 10 years of age, has completed root formation
and has not suffered intrusive luxation) (193, 219).

(2) The injury type and stage of root development (extru-
sion and lateral luxation of teeth with completed root
development) imply that transient apical changes might
be anticipated (166).

Fig. 13.9 Relationship between pulp
canal obliteration, pulp survival with
no radiographic change and pulp
necrosis in teeth with incomplete 
and completed root formation (open or
closed apex). From ANDREASEN et al.
(164) 1987.
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Fig. 13.10 A. Radiographic illustration of the various stages in pulp canal obliteration (PCO). Extrusive luxation of the maxillary right central incisor and
avulsion of the maxillary left central incisor in a 6-year-old boy. Onset of PCO is seen 6 months after injury. Total PCO of right incisor, partial PCO of left
incisor is found 1 year after injury. B. Radiographic demonstration of the various stages in PCO. Lateral luxation of a mandibular right central incisor in
a 10-year-old boy. Partial PCO is seen 1 year after injury and total PCO after 5 years. From ANDREASEN et al. (164) 1987.

(3) Neither prosthetic treatment nor orthodontic therapy is
planned to immediately involve the injured tooth. As
the clinical and radiographic signs previously described
are assumed to reflect healing processes within the pulp,
presumably because of a temporary disruption of the
neurovascular supply, the additional trauma of crown

preparation or orthodontic tooth movement might be
anticipated to shift the balance of pulpal survival 
unfavorably.

(4) As it is not presently possible to adequately evaluate
pulpal status following dental luxations, the possibility of
asymptomatic sterile pulp necrosis must not be ignored.



Luxation Injuries of Permanent Teeth 385

ference in sensibility threshold between paired incisors with
and without pulp canal obliteration up to 5 years after injury
(164). Nevertheless, with longer observation periods there is
a tendency to higher thresholds or absence of reaction in
pulp canal obliterated teeth.

The first radiographic sign of obliteration is reduction in
the size of the coronal pulp chamber, followed by gradual
narrowing of the entire root canal, occasionally leading to
partial or complete obliteration (Fig. 13.10). However, his-
tologic examination of these teeth always shows a persisting
narrow root canal. Normalization of temporary apical 
radiolucencies, as described earlier, has been found to be 
significantly related to pulp canal obliteration in mature
permanent incisors. This apparently reflects the wound
healing processes involved in revascularization and reinner-
vation of the injured pulp (166) (Fig. 13.4).

Pulp canal obliteration usually appears between 3 to 12
months after injury (Fig. 13.10). It has been shown that two
types of pulp canal obliteration exist. In partial canal oblit-
eration, the coronal part of the pulp chamber is not dis-
cernible, while the apical part is markedly narrowed but still
discernible (Figs 13.10, 13.11). In total canal obliteration, the
pulp chamber and root canal are hardly (or not at all) dis-
cernible (105) (Fig. 13.11).

As with pulp necrosis, pulp canal obliteration is deter-
mined by the type of luxation injury and stage of root devel-
opment at the time of injury (164, 246) (Fig.13.9). Pulp canal
obliteration appears to be more frequent after luxation
injuries with displacement and in teeth with incomplete root
formation (164, 246) (Fig.13.9).

In contrast to pulp necrosis, where no treatment effect at
the time of injury could be established, pulp canal oblitera-
tion was found to be significantly related to the type of fix-
ation used (164). Prior to the use of acid-etched splinting
techniques, orthodontic bands were cemented onto the
traumatized and adjacent teeth and united with cold-curing
acrylic (Fig. 13.12). There was a significant relationship
between the use of this type of splint and this healing com-
plication, presumably reflecting additional injury to the
already traumatized periodontium due to forceful place-
ment of the bands. In some cases, displacement of initially
non-displaced traumatized incisors could be demonstrated
after orthodontic band/acrylic fixation (Fig. 13.12).

A late complication following pulp canal obliteration is
the development of pulp necrosis and the occurrence of peri-
apical changes and this has been found to occur in 7–16% of
cases (3, 78, 79, 105, 141, 246) (Figs 13.13A,B and 13.14, Table
13.6). The pathogenesis of this complication is still obscure
(246). Minor injuries are probably able to sever the vulnera-
ble vascular supply at the constricted apical foramen, or the
pulp vessels are progressively occluded due to hard tissue for-
mation. Caries and restorative treatment have been sus-
pected to lead to pulp necrosis; but no certain link could be
demonstrated in a recent study (246) (Table 13.6). Several
clinical investigations have recorded secondary pulp necrosis
following pulp canal obliteration in 7–16% of cases.
However, no distinction was made between new trauma, sec-
ondary caries and/or crown preparation. A recent clinical
investigation with an average observation period of up to 10

Table 13.5 Frequency of pulp canal obliteration after luxation injuries
irrespective type of luxation.

Examiner No. of No. with 
teeth pulp canal

obliteration

Andreasen (3) 1970 189 42 (22%)
Gröndahl et al. (140) 1974 320 77 (24%)
Herforth (130) 1976 161 57 (35%)
Stålhane & Hedegård (104) 1975 1116 67 (6%)
Rock & Grundy (178) 1981 517 83 (16%)
Wepner & Bukel (228) 1981 142 12 (8%)
Lawnik & Tetsch (225) 1983 246 20 (8%)
Posukidist & Lehmann (226) 1983 162 25 (15%)
Andreasen et al. (164) 1987 637 96 (15%)
Oikarinen et al. (196) 1987 147 40 (27%)
Herforth (197) 1990 319 106 (33%)
Crona-Larsson et al. (240) 1991 103 3 (3%)
Robertson (241) 1997 196 36 (18%)

It is therefore of utmost importance that the patient be
thoroughly informed regarding the diagnostic problems
involved and the consequent need for extra follow-up
examinations – and is willing and able to cooperate. If
there is any doubt as to the possibility of recalling the
patient, endodontic therapy rather than ‘observation
therapy’ should be the treatment of choice (193).

Treatment of pulp necrosis

This subject is discussed in detail in Chapter 22, p. 598.

Pulp canal obliteration

Pulp canal obliteration is related to the process of pulpal
revascularization after tooth luxation. In that respect, the
speed of obliteration appears to be associated with the
degree of dislocation at the time of injury (Fig. 13.10).

Pulp canal obliteration can be regarded as a response to a
severe injury to the neurovascular supply to the pulp which,
after healing, leads to an accelerated dentin deposition and
is frequently encountered after luxation injuries of perma-
nent teeth (3, 20, 34, 35, 76, 77, 104–106, 141–143, 164, 178,
196, 225–227) (Table 13.5). Pulp canal obliteration is
strongly related to the severity of the luxation injury, being
especially common in severely mobile or dislocated teeth
(104, 164, 178). It would appear to be a phenomenon which
is closely related to the loss and reestablishment of pulpal
neural supply (193), as it is rarely seen when there is no
tooth displacement and thus little damage to the pulpal neu-
rovascular supply (i.e. concussion and subluxation). More-
over, this complication mainly involves teeth injured before
completion of root formation (3, 164) (Fig. 13.9).

A clinical manifestation of pulp canal obliteration is a
yellow discoloration of the crown (Fig. 13.7F). Response to
thermal sensibility tests has been reported to be lowered or
absent (78, 130); and response to electrical stimulation is
also reported decreased and often absent (78, 105, 141).
However, a recent clinical investigation could find no dif-
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years reported a frequency of 9%. No clear relationship could
be made to factors, such as dental caries, crown preparation,
orthodontics or new trauma (246). However, the general
annual trauma incidence of approximately 1% could possi-
bly explain that new traumas might present a hazard for a
compromised dental pulp. It has also been reported that sec-
ondary pulp necrosis was only found in teeth with total canal
obliteration and especially in those teeth which showed rapid
obliteration after injury (i.e. total canal obliteration within 2
years after injury). Moreover, complicating pulp necrosis was
common in teeth with completed root formation and with
severe periodontal injury at the time of trauma (105).

While early prophylactic pulp extirpation and endodon-
tic intervention can prevent periapical lesions, the rather low
frequency of this complication does not support such early
intervention measures (164, 229–232). The endodontic con-
siderations of pulp canal obliteration are further discussed
in Chapter 22, p. 639.

Internal bone formation (pulp bone)

In cases with severe injury to both the pulp and the
Hertwig’s epithelial root sheath, invasion of bone and peri-
odontal ligament into the pulpal cavity may be seen (239)
(see Chapter 2).

Treatment delay

Delay in treatment seems to play a questionable role in the
frequency of healing complications. In cases of alveolar frac-
tures, treatment delay appears to be related to pulp necrosis
and root resorption (6). Concerning jaw fractures, four
studies showed no significant difference between immediate
and delayed treatment (126, 154–156). One study showed a

preference for healing for cases treated within 3 days (153),
whereas another study indicated that treatment times
between 3 and 5 days were optimal, with the lowest rate of
complications (97). In conclusion, there is presently no
strong evidence for either acute or delayed treatment of
mandibular fractures in order to minimize healing compli-
cations; new studies including a number of cases treated on
an acute basis are needed (157).

Root resorption

A late complication following luxation injuries in the per-
manent dentition is root resorption (29, 70, 80, 163, 217,
233) (Table 13.7). The diagnosis of root resorption is
entirely dependent upon a radiographic examination. In
vitro studies have shown that radiographic demonstration
of defects on the root surface is dependent upon the size and
position of the defect, with 0.5 mm being the critical size

0 d 2 mo 1 yr

Fig. 13.11 Partial pulp canal obliteration after extrusion of 2 central incisors. Partial canal obliteration is evident after one year.

Table 13.6 Frequency of necrosis secondary to pulp canal obliteration in
permanent teeth irrespective of type of luxation injury.

Examiner Observation No. of Pulp
period teeth necrosis
yr. (mean)

Holcomb & Gregory 4 41 3 (7%)
(78) 1967

Andreasen (3) 1970 1–12 (3.4) 42 3 (7%)
Stålhane (141) 1971 13–21 76 12 (16%)
Jacobsen & Kerekes 10–23 (16.0) 122 16 (13%)

(105) 1977
Robertson et al. 7–22 (16) 82 7 (9%)

(246) 1996
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0 d 1 yr0 d + fixation

Fig. 13.12 Canal obliteration as a
probable effect of orthodontic splint-
ing. Subluxated maxillary right central
incisor in a 9-year-old girl. After ortho-
dontic band fixation, it can be seen
that the root apex is displaced. There
is pulp canal obliteration 1 year after
injury. From ANDREASEN et al. (164)
1987.

0 d 1 yr 15 yr 20 yr
A

Fig. 13.13 A. Pulp canal oblitera-
tion (PCO) followed by secondary
pulp necrosis. The extruded central
incisor is seen to develop PCO.At the
20 year follow-up examination, pulp
necrosis and a periapical rarefaction
have developed. B. Pulp survival in
relation to canal obliteration. From
ROBERTSON et al. (246) 1996. B
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Fig. 13.14 Extrusive luxation of
permanent incisors leading to pulp
obliteration and complicating pulp
necrosis. A. Condition immediately
after reduction and fixation. B. At
follow-up 12 years later pulp canal
obliteration and periapical inflam-
mation are evident. C. Histologic
specimen including apex of left
central incisor. ×10. D. Periapical
inflammation. ×30. E. Extensive
hard tissue formation following
injury. The pulp tissue is necrotic.
×75. F. Higher magnification of E.
A few dentinal tubules in the post-
traumatic hard tissue can be rec-
ognized (arrows). ×195.

Table 13.7 Frequency of progressive root resorption after luxation of permanent teeth irrespective
type of luxation.

Examiner No. of Progressive root
teeth resorption (ankylosis and

inflammatory resorption)

Skieller (7) 1960 107 6 (6%)
Andreasen (3) 1970 189 21 (11%)
Stålhane & Hedegård (104) 1975 1116 16 (1%)
Rock & Grundy (178) 1981 517 37 (8%)
Andreasen & Vestergaard Pedersen (163) 1985 637 47 (7%)
Oikarinen et al. (196) 1987 147 27 (18%)
Crona-Larsson et al. (240) 1991 104 15 (14%)

Root surface resorption (external 
root resorption)

The damage inflicted to the periodontal structures and the
pulp by luxation injuries can result in various types of root

(254). Subtraction radiography does not seem to provide
additional information (247, 248).

Root resorption can be classified into various types such
as root surface resorption and root canal resorption (Figs
13.15 and 13.16).



Fig. 13.15 External root surface
resorption. Three types of root surface
(external) resorption may develop sub-
sequent to trauma: surface resorption,
inflammatory resorption and ankylosis.
After ANDREASEN & ANDREASEN
(217) 1991.

Fig. 13.16 Root canal resorption. Three types of root canal (internal) resorption may develop subsequent to trauma: internal surface resorption, inter-
nal inflammatory resorption, and internal ankylosis. After ANDREASEN & ANDREASEN (217) 1991.
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surface resorption. The etiology and pathogenesis of
these complications seem to be identical to root resorption
following replantation of avulsed teeth (see Chapter 17,
p. 450). Three types of external root resorption can be 
recognized.

Surface resorption (repair-related resorption)

The root surface shows superficial resorption lacunae
repaired with new cementum. These lacunae have been
termed surface resorption. It has been suggested that they
occur as a response to a localized injury to the periodontal
ligament or cementum (3, 81). In contrast to other types 
of resorption, surface resorption is not progressive, self-
limiting and shows spontaneous repair. Surface resorptions
are not usually seen on radiographs due to their small size;
however, it is sometimes possible to recognize small excava-
tions of the root surface delineated by a normal lamina dura
(3) (Fig. 13.17). When visible, these resorption cavities are

usually confined to the lateral surfaces of the root, but may
also be found apically, resulting in a slight shortening of
the root.

Ankylosis (replacement resorption)

Ankylosis is a rare finding with luxation injuries except for
intrusive luxations (Table 13.8) A direct union between
bone and root substance is seen, with the root substance
gradually being replaced by bone (Figs 13.18 and 13.19).
Disappearance of the periodontal space and progressive 
root resorption are typical radiographic findings (3) (Fig.
13.18).

Inflammatory resorption

Histologically, bowl-shaped areas of resorption of both
cementum and dentin are seen together with inflammation

0 d 6 wk 1 yr

Fig. 13.17 Surface resorption following intrusive luxation of right central incisor. Six weeks after injury multiple small resorption cavities are evident
along the root surface (arrows). One year after injury repair is evident with re-establishment of the periodontal space adjacent to the resorption areas.
From ANDREASEN (3) 1970.

Table 13.8 Prevalence of external root resorption related to luxation diagnosis. From ANDREASEN
& VESTERGAARD PEDERSEN (163) 1985.

No. of Surface Inflammatory Ankylosis
teeth resorption resorption resorption

Concussion 178 8 (4%) 0 (0%) 0 (0%)
Subluxation 223 4 (2%) 1 (0.5%) 0 (0%)
Extrusive luxation 53 3 (6%) 3 (6%) 0 (0%)
Lateral luxation 122 32 (26%) 4 (3%) 1 (1%)
Intrusive luxation 61 15 (24%) 23 (38%) 15 (24%)



0 d 1 mo 1 yr

Fig. 13.18 External replacement resorption as a sequel to lateral luxation. At the time of removal of the splint one month later there is no evidence of
root resorption. At the 1 year follow-up, ankylosis is evident distally.
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Fig. 13.19 Replacement resorp-
tion following intrusive luxation of
the left permanent incisors. Pro-
gression of replacement resorption
is seen over 21/2 year period.At this
time both incisors were extracted.
E. Low power view of sectioned
lateral incisor. ×8. F. Vital pulp
tissue. ×75. G. Marked posttrau-
matic dentin formation containing
few dentinal tubules (arrows).
×75. H. Ankylosis area with appo-
sition of bone. ×30.
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of adjacent periodontal tissue. The inflammation and
resorption activity are apparently related to the presence of
infected, necrotic pulp tissue in the root canal (Fig. 13.20).
Radiographically, root resorption with an adjacent radio-
lucency in bone is the typical finding (3) (Fig. 13.20).

In summary, external root resorption is most commonly
seen after intrusive luxation. However, this can also be found
following severe lateral luxations (163). Subluxation 
yields the lowest frequency of resorption, primarily in the
form of surface resorption, and intrusion the highest fre-
quency and with frequent occurrence of inflammatory and
replacement resorption (3, 7, 93, 104, 163, 170) (Table 13.8).
This reflects a correlation between the degree of injury to
the periodontal structures and root resorption (see Chapter
2, p. 76).

For treatment of external root resorption, see Chapter 22,
p. 632.

Cervical root surface resorption

This resorption entity can have many etiologies, with
trauma being one of the most frequent (249, 250). Bleach-
ing has also been found to lead to this complication (249,
250). (See Chapters 22 and 33.)

Root canal resorption (internal root 
resorption)

Root canal resorption is a rather unusual finding (35, 82,
83, 85, 217, 247) and has been recorded in only 2% of
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Fig. 13.20 Inflammatory resorp-
tion following extrusive luxation of
a left lateral incisor. A. Condition
immediately after reduction and
splinting. B. Six months later. Note
periradicular radiolucency as well
as root resorption. C. Low power
view of sectioned incisor removed
6 months after injury. ×7. D.
Resorption area with inflammation
in the connective tissue and
epithelial proliferation. ×75. E.
Abscess bordering coronal necrotic
pulp tissue. ×195. F and G. Surface
resorption repaired with new
cementum. ×195. H. Complete
autolysis of pulp tissue. ×75.
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re-examined luxated permanent teeth (3). This resorption
type is also seen in the primary dentition (144). In the radio-
graphic diagnosis of internal root resorption, one must 
consider that root surface resorption located labially or lin-
gually on the root can mimic internal resorption as it is
superimposed over the root canal (145–147). It is therefore
necessary to take supplementary mesial and distal eccentric
radiographs of the root. If the resorption cavity does not
change position, it is located centrally in the tooth indicat-
ing root canal resorption.

Root canal resorption can be classified as follows 
(Fig. 13.16).

Root canal replacement resorption

This resorption type is characterized radiographically by an
irregular enlargement of the pulp chamber (84, 85) (Fig.
13.21). A variant has been termed internal tunnelling re-
sorption. This resorption is usually found in the coronal
fragment of root fractures (234), but may also occur after
luxation (Fig. 13.22). The typical feature of this resorption
is a tunnelling resorption process next to the root canal.
After some time the resorption process becomes arrested
and complete pulp canal obliteration takes place.

Histologically, the teeth show metaplasia of the normal
pulp tissue into cancellous bone. The continuous rebuilding
of bone at the expense of dentin is responsible for the
gradual enlargement of the pulp chamber (15, 86). This
resorption type should just be observed as they tend not to
progress (Fig. 13.22).

Root canal inflammatory resorption

This resorption type is radiographically characterized by an
oval-shaped enlargement within the pulp chamber (87–89,

91, 113, 129) (Fig. 13.23). This type of resorption is usually
found in the cervical aspect of the pulp. If initial resorption
is located in the apical aspect, it is often a sign of active
revascularization (internal surface resorption) and not
inflammatory resorption (166, 193, 234) (see p. 376).

Histologically, a transformation is seen of normal pulp
tissue into granulation tissue with giant cells resorbing the
dentinal walls of the root canal, advancing from the denti-
nal surface towards the periphery (Fig. 13.23). A zone of
necrotic pulp tissue is usually found coronal to the resorb-
ing tissue. This necrotic zone, or dentinal tubules contain-
ing bacteria, is apparently responsible for maintaining the
resorptive process.

It should be emphasized that progression of root canal
resorption depends upon the interaction between necrotic
and vital pulp tissue at their interface. Consequently, root
canal treatment should be instituted as soon as possible after
root canal resorption has been diagnosed unless the resorp-
tion cavity is located in the vicinity of the apical foramen
and suspected of being related to pulpal revascularization
(see Chapter 22, p. 598).

Loss of marginal bone support

The post-traumatic course following intrusive or lateral 
luxation is often complicated by temporary or permanent
changes in the marginal periodontium. A frequency of
5–24% was found among luxated permanent teeth (163,
196) (Table 13.9). If broken down according to specific lux-
ation categories, 5% of laterally luxated and 31% of intruded 
permanent incisors demonstrated this complication (163)
(Table 13.10). It has been found that the repositioning pro-
cedure following intrusive luxation plays an important role

0 d 3 mo 10 yr

Fig. 13.21 Internal replacement resorption as a sequel to extrusive luxation. At re-examination 10 years later internal replacement resorption is evident
(arrow). From ANDREASEN (3) 1970.
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in periodontal healing. Thus, immediate surgical reposi-
tioning (i.e. complete repositioning at the time of injury) of
the intruded mature incisors results in slightly greater loss
of marginal bone and a higher frequency of ankylosis com-
pared to orthodontic extrusion. The best results have been
found in relation to marginal bone healing (in case of
spontaneous eruption) compared to surgical or orthodon-
tic repositioning (251–253).

Permanent or transient marginal breakdown

Loss of marginal support is a common healing complication
following lateral luxation. It becomes clinically evident with
the appearance of granulation tissue in the gingival crevice

and sometimes secretion of pus from the pocket. Probing
the pocket reveals a loss of attachment. Radiographically,
rarefaction and loss of supporting bone is seen. This clini-
cal situation might represent the first phase of the healing
process in a traumatized periodontium, namely the resorp-
tion of traumatized bone. After 6–8 weeks, repair of the peri-
odontium takes place with reattachment of new periodontal
fibers (Fig. 13.24). This condition has been termed transient
marginal breakdown (TMB) (251–253). If signs of marginal
bone loss are evident, the fixation period following lateral
luxation should be extended until the situation has resolved
(Fig. 13.25).

If there has been injury to the marginal bone, it is essen-
tial that optimal oral hygiene be maintained throughout the
healing period. If there is secretion of pus, the pocket should

3 wk 6 mo 2 yr 3 yr18 mo

Fig. 13.22 Internal replacement resorption (tunnelling resorption variant) developed in an extruded and repositioned left central incisor. Tunnelling
resorption is evident after 6 months, but gradually disappears. Courtesy of Dr. B. MALMGREN, Eastman Institute, Stockholm.

A B C

Fig. 13.23 Internal inflammatory root resorption in a lateral incisor possibly caused by a luxation injury sustained 18 years previously. A. Radiograph
showing marked internal inflammatory resorption. B. Histologic section of removed incisor. ×6. C. Active resorption of dentin by multinucleated cells.
×195.
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be rinsed with saline. Moreover, oral rinsing with chlorhex-
idine should be instituted.

Where sequestration of bone occurs during the healing
period, permanent loss of marginal bone can be 
expected.

Delayed reduction of luxated teeth seems to increase the
risk of damage to the supporting structures (3) (Fig. 13.26).
Further, it has been found that loss of marginal bone
support increases with increasing age of the patient, dura-
tion of the splinting period and the extent of displacement
(140, 196, 252).

Essentials

Terminology (Fig. 13.1)

• Concussion
• Subluxation (loosening)
• Intrusive luxation (central dislocation)
• Extrusive luxation (peripheral dislocation, partial avul-

sion)
• Lateral luxation

Frequency

• Permanent dentition: 15–40% of dental injuries
• Etiology
• Fall injuries
• Fight injuries
• History
• Symptoms
• Pain with occlusion

Clinical examination (Table 13.1)

• Direction of dislocation
• Mobility testing
• Response to percussion
• Response to sensibility tests

Radiographic examination

• Several projections necessary

Table 13.9 Frequency of loss of marginal bone support after luxation of
permanent teeth irrespective type of luxation injury.

Examiner No. of Loss  of 
teeth marginal

bone support

Andreasen & Vestergaard 637 34 (5%)
Pedersen (163) 1985

Oikarinen et al. (196) 1987 147 35 (24%)

Table 13.10 Frequency of loss of marginal bone support related to type
of luxation injury (Andreasen & Vestergaard Pedersen (163) 1985.

No. of teeth Loss of marginal
bone support

Concussion 178 0 (0%)
Subluxation 223 3 (1%)
Extrusive luxation 53 3 (6%)
Lateral luxation 122 9 (7%)
Intrusive luxation 61 19 (31%)

0 d 6 wk 1 yr 1 yr

Fig. 13.24 Transient destruction of marginal bone around a left central incisor after lateral luxation. At time of injury there is displacement of the tooth
in its socket (arrow). Six weeks later, extensive marginal and apical bone destruction is evident (arrows). Clinically, a pathologic deepening of the gin-
gival crevice of 10mm is found lingually. At follow-up one year later, marginal bone formation can be seen accompanied by normal pocket depth.
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Pathology

• PDL changes varying from bleeding, PDL rupture to com-
pression necrosis

• PDL changes,depending upon interference with the neuro-
vascular supply (i.e. partial or total ischemia), leading 
to:
— Pulpal healing
— Pulpal revascularization
— Partial pulp necrosis
— Total pulp necrosis

Root surface (external) resorption

• Surface resorption (repair-related resorption)
• Inflammatory resorption (infection-related resorption)
• Replacement resorption (ankylosis)

Root canal (internal) resorption

• Internal replacement resorption
• Internal inflammatory resorption

A B

Fig. 13.25 Loss of marginal support-
ing bone as a result of intrusive luxa-
tion. Radiograph at the time of injury
reveals intrusive luxation of both right
incisors. The teeth were repositioned
and splinted. Three months later a
marked loss of supporting marginal
bone has occurred. From ANDREASEN
(3) 1970.

A B

Fig. 13.26 Loss of supporting bone
as a result of delayed reduction of an
extruded central incisor. A. Condition
at time of admission. The tooth had
been luxated 7 days previously. B. Two
months later a periodontal pocket
extends to the apex. A gutta-percha
point is inserted in the periodontal
pocket lingually.
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Prognosis

• Pulp necrosis: 15–52%
— Risk groups: dislocated mature teeth
— Treatment of pulp necrosis: see Chapters 22 and 23

• Pulp canal obliteration: 3–35%
— Risk groups: extremely mobile or dislocated teeth with

immature root formation
• Root surface resorption: 1–18%

— Risk groups: intrusions
— Treatment of external root resorption: see Chapter 22,

p. 636
• Root canal resorption: 2%

— Treatment of internal root resorption: see Chapter 22,
p. 639

• Loss of supporting bone: 5%
— Risk groups: intrusion and lateral luxation
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Definitions

Concussion

An injury to the tooth-supporting structures without abnor-
mal loosening or displacement of the tooth, but with
marked reaction to percussion (Fig.14.1).

Subluxation (loosening)

An injury to the tooth-supporting structures with abnormal
loosening, but without displacement (Fig. 14.2).

Frequency

In a study from a larger trauma center, frequencies of
23% and 21% were found for concussion and subluxa-
tion respectively (6).

Healing and pathology

In luxation injuries only minor damage has occurred in the
periodontium. In the case of concussion the impact has
resulted in bleeding and edema which makes the tooth sen-
sitive to occlusal forces and to a percussion test. However,
abnormal mobility is not present (Fig. 14.3).

In the case of subluxation some damage (rupture) to lig-
ament fibers has occurred which makes the tooth mobile in
horizontal direction and sometimes also with a small com-
ponent in vertical direction (Fig. 14.3).

Concussion

The patient complains that the tooth is tender to touch.
Clinical examination reveals a marked reaction to percus-

sion in horizontal or vertical direction (Fig. 14.3). The tooth
shows, however, no abnormal mobility. There is no bleeding
from the gingival sulcus. The tooth usually responds posi-
tively to sensibility tests.

Subluxation

Subluxated teeth retain their normal position in the dental
arch. However, the tooth is mobile in a horizontal direction
and sensitive to percussion and occlusal forces. Hemorrhage
from the gingival crevice is usually present, indicating
damage to the periodontal tissue (Fig. 14.3). The tooth
usually responds to sensibility tests.

Radiographic findings

Usually no changes can be seen in the configuration of the
periodontal ligament space. However, in cases with marked
mobility (grade 3 including vertical mobility) a slight
widening of the PDL space may be seen.

Treatment

Concussion/subluxation

Treatment may be confined to occlusal grinding of
the opposing teeth and by repeated pulp tests during the
follow-up period (see Appendix 3, p. 881, for follow-up
schedule for the various types of luxation injuries) (Fig.
14.4). While splinting is not needed following these minor
injuries, in the case of multiple tooth injuries these teeth
may be included in the splint with no risk of damage to the
periodontal ligament by the splinting procedure or splint-
ing period.
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Follow-up

For follow-up schedule use 4 to 6 weeks. If clinical findings
(including sensibility) tests and a radiographic examination
show no abnormal findings controls can be terminated at
this time.

Complications

Pulp necrosis

This event is very rare (1–5) (Figs 14.5 and 14.6).

Root resorption

Surface resorption has been found in these trauma entities
(1) (Figs 14.7 and 14.8).

Fig. 14.1 Mechanism and pathology of concussion injury. A frontal impact leads to hemorrhage and edema in the periodontal ligament.



Fig. 14.2 Mechanism and pathology of subluxation injury. If the impact has greater force, periodontal ligament fibers may be torn, resulting in loos-
ening of the injured tooth.

Fig. 14.3 Clinical and radiographic features of concussion and subluxation. The right and left maxillary central incisors have received a blow and are
tender to percussion. The right central incisor is firm in its socket (concussion), while the left central incisor is loose and with hemorrhage from the gin-
gival sulcus (subluxation).
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Fig. 14.4 Treatment principles for concussion/subluxation. Relief of occlusal interference by selective grinding of opposing teeth may be necessary. In
the case of severe loosening and/or multiple tooth injuries, teeth may be splinted. Otherwise, a soft diet is recommended for 14 days.

Fig. 14.5 Pulp survival after concus-
sion. From ANDREASEN & VESTER-
GAARD PEDERSEN (1) 1985.



Fig. 14.6 Pulp healing after subluxa-
tion. From ANDREASEN & VESTER-
GAARD PEDERSEN (1) 1985.

Fig. 14.7 Periodontal healing after
concussion. From ANDREASEN &
VESTERGAARD PEDERSEN (1) 1985.

Fig. 14.8 Periodontal healing after
subluxation. From ANDREASEN &
VESTERGAARD PEDERSEN (1) 1985.
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Predictors for healing

Stage of root development and associated crown fracture
have been found to be significantly related to the develop-
ment of pulp necrosis following injury (1–3) (Figs 14.9 and
14.10).

Fig. 14.9 Predictors for healing after
concussion.

Fig. 14.10 Predictors for healing
after subluxation.

Table 14.1 Prevalence of external root resorption relation to concussion
and subluxation. From ANDREASEN & VESTERGAARD PEDERSEN (1)
1985.

No. of Surface Inflammatory Ankylosis
teeth resorption resorption

Concussion 178 8 (4%) 0 (0%) 0 (0%)
Subluxation 223 4 (2%) 1 (0.5%) 0 (0%)
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Essentials

Concussion and subluxation

(1) Relief of the occlusion on injured teeth and/or immo-
bilization may be indicated, especially in the case of
marked loosening. Otherwise, a soft diet for 14 days.

(2) Control the tooth radiographically and with sensibility
testing.

(3) Follow-up period generally 4–6 weeks.

Prognosis

Pulp necrosis: risk very limited.
Root resorption: Limited risk of surface resorption (Table
14.1).
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Definitions

Extrusive luxation (peripheral dislocation,
partial avulsion)

Partial displacement of the tooth out of its socket (Fig.
15.1).

Lateral luxation

Displacement of the tooth in a direction other than axially.
This is accompanied by comminution or fracture of the
alveolar socket (Fig. 15.2).

Frequency

The frequency of extrusive and lateral luxation has been
found to be 7% and 11% among traumatized permanent
teeth examined at a major trauma center (7).

Healing and pathology

In these cases there is a complete rupture of the neurovas-
cular supply to the pulp and severance of periodontal liga-
ment fibers leading to extrusion. In case of lateral luxation
the periodontal injury is accompanied by a fracture of the
labial bone plate as well as contusion injury to the lingual
cervical periodontal ligament.

In a recent study in rats the pulp response after extrusion
was found to be separation of the odontoblast layer espe-
cially in the coronal part of the pulp; furthermore intersti-
tial bleeding was found. After 4 and 8 weeks irregular dentin
formation took place (8).

Clinical findings

Extrusion

Extruded teeth appear elongated and most often with
lingual deviation of the crown, as the tooth is suspended
only by the palatinal gingiva (Fig. 15.1). There is always
bleeding from the periodontal ligament. The percussion
sound is dull.

Lateral luxation

The crowns of laterally luxated teeth are in most cases dis-
placed lingually and are usually associated with fractures of
the vestibular part of the socket wall (Fig. 15.2). Displace-
ment of teeth after lateral luxation is normally evident by
visual inspection. However, in case of marked inclination of
maxillary teeth, it can be difficult to decide whether the
trauma has caused minor abnormalities in tooth position.
In such cases, occlusion should be checked. Due to the fre-
quently locked position of the tooth in the alveolus, clinical
findings revealed by percussion and mobility tests are iden-
tical with those found in intruded teeth (see Chapter 13,
Table 13.1).

Radiographic findings

Extruded teeth show an expanded periodontal space espe-
cially apically (Fig. 15.3). This will be evident in both
occlusal and orthoradial exposures (Fig. 15.3).

Likewise, a laterally luxated tooth shows an increased peri-
odontal space apically when the apex is displaced labially.
However, this will usually be seen only in an occlusal or
eccentric exposure. An orthoradial exposure will give little
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or no evidence of displacement. The radiographic picture,
which imitates extrusive luxation, is explained by the rela-
tion between the dislocation and direction of the central
beam (1) (Fig. 15.4).

Treatment

The treatment of extruded permanent teeth seen soon after
injury consists of careful repositioning, whereby the coagu-

lum formed between the displaced root and socket wall will
be slowly pressed out along the gingival crevice (Fig. 15.5).
Administration of local anesthetic is generally not necessary.
As the repositioned tooth often has a tendency to migrate
incisally, a flexible splint should be applied for 2–3 weeks
(see later) (Fig. 15.6).

In case of lateral luxation, repositioning is usually a very
forceful and, therefore, a traumatogenic procedure (Figs
15.7 and 15.8). Prior to this procedure, it is necessary to
anesthetize the area. An infraorbital regional block anesthe-
sia on the appropriate side of the maxilla is the most effec-

Fig. 15.1 Pathogenesis of extrusive luxation. Oblique forces displace the tooth out of its socket. Only the palatal gingival fibers prevent the tooth from
being avulsed. Both the PDL and the neurovascular supply to the pulp are ruptured.
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tive. As indicated, this type of luxation is characterized by
the forceful displacement of the root tip through the facial
alveolar wall, which complicates the repositioning proce-
dure. In order to dislodge the root tip from its bony lock,
firm digital pressure in an incisal direction must first be
applied immediately over the displaced root, which can be
localized by palpating the corresponding bulge in the sulcu-
lar fold. Once the tooth is dislodged, it can be maneuvered
apically into its correct position.

If manual repositioning is not possible, a forceps can be

applied, whereby the tooth is first slightly extruded past the
bony alveolar lock and then directed back into its correct
position.

Once the tooth is repositioned, the labial and palatal bone
plates should also be compressed, to ensure complete repo-
sitioning and to facilitate periodontal healing. Lacerated
gingiva should then be re-adapted to the neck of the tooth
and sutured. The tooth should be splinted in its normal
position. A radiograph is then taken to verify repositioning
and to register the level of the alveolar bone for later 

Fig. 15.2 Pathogenesis of lateral luxation. Horizontal forces displace the crown palatally and the root apex facially. Apart from rupture of the PDL and
the pulpal neurovascular supply, compression of the PDL is seen on the palatal aspect of the root.
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Fig. 15.3 Clinical and radiographic
features of extrusive luxation.The stan-
dard bisecting angle periapical radi-
ographic technique is more useful than
a steep occlusal exposure in revealing
axial displacement. From ANDREASEN
& ANDREASEN (1) 1985.

Fig. 15.4 Clinical and radiographic
features of lateral luxation. The steep
occlusal radiographic exposure or an
eccentric periapical bisecting angle
exposure are more useful than an
orthoradial bisecting technique in
revealing lateral displacement. From
ANDREASEN & ANDREASEN (1) 1985.
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comparison. This is recommended in order to monitor
eventual loss of marginal bone support in the follow-up
period (see later).

If treatment of a laterally luxated or extruded permanent
tooth is delayed (i.e. more than 3–4 days), it is usually found
that the tooth is difficult to reposition. Recent studies seem
to indicate that reduction procedures should be deferred
and the tooth allowed to realign itself or that this should be
accomplished orthodontically (2).

In young children, where the laterally luxated tooth does
not interfere with occlusion, it might be indicated to await
spontaneous repositioning (Fig. 15.9).

Prognosis

Very few studies have been performed on the prognosis of
extrusive and lateral luxation. In Tables 15.1 and 15.2 (see
pages 422 and 423), the frequencies of complications such
as pulp necrosis, pulp canal obliteration, root resorption and
marginal breakdown are given. In the studies reported by the
Copenhagen group (2, 4) and the Toronto group (5, 6) it
should be noted that the latter group was confined to a pedi-
atric population (children and adolescents).

Fig. 15.5 Treatment of extrusive luxation. The extruded tooth should be gently repositioned using axial finger pressure on the incisal edge and the tooth
splinted.
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Fig. 15.6 Diagnosis and treat-
ment of extrusive luxation
This 17-year-old man has extruded the
left central incisor and avulsed the
lateral incisor, which could not be
retrieved.

Mobility and percussion test
The tooth is very mobile and can be
moved in horizontal and axial direc-
tion. The percussion test reveals slight
tenderness and there is a dull percus-
sion tone.

Sensibility testing and radi-
ographic examination
The tooth does not respond to sensi-
bility testing. The radiograph reveals
coronal displacement of the tooth.

Repositioning
The tooth is gently pushed back into its
socket. Thereafter the labial surfaces of
both central incisors are etched in
preparation for the splinting material.
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Applying splinting material
After rinsing the labial surfaces with a
water spray and drying with com-
pressed air, the splinting material
(Protemp®, Espe Corp.) is applied.

Polishing the splint
The surface of the splint is smoothed
with abrasive discs and contact with
gingival removed with a straight
scalpel blade.

The finished splint
Note that the splint allows optimal oral
hygiene in the gingival region, which is
the most likely port of entry for bacte-
ria that may complicate periodontal
and pulpal healing.

Suturing the gingival wound
The gingival wound is closed with
interrupted silk sutures. The final radio-
graph confirms optimal repositioning
of the tooth.
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Fig. 15.7 Treatment principles for extrusive luxation: repositioning and splinting.

Pulp necrosis

Extrusion

This complication appeared to be very dependent upon root
development in the Copenhagen study, where immature
root development had a superior healing potential com-
pared to more mature root development (2, 4) (Table 15.1,
Fig. 15.10).

Lateral luxation

The same finding was made in regard to pulp necrosis (2, 4)
(Table 15.2, Fig. 15.11).

Pulp canal obliteration

Extrusion

In cases where the pulp becomes revascularized, pulp canal
obliteration was almost always a standard sequel to injury.

Lateral luxation

The same finding was found as for extrusion.

Root resorption (external)

Extrusion

Surface resorption was quite common, inflammatory
resorption rare. Ankylosis was not seen (2) (Fig. 15.12).

Lateral luxation

The resorption pattern was quite similar to extrusions 
(Fig. 15.13). Ankylosis resorption was exceedingly rare 
and in these instances located to the cervical region,
i.e. where the compression zones are located (2, 3) (Fig.
15.14).

Moreover, the frequent shortening of the root tips (i.e.
surface resorption) appears to be related to the apical com-
pression zone.

Marginal bone loss

Extrusion

As expected this trauma group showed no loss of marginal
bone due to the limited nature of the injury (i.e. rupture of
periodontal ligament) (Table 15.1).
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Fig. 15.8 Diagnosis and treat-
ment of lateral luxation
This 23-year-old man suffered a lateral
luxation of the left central incisor.

Percussion test
Percussion of the injured tooth reveals
a high metallic sound.

Mobility and sensibility testing
Mobility testing, using either digital
pressure or alternating pressure of two
instrument handles facially and orally,
discloses no mobility of the injured
tooth. There is no response to pulpal
sensibility testing.

Radiographic examination
A steep occlusal radiographic exposure
revealed, as expected, more displace-
ment than the bisecting angle tech-
nique. A lateral radiograph reveals the
associated fracture of the labial bone
plate (arrow).
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Anesthesia
An infraorbital regional block is placed
and supplemented with anesthesia of
the nasopalatinal nerve.

Repositioning
The tooth is repositioned initially by
forcing the displaced apex past the
labial bone lock and thereby disen-
gaging the root. Thereafter, axial pres-
sure apically will bring the tooth back
to its original position. It should be
remembered that the palatal aspect of
the marginal bone has also been dis-
placed at the time of impact. This, too,
must be repositioned with digital 
pressure to ensure optimal periodontal
healing.

Verifying repositioning and
splinting with the acid-etch 
technique
Occlusion is checked and a radiograph
taken to verify adequate repositioning.
The incisal one-third of the labial
aspect of the injured and adjacent
teeth is acid-etched (30 seconds) with
phosphoric acid gel.

Preparing the splinting material
The etchant is removed with a 20-
second water spray. The labial enamel
is dried with compressed air, revealing
the matte, etched surface.
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Applying the splinting material
A temporary crown and bridge mate-
rial (e.g. Protemp®) is then applied.
Surplus material can be removed after
polymerization using a straight scalpel
blade or abrasive discs.

Three weeks after injury
At this examination, a radiograph is
taken to evaluate periodontal and
pulpal healing. That is, neither periapi-
cal radiolucency nor breakdown of
supporting marginal bone, as com-
pared to the radiograph taken after
repositioning.

Splint removal
The splint is removed using fissure
burs, by reducing the splinting material
interproximally and thereafter thinning
the splint uniformly across its total
span. Once thinned, the splint can be
removed using a sharp explorer.

Six months after injury
After 6 months, there is a slight sensi-
bility reaction and normal radiographic
conditions.
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Fig. 15.9 Non-repositioning of a
laterally luxated central incisor
which did not interfere with
occlusion with spontaneous repo-
sition. Time of injury. Note the lin-
gually displaced crown.

Table 15.1 Pulp and periodontal healing complications following extrusive luxation.

Author Stage of root No. of Pulp Pulp canal Pulp Root Marginal
development teeth necrosis obliteration survival resorption breakdown

Andreasen & Vestergaard Open apex 34 3 (9%) 20 (61%) 10 (30%) 4 (12%) 3 (6%)**
Petersen (2) 1985, Closed apex 20 11 (55%) 4 (20%) 15 (25%) 4 (20%)
Andreasen (3) 1995

Lee et al. (6)* 2003 Open + closed apex 54 23 (42%) 19 (35%) 12 (23%) 3 (6%) ?

* Only children and adolescents.
** Open and closed apices.

Follow up One year later, the tooth in
its normal position. There is pulp canal
obliteration.

Axial clinical view and lateral
radiograph
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PULP SURVIVAL AFTER EXTRUSION IN THE PERMANENT DENTITION
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Andreasen & Vestergaard Pedersen 1985
Fig. 15.10 Pulpal healing after extru-
sive luxation. After ANDREASEN &
VESTERGAARD PEDERSEN (2) 1985.

PULP SURVIVAL AFTER LATERAL LUXATION IN PERMANENT DENTITION
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Fig. 15.11 Pulpal healing after lateral
luxation. After ANDREASEN & VESTER-
GAARD PEDERSEN (2) 1985.

Table 15.2 Pulp and periodontal healing complications following lateral luxation.

Author Stage of root No. of Pulp Pulp canal Pulp Root Marginal
development teeth necrosis obliteration survival resorption breakdown

Andreasen & Vestergaard Open apex 34 3 (9%) 24 (71%) 7 (20%) 3 (9%) 9 (7%)**
Petersen (2) 1985, Closed apex 88 68 (77%) 10 (11%) 10 (11%) 34 (39%)
Andreasen (3) 1995

Nikoui et al. (5)* 2003 Open + closed apex 58 23 (40%) 23 (40%) 12 (20%) ? ?

* Only children and adolescents.
** Open and closed apices.
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Fig. 15.13 Periodontal healing after
lateral luxation. After ANDREASEN &
VESTERGAARD PEDERSEN (2) 1985.

Andreasen & Vestergaard Pedersen 1985

Closed apexOpen apex
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50%
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100%

PDL HEALING AFTER EXTRUSION IN THE PERMANENT DENTITION

Inflam. resorption
Normal PDL Ankylosis

Surface resorption

Fig. 15.12 Periodontal healing after
extrusive luxation. After ANDREASEN
& VESTERGAARD PEDERSEN (2) 1985.
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Lateral luxation

In this trauma group loss of marginal bone was seen, which
is explained by the compressive type of the injury in the cer-
vical region (Table 15.2 and Fig. 15.15).

Predictors of healing

In a multivariate analysis, the only significant factors
appeared to be the stage of root development (2, 3). The
relation to root development could be further refined by

measuring the apical diameter (4). Moreover, it was found
that increased age after completed root development was
significantly related to pulp necrosis (2, 3). Figs 15.16 and
15.17 present the healing predictors for extrusion and lateral
luxation.

Tooth survival

It appears from two clinical studies that excellent long-term
survival can be expected for extrusions and lateral luxations
(98% and 100% respectively) (5, 6).

0 d 1 mo 1 yr

Fig. 15.14 External replacement resorption of a central incisor as a sequel to lateral luxation. At the time of splint removal, one month after injury,
there is no evidence of root resorption. At the one-year follow-up, ankylosis is evident distally.

0 d 3 mo 4 mo 8 mo

Fig. 15.15 Transient marginal breakdown in a 46-year-old male who suffered lateral luxation of the left central incisor. Three months after reposition
there is no sign of pathology. Four months after reposition a marked breakdown of bone is found between the central and the lateral incisor. Four months
later the interdental bone has been reformed. Courtesy of Dr H LUND, Kolding, Denmark.
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Essentials

Extrusive and lateral luxation

(1) Administer local anesthesia if forceful repositioning is
anticipated (i.e. lateral luxation).

(2) Reposition the tooth into normal position (Figs 15.6
and 15.8). In case of delayed treatment, the teeth should
be allowed to realign spontaneously into normal posi-
tion or be moved orthodontically.

(3) Splint the tooth with an acid-etch/resin splint.
(4) Monitor the tooth radiographically.
(4) Splinting period:

— Extrusion: 2–3 weeks.
— Lateral luxation: 3 weeks. In case of marginal 

bone breakdown, extend fixation period to 6–8
weeks.

(5) Follow-up period: minimum 1 year.

Fig. 15.16 Predictors for healing
outcome after extrusive luxation.
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Definition

Intrusive luxation (intrusion) is displacement of the tooth
into the alveolar bone along the axis of the tooth and is
accompanied by comminution or fracture of the alveolar
socket (Figs 16.1 and 16.2).

Frequency

Intrusive luxations have been found to comprise 0.3–1.9%
of the traumas affecting permanent teeth (1–5).

Healing and pathology

An intrusion represents the most severe injury to the denti-
tion through damage to the gingival attachment, contusion
of the periodontal ligament and bone and damage to the
Hertwig’s epithelial root sheath (in the case of immature
teeth). Moreover, the intrusive displacement of the tooth
will force bacteria from the bacterial plaque covering the
dental crown into the compromised wound site (Fig. 16.1).
All of these events individually and combined have the
potential of eliciting healing complications (see Chapter 2).
It is, therefore, no wonder that intruded permanent teeth
have a very grave long-term prognosis (20).

In regard to the histopathology changes after intrusion
only a few experimental studies exist and studies have been
made with rats (6, 7) and dogs (8–10), both models, which
are not that comparable in relation to a human situation,
due to significant differences in anatomy. In one study with
dogs surgical repositioning was compared to spontaneous
eruption. It was claimed that surgical repositioning showed
more optimal healing but no histometric analysis was 
presented (10).

Clinical findings

Due to their locked position in bone, most intruded teeth
are not sensitive to percussion and are very firm in their
socket (5). The extent of intrusion may vary from one mil-
limeter to complete burial of the displaced tooth (5). The
percussion test often elicits a high-pitched metallic sound,
similar to an ankylosed tooth. This test is of great impor-
tance in determining whether erupting teeth are indeed
intruded (5) (Fig. 16.1). A tooth which is completely buried
in the alveolar process might be erroneously considered
avulsed until a radiograph discloses the intruded position.
Palpation of the alveolar process can often reveal the posi-
tion of the displaced tooth.

If a permanent central incisor is completely intruded, it
should be considered that the root apex is most likely forced

16
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Fig. 16.1 Intrusion of a tooth with incomplete root formation. The semi-erupted position of the tooth leaves doubt as to whether the tooth is under
eruption or intruded from a more coronal position. A high percussion (ankylosis) tone, however, reveals the intrusion.
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Fig. 16.2 Pathogenesis of intrusion. Axial impact leads to extensive injury to the pulp and periodontium.

into the nasal cavity, resulting in bleeding from the nose.
Examination of the floor of the nostril will reveal the pro-
truding apex (Fig. 16.3).

Radiographic findings

Following intrusive luxation, the periodontal ligament space
will be partially or totally obliterated (5). However, it should

be noted that in some cases of obvious displacement, a peri-
odontal space of normal width can still be seen radiograph-
ically (5) (Fig. 16.4). In general, when the apex has been
forced through the labial bone plate the intruded incisor will
appear foreshortened when compared to the non-injured
antimere (Fig. 16.5). Conversely an elongated tooth implies
intrusion in the palatal direction (5).

A steep occlusal exposure gives a less reliable impression
of the depth of intrusion compared to a conventional 
periapical (bisecting angle) exposure (Fig. 16.6). Another
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reliable finding in periapical exposures is the position of the
cemento-enamel junction, which in erupted teeth is placed
approximately one millimeter incisal to the bony crest 
(Fig. 16.7).

In the presence of an associated penetrating lip lesion, it
is important to take a soft-tissue radiograph of the lip in
order to diagnose embedded tooth fragments or other
foreign bodies (Fig. 16.8) (see Chapter 21).

Fig. 16.3 Displacement of an
intruded central incisor into the
nasal cavity
Clinical and radiographic condition.
The tooth is completely intruded.

Nasal inspection
Inspection of the right nostril with a
nasal speculum shows protrusion of
the apex through the floor of the nose
(arrow).

A B C D

Fig. 16.4 Radiographic appearance of intrusions. A. Intrusive luxation of a lateral incisor. Note disappearance of the periodontal ligament space around
the displaced tooth. B. Intruded lateral incisor Note that a periodontal space is present along most of the root surface. C and D. Intrusion of teeth with
incomplete and complete root formation. Note the difference in position of the cemento-enamel junction compared with the adjacent tooth.
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Fig. 16.5 Radiographically foreshortened intruded central incisor appears on a lateral exposure to be displaced through the buccal bone plate.

Fig. 16.6 Radiographic appearance related to projection angle. A more steep exposure (i.e. an occlusal exposure) does not yield a reliable picture of
the depth of intrusion compared to a periapical bisecting angle exposure.

Fig. 16.7 Slightly intruded permanent right central incisor. Note that the cemento-enamel border is positioned more apically than the non-injured
antimere.
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Treatment

In the past, significant controversy has existed concerning
the optimal treatment for intruded permanent teeth. (5, 11,
22) (Fig. 16.9). It has been found that intruded teeth with
immature root formation may re-erupt spontaneously
(11–14, 20, 21) and also in some cases with completed root
formation (20–23). The advantage of this treatment philos-
ophy has been that no additional damage due to active repo-
sitioning procedures is inflicted upon the already injured
periodontium, a factor which should optimize marginal
bone healing. This procedure has usually been confined to
patients with immature root formation.

Realizing that spontaneous eruption can be unreliable, a
second treatment philosophy has been to stimulate sponta-
neous re-eruption by orthodontically guided eruption (17).

Finally, surgical repositioning has been suggested,
whereby the intruded tooth is brought back to its original
position and splinted (11).

Today, no randomized study exists whereby the three
treatment alternatives can be compared. However, in a large
clinical retrospective study of 140 intruded teeth, the result
of the three treatment models were compared with respect

to pulp necrosis, root surface resorption and loss of mar-
ginal bone support.

The result of this study indicated that the stage of root
development at the time of injury is the variable which dic-
tates treatment alternative. In the case of immature root
development, the treatment of choice appears to be antici-
pation of spontaneous eruption. However, it takes approxi-
mately 6 months for full eruption (ranges: 2–14 months)
(21) (see below).

The general indication for orthodontic extrusion will be
in cases with completed root formation. This strategy
appears to result in slightly better bone healing. However,
this treatment procedure implies significantly more treat-
ment visits than surgical repositioning (21).

Spontaneous re-eruption

This appears to be the treatment of choice for teeth with
incomplete root formation. One prerequisite, however, is
that the tooth is not totally intruded, i.e. including the incisal
edge. If this is the case, the incisal edge must be exposed.
Otherwise partial or total surgical repositioning should be
carried out (21). To facilitate the re-eruption process, the

Fig. 16.9 Treatment principles for
intrusion: orthodontic extrusion, spon-
taneous eruption or surgical extrusion.

Fig. 16.8 Diagnosis of foreign bodies in the lower lip in a case with combined intrusion injury and penetrating lip injury. Frontal and lateral radiographs
disclose multiple foreign bodies in the lower lip.
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intruded tooth may be slightly loosened with forceps at the
first visit (to release the mechanical grip of the bony walls
on the root surface). Thereafter, re-eruption is awaited,
which usually takes 6 months for completion (range = 2–14
months) (21) (Fig. 16.10).

If clinical and radiographic examination show no signs 
of re-eruption after one month, and particularly the 
percussion test shows signs of ankylosis, the tooth must be
loosened with forceps and brought to occlusal height ortho-
dontically. Throughout the eruption process, it is very
important to monitor eventual signs of pulp necrosis and
inflammatory root resorption. Suggested observation
periods are listed in Appendix 3.

Spontaneous re-eruption has been found to take place up
to the age of 17 years (Fig. 16.11). Beyond that age, active
repositioning should be performed (21). However, in cases
of completed root development, where there is a high risk
of pulp necrosis and external root resorption, orthodontic
extrusion is the treatment of choice (see below).

Orthodontic extrusion

Ideally, orthodontic extrusion should be performed at a pace
that keeps up with the repair of marginal bone. Further-
more, it is important that the tooth is sufficiently reposi-
tioned within 2–3 weeks to ensure access to the pulp
chamber should endodontic treatment be necessary. In
some cases a surgical exposure of the palatal crown surface

may enable access to the pulp. This is important, as external
root resorption may be initiated by this time; and the only
way to arrest this process is by endodontic therapy (see
Chapter 22). This is also the reason for not awaiting spon-
taneous eruption in cases with completed root formation.
As spontaneous re-eruption may take several months, root
resorption can become quite advanced; and because of the
semi-buried position of the tooth, there is no possibility of
endodontic intervention.

Orthodontic movement of intruded permanent teeth 
can begin at the initial examination at the time of injury or
some days later, when swelling has subsided (Fig. 16.12). The
orthodontic appliances used for extrusion are similar to
those used for extrusion of crown-root fractured teeth (see
Chapter 24).

If the tooth has been completely intruded, it is essential
that it is partially repositioned with a forceps after adminis-
tration of local anesthesia so that half of the crown is
exposed. This will hasten the final re-eruption and facilitate
application of an orthodontic bracket on the labial surface.
In some cases, it can be an advantage to luxate the tooth
slightly prior to orthodontic extrusion. If this alternative is
chosen, orthodontic extrusion should be postponed for a
few days to avoid avulsion of the tooth upon activation of
the appliance.

Compared to surgical repositioning, orthodontic extru-
sion appears to result in slightly improved marginal bone
healing (21).

A B C

Fig. 16.10 Spontaneous eruption of two intruded incisors. A. Clinical condition in a 7-year-old girl after an axial impact. B. Condition 6 weeks later,
after onset of eruption. C. Follow-up 1 year after injury. Eruption is complete.

0 d 0 d 6 wk 8 wk 6 mo 12 mo

Fig. 16.11 Spontaneous eruption of an intruded left central incisor with mature root formation, and condition after 6 and 8 weeks and 6 and 12
months.
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Fig. 16.12 Orthodontic extrusion
of an intruded incisor
Clinical and radiographic condition in
a 22-year-old woman after an axial
impact. Before application of ortho-
dontic appliances the tooth may be
slightly loosened with forceps.

Covering exposed dentin
The exposed dentin of both central
incisors is covered with a hard-setting
calcium hydroxide cement (e.g.
Dycal®).

Applying orthodontic traction
A 0.5mm thick semi-rigid orthodontic
wire is adapted to follow the curvature
of the dental arch, including two adja-
cent teeth on either side of the
intruded incisor.The orthodontic wire is
bonded to the adjacent teeth using an
acid-etch technique. In the area where
elastic traction is exerted, a wire coil
(e.g. 0.228 × 0.901 Elgiloy®) is placed
in order to prevent slippage of the
elastic.

Placing the bracket
The fractured incisal edge is covered
with a temporary crown and bridge
material. A bracket is placed on the
labial surface.



Intrusive Luxation 435

Orthodontic traction
Elastic traction of 70–100 grams is
activated. The direction of traction
should extrude the tooth out of its
socket in a purely axial direction.
Elastic traction should wait for 4–6
days if loosening has been performed.

Extrusion initiated
After approximately 10 days, osteo-
clastic activity around the intruded
tooth has usually resulted in loosening;
and extrusion can then take place. If
extrusion has not yet begun after 10
days, a local anesthetic is administered
and the tooth is luxated slightly with a
forceps.After 2–3 weeks, a rubber dam
is applied, the pulp extirpated and the
root canal filled with calcium hydrox-
ide paste.

Extrusion complete
After 4 weeks, the intruded tooth is
extruded to its original position and
retained in this position for 2–4 weeks.
Thereafter, the orthodontic appliance
can be removed.

Crown restoration
The fractured crowns are restored with
composite resin.
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Fig. 16.13 Surgical repositioning
of an intruded left central incisor
and repositioning and splinting
of an extruded and root fractured
right central incisor.

Repositioning 
After local anesthesia, the right central
incisor is repositioned. The left central
incisor is grasped proximally with
forceps and repositioned. With finger
pressure, the tooth is repositioned, as
well as the displaced labial bone.

Suturing and splinting 
The lacerated gingiva is sutured. The
incisal third of the labial enamel of all
incisors is acid etched and splinting
material applied.
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Fig. 16.13 Continued

A B C D

Fig. 16.14 Treatment of multiple severely displaced and intruded incisors. A, B and C. Multiple intrusions (three incisors) in a 10-year-old girl treated
by surgical repositioning and splinting. D. Condition 6 months later. There is no evidence of root resorption.

Surgical extrusion

This procedure implies immediate repositioning of the tooth
into its normal position. After administration of local 
anesthesia, the tooth is grasped with a forceps (preferably
proximally) and brought down into its normal position.
Thereafter, the displaced labial and palatal bone is reposi-
tioned by finger pressure and gingival lacerations sutured
(Fig. 16.13).A splint is applied and maintained for 6–8 weeks.

This procedure is primarily indicated in cases with mul-
tiple intrusions (Fig. 16.14) as well as in cases where the tooth
is intruded more than 6 mm (21). With multiple intrusions
there may be difficulties in reaching stability after reposi-
tioning which must be taken into consideration when fab-
ricating a splint, which has to be extended bilaterally to
involve stable teeth.

Treatment guidelines according to 
trauma scenario

In order to provide an evidence based treatment, certain
pre-trauma and trauma factors must be incorporated in
order to choose treatment alternative (i.e. spontaneous

repositioning, orthodontic extrusion or surgical reposition-
ing) (21).

Stage of root development (complete or incomplete)
appears to be one of the strongest factors. In the case of
incomplete root formation, the extent of intrusion becomes
decisive. There is a cut-off at ages 12 years and >17 years
with respect to choice of treatment; and whether there is one
intruded tooth or multiple intrusions.

It should be noted that these treatment guidelines are 
only partially supported by a clinical study (21) (Fig. 16.15).

Prognosis

A number of studies have been carried out on the long-term
prognosis after intrusive luxation. All of these studies indi-
cate that severe complications dominate the healing pattern
(Table 16.1). Especially the frequent occurrence of pulp
necrosis in teeth with immature root formation, external
root resorption and loss of marginal bone are of con-
cern, as these complications may lead to tooth loss (17, 18,
20, 21).

Finishing the splint 
A Luxatemp® splint has been applied.



Diagnosis of healing complications

Pulp necrosis (PN)

It appears from Fig. 16.16 that PN is significantly related to
stage of root development and can in most cases be diagnosed
within 6 months after injury (6).However, in some cases a late
diagnosis of PN is made due to the effect of partial pulp
necrosis, whereby Hertwig’s epithelial root sheath closes the
root apex with hard tissue irrespective of necrotic root canal
contents (see also Chapter 22) (Fig. 16.17).

Root resorption (RR)

The most frequent type of root resorption appears to be
inflammatory, followed by replacement resorption (ankylo-
sis) and surface resorption (20).

In case of inflammatory root resorption, the resorption
process can be arrested in the majority of cases by endodon-
tic therapy (see Chapter 22, p. 632).

In approximately one-fourth of all cases with replace-
ment resorption, the resorptive process appears to be 
transient.

From Fig. 16.18 it appears that the diagnosis RR is related
to stage of root development; and that most cases can be diag-
nosed within the first year. While a relatively stable plateau of
healing takes place up to 5 years after injury of immature
teeth, new RR activity can be found up to 10 years after injury.

Marginal bone loss

Marginal bone loss is a frequent complication and is related
to stage of root development (Fig. 16.19).

Marginal bone loss may be transient in nature (Fig.
16.20). This phenomenon is further described in Chapter
13. Furthermore, bone loss is found on ‘proximal’ surfaces 
compared to distal in cases of multiple intrusions (20, 21)
(Fig. 16.21).

The majority of marginal bone loss takes place in cases of
incomplete root development within the first four years after
injury; whereas teeth with completed root formation show
a constant amount of bone loss throughout the observation
period.

Survival of intruded teeth

Two studies provide data which enables survival curves to
be constructed. In both studies, long-term survival appears
far from optimal (16, 18, 21).

It appears from Fig. 16.22 that there is rather constant loss
of teeth throughout the observation period for teeth with
incomplete and completed root formation. The choice of
treatment procedure seems to favor spontaneous eruption
and orthodontic repositioning (Fig. 16.23). Furthermore,
approximately 30% are lost after 15 years irrespective of root
development.
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Fig. 16.15 Treatment related to
trauma scenario.
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Table 16.1 Clinical studies on prognosis of intrusion of permanent teeth.

No. of Age mean Tooth Pulp Root Loss of marginal
teeth (range) survival necrosis resorption bone

Andreasen (11) 1970 23 ? 22 (96%) 12 (52%) 11 (48%)
Andreasen & Vestergaard Pedersen (12) 1985 61 (6–67) ? 52 (85%) 40 (66%) 19 (31%)
Jacobsen (13, 14) 1983, 1991 40 8.0 (6–16) 36 (90%) 25 (63%) ? ?

Kinirons & Sutcliffe (15) 1991 29 9.5 (7–12) 20 (69%) ? 11 (38%) 7 (24%)

Ebeseleder et al. (16) 2000 58 11.1 (6–16) 55 (95%) 36 (64%) 18 (31%) 20 (34%)

Al-Badri et al. (17) 2002 61 9.3 (7.1–14) 48 (79%) ? 36 (59%) ?

Humphrey et al. (18) 2003 31 9.3 (6–18) 26 (83%) 14 (45%) 25 (80%) 12 (39%)

Chaushu et al. (19) 2004* 31 8–11 28 (90%) 26 (83%) 13 (41%) 2 (6%)
Andreasen et al. (20) 2005 140 15.6 (6–67) 112 (80%) 124 (88%) 67 (48%) 45 (32%)

* Including 22 case reports from the literature and all treated by orthodontic extrusion.

A B C D0 d 2 mo 6 mo 10 yr

Fig. 16.17 Partial necrosis of a right central incisor. A. Time of injury. B. Status after 2 months: spontaneous eruption is taking place. C. 6 months: full
eruption and apical closure. The coronal part of the pulp has developed pulp. D. Status after 10 years.
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Fig. 16.19 Marginal bone loss
related to root development.
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Fig. 16.20 Transient marginal breakdown around an intruded central incisor (arrow).
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Fig. 16.18 Root resorption related to
root development.
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Fig. 16.21 Multiple intrusions in a 16-year-old boy. More marginal bone loss is found ‘proximally’.
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Predictors for healing

Two recent studies have isolated a number of predictors for
pulp necrosis, root surface resorption and loss of marginal
bone support.

These predictors are shown in Figs 16.24 and 16.25. It
appears that stage of root development, extent of intrusion and
method of repositioning contained the greatest information
about the risk of complications.

Essentials

Treatment alternatives

• Spontaneous repositioning should be anticipated in all teeth
with incomplete root formation.

• Surgical repositioning is the treatment of choice in case of
multiple intrusions and/or deep intrusions (i.e. >7 mm).

• Orthodontic extrusion is to be preferred over surgical repo-
sitioning due to slightly improved marginal bone healing.

Fig. 16.25 Predictors for pulp
healing.

Fig. 16.24 Predictors for root 
resorption.
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However, this treatment alternative may complicate later
endodontic intervention due to the position of the
intruded tooth.

• Suture gingival lacerations.
• Conduct radiographic controls during the re-eruption

phase.
• If signs of periapical radiolucency and/or inflammatory

resorption are seen, endodontic treatment is indicated. In
cases of completed root formation, prophylactic pulp
extirpation is indicated with gutta-percha root filling and
sealer.
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Terminology, frequency and etiology

Tooth avulsion (exarticulation, total luxation) implies total
displacement of the tooth out of its socket (Figs 17.1 and
17.2).

Various statistics have shown that avulsion of teeth 
following traumatic injuries is relatively infrequent,
ranging from 0.5 to 3% of traumatic injuries in the perma-
nent dentition (125, 126). The main etiologic factors in the
permanent dentition are fights and sports injuries (1, 127).

Clinical findings

The maxillary central incisors are the most frequently
avulsed teeth, while the lower jaw is seldom affected (6–8,
128, 129, 199–203).

Avulsion of teeth occurs most often in children from 7 to
9 years of age, when the permanent incisors are erupting
(6–8, 199–203) (Fig. 17.1). At this age, the loosely structured
periodontal ligament and low mineralized bone surround-
ing erupting teeth provide only minimal resistance to an
extrusive force.

Most frequently, avulsion involves a single tooth; but mul-
tiple avulsions are occasionally encountered (6–8, 199–202).
Other types of injuries are often associated with avulsions;
among these, fractures of the alveolar socket wall and
injuries to the lips are the most common (1). The level of
the attachment apparatus of the avulsed tooth is essential

when considering whether or not to replant the tooth. The
presence of a ring of calculus or discoloration of the root
surface is a good indicator (Fig. 17.3). Also, the contamina-
tion of the root surface should be registered, as this might
influence healing. The circumstances related to extra-oral
storage of the avulsed tooth should be noted such as extra-
oral time and storage conditions; especially whether the
tooth has been kept dry or under physiological conditions
(Fig. 17.4).

Radiographic findings

In cases where the avulsed tooth is found, radiographs
should only be taken if the clinical examination arouses sus-
picion of bone fracture (Figs 17.5 and 17.6). Moreover in
cases where the ‘avulsed’ tooth is not found there is an indi-
cation for radiographic examination since a fractured root
may be left in the alveolus.

Healing and pathology

The pathology of tooth replantation can be divided into
pulpal and periodontal reactions. Both the pulp and the
periodontal ligament suffer extensive damage during an
extra-alveolar period with healing reactions almost entirely
dependent upon the extra-alveolar period and extra-
alveolar handling (Fig. 17.2).

17
Avulsions
J. O. Andreasen & F. M. Andreasen

444

Fig. 17.1 Avulsed central incisor in a
7-year-old boy. The tooth has been
wrapped in paper for 60 minutes.
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Fig. 17.2 Mechanism of avulsion. Frontal impacts lead to avulsion with subsequent damage to both the pulp and periodontal ligament. The extra-oral
time and environment determines the fate of the PDL and pulp after replantation.
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Fig. 17.3 A ring of calculus on the
root surface indicates the level of PDL
attachment.

Fig. 17.4 An avulsed central incisor is kept moist in saliva in the vestibulum.

Fig. 17.5 Contusion and fracture of the socket of two maxillary central incisors.

The healing reactions after replantation of teeth have been
the subject of numerous experiments using mice (35), ham-
sters (36–42), rats (167–169, 309), guinea pigs (170), rabbits
(27), cats (204–208), dogs (9–29, 130–137, 209–212, 306)
and monkeys (17, 24, 31–34, 138–166, 213–226).

Pulpal reactions

Studies on pulp reactions have mainly been performed in
animals such as cats (204, 205), dogs (136, 137, 209–212)

and monkeys (225, 226). Experimental studies have dis-
closed various distinct pulpo-dentinal responses which can
occur after immediate replantation and have been classified
as follows (29) (Fig. 17.7):

(1) Regular tubular reparative dentin
(2) Irregular reparative dentin with diminished tubular

structures
(3) Irregular reparative dentin with encapsulated cells

(osteodentin)
(4) Irregular immature bone
(5) Regular lamellated bone or cementum
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(6) Internal resorption
(7) Pulp necrosis.

It is uncertain whether all of these reactions are encountered
in humans; however, pulpal reactions observed in human
patients after intentional replantation seem to support at
least part of this classification (229).

Several comprehensive studies of pulp reactions of
extracted and immediately replanted permanent premolars
in human patients have been published (43, 227–229).
Extensive pulpal changes could be observed as early as 3 days
after replantation. The most severe damage was usually
observed in the coronal part of the pulp. Signs of healing
were seen within 2 weeks after replantation. Damaged
coronal pulp tissue was gradually replaced by proliferating
mesenchymal cells and capillaries (Figs 17.8 and 17.9). In
the border zone between vital and necrotic tissue, neu-
trophils and round cells were present in some cases.

In the majority of cases with long observation periods,
more advanced healing was found. This healing process 
led to the formation of a new cell layer along the dentinal
wall in regions where the odontoblasts had been destroyed.
The mesenchymal cells along the dentinal wall usually 
did not have processes extending into the dentinal tubules
(Fig. 17.9). New hard tissue formation along the dentinal
walls was noted after 17 days; but in most cases matrix 
formation started somewhat later. In the early stages of

Fig. 17.6 Radiograph illustrating an alveolar fracture (arrows) following
avulsion of both central incisors.

Fig. 17.7 Schematic drawing illustrating the various pulp reactions following experimental replantation of incisors in dogs. From ANDERSON et al.
(29) 1968.
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A

B

C

Fig. 17.8 A. Diagram illustrating
initial pulp changes after replanta-
tion in humans. N = necrotic pulp
tissue, M = mesenchymal cells, H =
healing zone, P = preserved vital
pulp tissue. M. Proliferating mes-
enchymal cells along the root canal
wall at the level of necrotic and
vital pulp tissue 10 days after
replantation. ×410. C. Karyor-
rhexis and pyknosis in the coronal
part of the pulp 3 days after
replantation. ×200. From ÖHMAN
(43) 1965.

A

B

C

Fig. 17.9 A. Diagram illustrating
intermediate pulp changes after
replantation in humans. New mes-
enchymal cells proliferate into the
injured zones during the first
months of the healing period. R =
regenerated pulp tissue, P = pre-
served vital pulp tissue. B. The cells
adjacent to the predentin in the
apical part of the pulp appear to
send no processes into the denti-
nal tubules (observation period =
17 days). ×430. C. Regenerated
pulp cells are aligned nearly paral-
lel with the long axis of the tooth.
×520. From ÖHMAN (43) 1965.
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healing, a tissue was formed without dentinal tubules but
with occasional cell inclusions (Fig. 17.10). Gradually, the
cells along the pulp walls began to show similarities to odon-
toblasts with cytoplasmic processes within the newly formed
matrix. This apparently corresponded to the degree of dif-
ferentiation; however, in areas where new hard tissue for-
mation indicated total primary destruction of the original
odontoblasts, completely normal conditions were never
found.

Severe primary pulpal damage was more often found in
teeth with completed root formation than in those with 
an open apex, where the pulpal repair seemed also to be
more rapid. Mitoses were seen in bands of Schwann cells 

14 days after replantation (Fig. 17.10). Regenerating 
nerve fibers were observed after 1 month. In teeth with irreg-
ular hard tissue formation in the pulp chamber, bundles of
nerve fibers passed between the trabeculae of hard tissue;
separate fibers could be followed to the newly formed 
layer of irregular odontoblasts. However, neither the
number nor the caliber of the nerve fibers reached normal
levels. In microangiographic studies of the revascularization
process after replantation of teeth in dogs, it was demon-
strated that ingrowth of new vessels could be seen 4 days
after replantation. After 10 days, vessels were seen in the
apical half of the pulp and, after 30 days, in the entire pulp
(136, 137).

DE

A C

B

Fig. 17.10 A. Diagram illustrating
late pulp changes after replanta-
tion in humans. Extensive oblitera-
tion of the pulp chamber with hard
tissue and strands of vital pulp
tissue extending into the hard
tissue. V = vital regenerated pulp
tissue, T = newly formed hard
tissue, P = preserved vital pulp
tissue. B. Two phases of repair.
First, irregular atubular matrix
(arrows), second atubular dentin
(observation period = 101 days).
×180. C. Irregular new hard tissue
formation in an area with severe
pulp damage (observation period
= 158 days). ×125. D. Nerve fibers
coursing through newly formed
hard tissue in the pulp chamber
(observation period = 360 days).
Palmgren’s silver stain. ×275. E.
Nerve fibers with mitosis of
Schwann cells (arrow) (observation
period = 14 days). ×450. From
ÖHMAN (43) 1965.



450 Chapter 17

Periodontal healing reactions

The following healing sequence in the periodontal struc-
tures has been demonstrated after experimental immediate
replantation in dogs (24, 33), monkeys (138, 162), and
humans (230).

Immediately after replantation, a coagulum is found
between the two parts of the severed periodontal ligament
(Fig. 17.11A). The line of separation is most often situated
in the middle of the periodontal ligament, although separa-
tion can occur at the insertion of Sharpey’s fibers into
cementum or alveolar bone. Proliferation of connective
tissue cells soon occurs and, after 3 to 4 days, the gap in the
periodontal ligament is obliterated by young connective
tissue (Fig. 17.11B). After 1 week, the epithelium is reat-
tached at the cementoenamel junction (138). This is of
clinical importance because it may imply a reduced risk of
gingival infection and/or reduced risk of bacterial invasion
of either the root canal or periodontal ligament via the 
gingival pocket. Gingival collagen fibers are usually spliced,
while the infrabony fibers are united in only a few areas at
this time (138). The first superficial osteoclast attack can
now be seen along the root surface (140).

After 2 weeks, the split line in the periodontal ligament is

healed and collagen fibers are seen extending from the cemen-
tum surface to the alveolar bone (Fig. 17.11C). Resorption
activity can now be recognized along the root surface (140).

Histologic examination of replanted human and animal
teeth has revealed four different healing modalities in the
periodontal ligament (44, 45, 147, 221, 222, 231).

Healing with a normal periodontal ligament

Histologically, this is characterized by complete regeneration
of the periodontal ligament (10, 24, 36, 44, 47, 48), which
usually takes about 4 weeks to complete including the nerve
supply (233, 306) (Fig. 17.12). This type of healing will only
occur if the innermost cell layers along the root surface are
vital (142, 215).

Radiographically, there is a normal periodontal ligament
space without signs of root resorption (Fig. 17.13).

Clinically, the tooth is in a normal position with normal
mobility and a normal percussion tone can be elicited.

This type of healing will probably never take place under
clinical conditions (i.e. after tooth avulsion), as trauma will
result in at least minimal injury to the innermost layer of the
periodontal ligament, leading to surface resorption (see
Chapter 2, p. 81).

A

C

B

D

Fig. 17.11 Healing sequence in
the periodontal structures follow-
ing experimental tooth replan-
tations in dogs. A. Condition
immediately after replantation.
The line of separation is situated in
the middle of the periodontal 
ligament. ×75. B. Three days later
proliferating connective tissue 
cells invade the coagulum of the
severed periodontal ligament.
×75. C. Two weeks later new col-
lagenous fibers have bridged the
periodontal space. ×75. D. Normal
periodontal conditions 8 months
after replantation. ×75.
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Healing with surface resorption (repair-related
resorption)

Histologically, this type of healing is characterized by local-
ized areas along the root surface which show superficial
resorption lacunae repaired by new cementum. This condi-
tion has been termed surface resorption, presumably repre-
senting localized areas of damage to the periodontal
ligament or cementum which have been healed by peri-
odontal ligament-derived cells (44, 140, 142, 146, 221, 222).
In contrast to other types of resorption, surface resorption
is not progressive and self-limiting and shows repair with
new cementum (Fig. 17.14). Most resorption lacunae are
superficial and confined to the cementum. In cases of deeper
resorption cavities, however, healing occurs, but without
restoration of the original outline of the root. It should be

noted that resorption lacunae with similar morphology and
location have been reported on non-traumatized root sur-
faces with a frequency as high as 90% of all teeth examined
(49).

Due to their small size, surface resorptions are usually not
disclosed radiographically. However, with ideal angulation
of the central beam it is sometimes possible to recognize
small excavations of the root surface with an adjacent 
periodontal ligament space of normal width (Fig. 17.15).

Clinically, the tooth is in a normal position and a normal
percussion tone can be elicited.

Healing with ankylosis (replacement resorption)

Histologically, ankylosis represents a fusion of the alveolar
bone and the root surface and can be demonstrated 2 weeks

A B

Fig. 17.12 Healing with a normal
periodontal ligament following replan-
tation of a left lateral incisor. A. Apex
removed 4 months after replantation.
B. Normal periodontal ligament and
cementum. ×12 and ×195. From
ANDREASEN & HJÖRTING-HANSEN
(44) 1966.

2 wk 1 yr 1 yr 10 yr0 d

Fig. 17.13 Periodontal ligament healing after replantation of right central incisor. From ANDREASEN et al. (202) 1995.
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A
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Fig. 17.14 Healing with a normal
periodontal ligament and marked
surface resorption after replanta-
tion of a left central incisor. Extra-
alveolar period 95 minutes. A.
Immediately after replantation. B.
Five months later. Surface resorp-
tion of the root is evident (arrows).
C. and D. Condition 2 and 4 years
later. No progression of surface
resorption has occurred whereas
the pulp canal has become obliter-
ated. For orthodontic reasons the
tooth was later extracted. E. Low
power view of sectioned incisor.
×4. F. Large surface resorption
defect repaired with new cemen-
tum (arrows). The periodontal liga-
ment is normally structured. ×75.
G. Area without resorption. ×75.
H. Minor surface resorption areas
repaired with cementum. ×75. I.
Bone formation in the central part
of the pulp. An internal periodon-
tal ligament connects this structure
with the hard tissue deposited on
the canal walls. ×75.

0 d 1 wk 2 yr 3 yr 10 yr

Fig. 17.15 Surface resorption of a replanted right central incisor. Note the superficial appearance on the root and sparse involvement on the lamina
dura. The resorption cavity is stationary during the entire observation period. From ANDREASEN et al. (202) 1995.
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Fig. 17.16 Mobility and permanent
replacement resorption. Mobility
values indicated that an ankylosis was
established 4 weeks after replantation
(lower arrow). Replacement resorption
was first radiographically demonstra-
ble 6 weeks after replantation (upper
arrow). From ANDREASEN (171) 1975.

Fig. 17.17 Transient replacement
resorption. Mobility testing indicated
an ankylosis 16 weeks after replan-
tation. Ankylosis also demonstrable
radiographically (arrow). A normal
periodontal space was restored at later
controls. From ANDREASEN (171)
1975.

after replantation (138, 311). The etiology of replacement
resorption appears to be related to the absence of a vital
periodontal ligament cover on the root surface (141–143,
216, 221, 231, 234, 311). Replacement resorption develops in
two different directions, depending upon the extent of

damage to the periodontal ligament cover of the root: either
progressive replacement resorption, which gradually resorbs
the entire root, or transient replacement resorption, in which 
a once-established ankylosis later disappears (144, 171) 
(Figs 17.16 and 17.17). Progressive replacement resorption is
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always elicited when the entire periodontal ligament is
removed before replantation (143) or after extensive drying
of the tooth before replantation (143, 146). It is assumed
that the damaged periodontal ligament is repopulated from
adjacent bone marrow cells, which have osteogenic poten-
tial and will consequently form an ankylosis (172). Transient
replacement resorption is possibly related to areas of minor
damage to the root surface. In these cases, the ankylosis is
formed initially and later resorbed by adjacent areas of
vital periodontal ligament. This theory is supported 
experimentally by research in which the effect of limited
drying or limited removal of the periodontal ligament 
upon periodontal healing after replantation was studied
(144).

Figure 17.18 demonstrates an initial phase of replacement
resorption. The ankylosed root becomes part of the normal

bone remodeling system and is gradually replaced by bone.
After some time, little of the tooth substance remains. At this
stage, the resorptive processes are usually intensified along
the surface of the root canal filling, a phenomenon known
as tunneling resorption (Fig. 17.19).

Radiographically, ankylosis is characterized by dis-
appearance of the normal periodontal space and con-
tinuous replacement of root substance with bone (Fig.
17.20A–D).

Replacement resorption can first be recognized radi-
ographically 2 months after replantation; however, in most
cases 6 months or 1 year elapses (202) (Fig. 17.21).

Most cases can be diagnosed within 2 years, but it has
been found that up to 10 years may elapse before radi-
ographic diagnosis can be made (202) (Fig. 17.22). This
problem of diagnosing ankylosis has also been verified in

A 0 d B 2 yr

D

E

F

G

C

H

Fig. 17.18 Ankylosis (replace-
ment resorption) after replantation
of a right central incisor. A. Radio-
graph taken immediately after
replantation. B. Condition at the
time of extraction 2 years after
injury. C. Low-power view of 
sectioned incisor. ×5. D. Bony
union between root surface and
surrounding alveolar bone. Note
resorption lacunae with osteo-
clasts. ×75. E. and F. Replacement
resorption with apposition of bone
and active resorption (arrows).
×75. G. Surface resorption repaired
with cellular cementum. ×195. H.
Area with normal periodontal liga-
ment. ×195. From ANDREASEN &
HJÖRTING-HANSEN (44) 1966.
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A 0 d 3 yrB

D

E

F

G

C

H

Fig. 17.19 Advanced ankylosis (replace-
ment resorption) after replantation of upper
left central and lateral incisors. A. Radi-
ograph immediately after replantation. B.
Condition at time of removal of the central
incisor 3 years after replantation. C. Low
power view of sectioned incisor. ×12. D.
Apical part of root canal filling surrounded
by bone and connective tissue. ×30. E.
Haversian canal under remodeling. The walls
consist of both dentin and bone. Note tun-
neling resorption along the root canal filling
(arrows). ×30. F. Fragment of dentin incor-
porated in bone (arrows). ×30. G. Higher
magnification of F. ×195. H. Area with
normal cementum and periodontal tissue
including epithelial rests of Mallassez. ×195.
From ANDREASEN & HJÖRTING-HANSEN
(44) 1966.

A B C D

Fig. 17.20 Schematic and radiographic appear-
ance of replacement resorption. From
ANDREASEN & HJÖRTING-HANSEN (6) 1966.
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experimental studies, where histologic findings were com-
pared with radiography (235, 236).

Clinically, the ankylosed tooth is immobile and in chil-
dren frequently in infraposition. The percussion tone is
high, differing clearly from adjacent non-injured teeth. The
percussion test can often reveal replacement resorption in
its initial phases before it can be diagnosed radiographically
(171, 202, 235).

Cases of transient replacement resorption can sometimes
be demonstrated radiographically as small areas where the
periodontal ligament space has disappeared (Fig. 17.17).
Most often this type of ankylosis is demonstrated by its high
percussion tone. Disappearance of the ankylosis, which

always happens within the first year, is followed by the return
of a normal percussion tone (171).

Healing with inflammatory resorption (infection-
related resoprtion)

Histologically, inflammatory resorption is characterized by
bowl-shaped resorption cavities in cementum and dentin
associated with inflammatory changes in the adjacent 
periodontal tissue (44, 53–57, 139, 147) (Fig. 17.23). The
inflammatory reaction in the periodontium consists of
granulation tissue with numerous lymphocytes, plasma
cells, and polymorphonuclear leukocytes. Adjacent to these

2 wk 1 yr 3 yr 10 yr5 yr

Fig. 17.22 Late appearance of ankylosis. Resorption activity is suspected after 3 and 5 years and becomes manifest after 10 years. From ANDREASEN
et al. (202) 1995.

0 d 2 wk 3 wk 4 yr 5 yr

Fig. 17.21 Progression of replacement resorption is followed by tunneling inflammatory resorption along the root filling. From ANDREASEN et al.
(202) 1995.
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areas, the root surface undergoes intense resorption with
numerous Howship’s lacunae and osteoclasts.

The pathogenesis of inflammatory resorption can be
described as follows (139). Minor injuries to the periodon-
tal ligament and/or cementum due to trauma or contami-
nation with bacteria induce small resorption cavities on the
root surface, presumably in the same manner as in surface
resorption. If these resorption cavities expose dentinal
tubules and the root canal contains infected necrotic tissue,
toxins from these areas will penetrate along the dentinal
tubules to the lateral periodontal tissues and provoke an
inflammatory response. This in turn will intensify the
resorption process which advances towards the root canal
(44, 139). The resorption process can progress very rapidly,
i.e. within a few months the entire root can be resorbed.

Inflammatory resorption is especially frequent and
aggressive after replantation in patients from 6 to 10 years
of age. The explanation for this is probably a combination

of wide dentinal tubules and/or a thin protective cementum
cover (6, 139). In older age groups, the resorption process
follows a more protracted course.

It should be noted that replanted teeth can show 
simultaneous inflammatory and replacement resorption 
(Fig. 17.24). Moreover, if the resorption process is allowed
to progress and involve large areas of the root surface,
replacement resorption can take over once inflammatory
resorption has been arrested by endodontic therapy.

Radiographically, inflammatory resorption is character-
ized by radiolucent bowl shaped cavitations along the root
surface with corresponding excavations in the adjacent bone
(Fig. 17.25). The first radiographic sign of inflammatory
resorption can be demonstrated as early as 2 weeks after
replantation and is usually first recognized at the cervical
third of the root (6) (Fig. 17.25). As in the case of
ankylosis, this resorption type is usually evident within the
first 2 years after replantation.

A 0 d 3 moB

D

E

F

GC

Fig. 17.23 Inflammatory resorp-
tion after replantation of a right
central incisor.A. Radiograph taken
immediately after replantation.
B. Condition at time of removal 3
months later. C. Low power view of
sectioned incisor. The pulp shows
complete necrosis with autolysis.
An intense inflammatory reaction
is seen around the apical half of
the root. ×7. D. Granulation tissue
in relation to resorbed root surface.
×30. E.Area with active resorption.
×195. F. Surface resorption partly
repaired with new cementum.
×195. G. Necrotic pulp tissue. ×30.
From ANDREASEN & HJÖRTING-
HANSEN (44) 1966.
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B0 d 2 yr

Fig. 17.24 Replacement and
inflammatory resorption after
replantation of a left central
incisor. A. Radiograph taken imme-
diately after replantation. B. Con-
dition at time of removal 2 years
later. C. Low-power view of sec-
tioned incisor. Note partial pulp
necrosis and root resorption. ×5.
D. Arrested external root resorp-
tion. ×195. E. Acellular hard tissue
(presumably cementum) deposited
on the canal walls. ×195. F. Area
with replacement resorption. ×75.
G. Area with active inflammatory
resorption. ×30. H. Border zone
between vital and necrotic pulp
tissue. ×30. From ANDREASEN &
HJÖRTING-HANSEN (44) 1966.

0 d 1 wk 3 wk 4 wk 2 mo 3 mo

Fig. 17.25 Inflammatory resorption of a replanted right central incisor. Note the excavating nature of the resorption process on the root and a 
corresponding marked resorption of the lamina dura. From ANDREASEN & HJÖRTING-HANSEN (6) 1966.
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Clinically, the replanted tooth is loose and extruded.
Moreover, the tooth is sensitive to percussion and the 
percussion tone is dull (compared with ankylosis).

Treatment of the avulsed tooth

This issue has been the topic for several committees’
attempts to create evidence based guidelines. With respect
to avulsed teeth, this task is very difficult due to the paucity
of clinically documented studies. The reader is referred to
two published reviews by Barrett & Kenny (279) and Trope
(304). The present guidelines are primarily based on an
analysis of a series of experimental studies and a few clini-
cal studies where enough data support the given procedures.

At the site of accident

In some instances, a telephone call at the time of injury will
precede the office visit. In these cases, the patient or an avail-
able adult should be instructed to replant the tooth imme-
diately. In this way, the extra-alveolar period is decreased
and the prognosis improved significantly. Replantation can
be accomplished in the following manner.

If dirty, the tooth can be cleaned by simply rinsing it
under running, cold tap water for 10 seconds and placing it
immediately in its socket. This procedure has been found 
to decrease the extent of root resorption experimentally
(310). If the replantation procedure cannot be performed at
this time, the tooth can be stored in the patient’s buccal
vestibule. Animal experiments have shown that storage 
in milk or saliva has almost the same effect as storage in
saline. However, long-term storage in tap water (i.e. more
than 20 minutes) has an adverse effect on periodontal
healing (146, 202). After replantation and en route to the
dental office, the patient should be instructed to keep the
tooth in place with either finger pressure or by biting on a
handkerchief.

Avulsed teeth should always be replanted as soon as pos-
sible and if this is not possible a storage medium such as
saliva, saline or milk should be used to store the replanted
tooth until the dentist is visited. The patient should visit a
dentist emergency service as soon as possible.

At the clinic

The case history should include exact information on the
time interval between injury and replantation as well as the
conditions under which the tooth has been stored (e.g.
saline, saliva, milk, tap water, or dry).

In this regard a commercial tissue culture medium
(ViaSpan®) could be used for extra-oral storage. In vitro
experiments have shown it to be effective even for several
days of storage (238). In conditioned media it has been
shown experimentally that teeth can be kept in storage for
up to 96 hours and still present optimal healing (308).
Another medium that has shown good effect is Propolis®
(280). However, in vivo studies are still lacking that demon-

strate the effectiveness. Moreover, commercial storage media
are usually not available at the site of accident.

The avulsed tooth is examined for obvious contamina-
tion. The alveolus is also examined. As prognosis is signifi-
cantly related to the length of the extra-alveolar period,
pre-treatment radiographs can serve to extend this period
and should, therefore, be taken prior to treatment only 
if there is suspicion of comminution or fracture of the
socket wall.

Careful planning is of utmost importance for the success
of replantation of avulsed teeth. The following conditions
should be considered before replanting a permanent tooth:

(1) The avulsed tooth should be without advanced peri-
odontal disease (Fig. 17.2).

(2) The alveolar socket should be reasonably intact in order
to provide a seat for the avulsed tooth (Fig. 17.4).

(3) The extra-alveolar period should be considered, i.e. dry
extra-oral periods exceeding 1 hour are usually associ-
ated with marked root resorption.

(4) The stage of root development should be considered.

While certain conditions, such as those listed above, might
appear to contraindicate replantation of an avulsed incisor,
it should be borne in mind that the time of injury is often
not the time to make such decisions. Definitive treatment
planning (e.g. orthodontic evaluation of a crowded denti-
tion) can seldom be made in the heat of acute treatment.
Furthermore, an extended extra-oral period – even dry
storage – is not an absolute contraindication to replantation,
as the root surface can be treated chemically to protract 
the resorption process in mature teeth (see later). In most
situations, replantation of the avulsed tooth, even with a
dubious prognosis, can be performed and the tooth consid-
ered as a temporary restoration until such time as definitive
treatment planning, often following specialist consultation,
can be carried out.

If replantation is decided upon, the following procedures
are recommended (Fig. 17.26). The tooth is placed in saline.
If visibly contaminated, the root surface is rinsed with a
stream of saline from a syringe until visible contaminants
have been washed away, including around the apical
foramen. The alveolus is also rinsed with a flow of saline to
remove the contaminated coagulum. No effort should be
made to sterilize or mechanically cleanse the root surface, as
such procedures will damage or destroy vital periodontal
tissue and cementum (202).

In the case of a closed apex, the tooth is now replanted. In
the case of an open apex, a pretreatment with tetracycline
(solution or powder) may more than double the chance of
revascularization (see Ch. 5, p. 193). However, it should be
noted that these findings relate to animal experiments and
have not yet been verified in humans.

The socket is then examined. If there is evidence of
fracture, it is essential to reposition the fractured bone by
inserting an instrument in the socket and then modeling 
the bone. Local anesthesia is usually not necessary unless
gingival lacerations require suturing or the alveolar socket
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Fig. 17.26 Replantation of a
tooth with completed root for-
mation
Replantation of an avulsed maxillary
right central incisor in a 19-year-old
man. Radiographic examination shows
no sign of fracture or contusion of 
the alveolar socket. The tooth was
retrieved immediately after injury and
kept moist in the oral cavity. Upon
admission to the emergency service,
the avulsed incisor was placed in 
physiologic saline.

Rinsing the tooth
The tooth is examined for fractures,
position of the level of periodontal
attachment and signs of contamina-
tion. The tooth is then rinsed with a
stream of saline until all visible signs
of contamination have been removed.
If this is not effective, dirt is carefully
removed using a gauze sponge soaked
in saline. The coagulum in the alveolar
socket is flushed out using a stream of
saline.

Replanting the tooth
The tooth is grasped by the crown with
forceps and partially replanted in its
socket. Replantation is completed
using gentle finger pressure. If any
resistance is met, the tooth should be
removed, placed again in saline and
the socket inspected. A straight eleva-
tor is then inserted in the socket and
an index finger is placed labially. Using
lateral pressure, counterbalanced by
the finger pressure, the socket wall is
repositioned. Replantation can then
proceed as described.

Splinting
An acid-etch retained splint is applied.
As soon after injury as possible,
antibiotic therapy should be instituted.
Suggested dosage: penicillin 1 million
units immediately, thereafter 2–4
million units daily for 4 days. Good oral
hygiene is absolutely necessary in the
healing period. This includes brushing
with a soft tooth brush and a 0.1%
chlorhexidine mouth rinse.
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requires remodeling. The tooth is replanted using light
digital pressure. It is important that only light pressure is
used during the replantation procedure, as this will permit
detection of resistance from displaced alveolar bone frag-
ments that impede replantation. If resistance is met, the
tooth should again be placed in saline while the alveolus is
re-examined and any displaced bone fragments reposi-
tioned. Repositioning can then be completed. The replanted
incisor should fit loosely in the alveolus in order to prevent
further damage to the root surface.

Studies have shown that rigid splinting of replanted
mature and autotransplanted immature teeth increases the
extent of root resorption (147, 148, 173, 239–241, 303).
Replanted teeth should, therefore, only be splinted for a
minimal period of time. One week is normally sufficient to
ensure adequate periodontal support, as gingival fibers in
the cervical region are already healed by this time.

Proper repositioning can now be evaluated by the occlu-
sion and the tooth splinted to adjacent incisors. An acid
etch/resin splint is usually the method of choice. Finally,
a radiograph is taken once the splint has been applied,
to verify that the normal position of the tooth has been
achieved.

When the splint is to be removed, it is important to
remember that the replanted tooth is still rather loose. It is
therefore important to remove the splinting material care-
fully, with finger support on the replanted tooth. Further-
more, if endodontic treatment is indicated, it should be
carried out prior to splint removal (see suggestions in 
Ch. 22).

Tetanus prophylaxis is important, as most teeth have 
been in contact with soil, or the wound itself is soil-
contaminated.

The value of antibiotic therapy is at this time question-
able. Thus, experimental studies in monkeys have shown
that systemic antibiotics may lessen the resorption attack on
the root surface. However, pulpal healing is apparently not
affected (226, 242). In a recent clinical study, no effect of
antibiotics could be demonstrated in the frequency of pulpal
or periodontal healing (200, 202). From animal experimen-
tation, there seems to be an advantage of using tetracycline
instead of penicillin (see Ch. 5, p. 188), assuming the patient
is above 12 years of age (where the chance of discoloration
of developing teeth is at a minimum).

In case of a closed apical foramen, endodontic treatment
should always be performed prophylactically, as pulp necro-
sis can be anticipated. A long-debated question has been
whether root canal treatment of incisors with mature root
development (i.e. with the diameter of the apical foramen 
of less than 1.0 mm) should be performed before or after
replantation, if survival of the pulp cannot be expected.
Experimental studies in monkeys have shown that extra-oral
root filling procedures as well as the root filling materials
themselves apparently injure the periodontal ligament. This
could be a result of seepage through the apical foramen or
mechanical preparation of the root canal, which results 
in increased ankylosis apically when compared to non-
endodontically treated teeth (149, 152). Thus, endodontic

treatment should be delayed for 1 week after replantation in
order to prevent development of ankylosis and inflamma-
tory resorption, as well as to allow splicing of periodontal lig-
ament fibers which limits seepage of potentially harmful root
filling materials into the traumatized periodontal ligament.

Where the apical foramen is wide open and replantation
has been performed within 3 hours after injury, it is justifi-
able to await revascularization of the pulp (200, 243). In
these cases, the topical application of doxycycline in a con-
centration of 1 mg in 20 ml physiologic saline has been
shown to double the chance of revascularization in experi-
ments in monkeys (312–314) (see Chapter 5).

Radiographic controls should be made 2 and 3 weeks after
replantation, as the first evidence of root resorption and 
periapical osteitis can usually be seen at this time. If
this occurs, endodontic therapy should be initiated immedi-
ately and calcium hydroxide introduced into the root 
canal to eliminate periapical inflammation and arrest root
resorption (6, 45, 174, 244) (see Ch. 22, p. 621). The timing of
the endodontic procedure when pulpal revascularization is
absent is critical, as root resorption can proceed very rapidly
in teeth with incomplete root formation (i.e. with a speed of
up to 0.1 mm root substance loss per day) (Fig. 17.25).

In teeth with prolonged extra-alveolar periods, where the
periodontal ligament can be assumed to be necrotic, it has
been suggested that the root surface be treated with various
substances, such as sodium fluoride (175), tetracycline, stan-
nous fluoride (245, 246), citric acid (247, 248), hypochloric
acid (161), calcium hydroxide (178), formalin (179), alcohol
(180), diphosphonates (181), and indomethacin (249) in
order to inhibit root resorption. However, apart from
sodium fluoride, long-term resorption inhibition has not
been demonstrated (see Chapter 5).

The incorporation of fluoride ions in the cementum layer
has been found to yield a root surface resistant to resorption
(175). Thus, in experiments with monkeys, a significant
reduction in the amount of radiographically evident root
resorption was seen in teeth treated with a fluoride solution
(176). Based on these experiments, it has been suggested that
mature teeth with prolonged dry extra-alveolar periods (i.e.
greater than 1 hour) be placed in a fluoride solution (2.4%
sodium fluoride phosphate acidulated at pH 5.5) for 20
minutes prior to replantation (Fig. 17.27). Prior to this, the
necrotic periodontal ligament is removed e.g. with a scaler.
After immersion in the fluoride solution, the root surface is
rinsed with saline, the tooth replanted and then splinted for
6 weeks (177). The effect of this treatment seems to be a 50%
reduction of the progression of root resorption of replanted
human teeth (250).

Several attempts have been made to overcome the
problem of ankylosis by placing different materials between
the tooth and the socket, such as silicone grease and methyl
methacrylate (methyl-2-cyanoacrylate) (178, 182, 183),
absorbable surgical sponge (Gelfoam®, The Upjohn Co.,
Kalamazoo, USA) (184), venous tissue (160), fascia and
cutaneous connective tissue (156). The general outcome of
these experiments was that root resorption was either not
prevented or that the teeth were exfoliated.
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Fig. 17.27 Replanting a tooth
with an avital periodontal 
ligament
In this 21-year-old man, the tooth has
been kept dry for 24 hours. Total and
irreversible damage to the PDL and
pulp can be expected. Furthermore,
there is severe contusion of the alveo-
lar socket. In this situation, delayed
replantation (to allow healing of the
socket), treatment of the root surface
(to make it resistant to ankylosis) and
endodontic therapy (to prevent inflam-
matory resorption) is the treatment of
choice.

Treatment of the root surface
The avulsed tooth in this case was kept
dry in a refrigerator until healing of the
contused socket has taken place. Prior
to sodium fluoride treatment, the root
surface is rinsed and scraped clean of
the dead PDL and the pulp extirpated.
The goal of therapy is to incorporate
fluoride ions into the dentin and
cementum in order to protract the
resorption process.

Fluoride treatment of cementum
and dentin
The pulp is extirpated and the root
canal enlarged to provide access for
the fluoride solution along the entire
root canal. The tooth is then placed in
a 2.4% solution of sodium fluoride
(acidulated to pH = 5.5) for 20
minutes.

Endodontic treatment
After rinsing in saline, the root canal 
is obturated with gutta-percha and a
sealer.
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Condition of the socket
After 3 weeks, the socket area and the
contused gingiva are healed.

Replanting the tooth
The socket is evacuated with excava-
tors and a surgical bur. The tooth is
replanted after cleansing with saline to
remove excess fluoride solution.

Splinting
The tooth is splinted for 6 weeks in
order to create a solid ankylosis. In
these cases, where no periodontal 
ligament exists, ankylosis is the only
possible healing modality.

Follow-up
Radiographic follow-up over a 3-year
period shows no progression of the
ankylosis process.
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Fig. 17.28 Apical resection and
root extension with a ceramic
implant
Pulp necrosis and arrested root forma-
tion in a 10-year-old child subsequent
to trauma. The tooth is extracted with
forceps having diamond grips. It is
important that the forceps does not
touch cementum after incision of the
gingival fibers with a scalpel.

Preparing the root for the
implant
The apex is resected with a diamond
disc to a level where there is no
obvious resorption. The root canal is
enlarged with a bur which matches the
ceramic implant. The root canal is
enlarged with a bur with internal
cooling. During all tooth preparation
the root is kept moist with saline.

Cementing the implant
After drying the cavity with a sterile
pipe cleaner, an aluminium oxide or
titanium implant which matches the
dimension of the drill is cemented with
Diaket®.

Replanting the tooth
The base of the alveolus is enlarged
with a drill to accommodate the root
extension. After replantation, the tooth
is splinted for 2 to 4 weeks. Subse-
quently, the crown should be opened
palatally and filled to the level of the
implant. The radiographic condition is
shown 2 years after implantation. From
KIRSCHNER et al. (253) 1980.



Avulsions 465

To overcome the resorption problem, a number of proce-
dures have been developed, e.g. replacement of the apical
part of the root with a cast vitallium implant (68, 73, 78,
190). However, the results of these procedures have not been
convincing. An attempt has been made to prolong the life-
time of replanted teeth by a replacement of the root tip with
a ceramic implant (dense sintered aluminum oxide) or tita-
nium (251–262) (Fig. 17.28). Before replantation, the apical
half of the root is resected; the root canal is enlarged with
special burs, whereafter a corresponding ceramic implant is
cemented in place. Preliminary studies indicate that this
procedure, as expected, does not prevent root resorption,

but does tend to prolong the survival time of the replant
(261, 262, 305).

Follow-up procedures

Successive radiographic controls should be performed in the
follow-up period in order to disclose root resorption (199)
(see Appendix 3, p. 881). If not present within the first 2
years after injury, the risk of root resorption is significantly
reduced, but can still occur (202) (Fig. 17.29).

The onset of resorption appears to be earlier in cases 
with crown damage, visible contamination and dry extra-
alveolar time exceeding 15 minutes.

Fig. 17.29 Chance of detection of
root resorption with increasing obser-
vation period. From ANDREASEN et al.
(202) 1995.

A B C

Fig. 17.30 Cases demonstrating periodontal healing after replantation. A. Left central incisor replanted 13 years previously. B. Right central incisor
replanted 37 years previously. C. Two central incisors replanted 40 years previously. From ANDREASEN & HJÖRTING-HANSEN (6) 1966.



Prognosis

Replantation of teeth has been considered a temporary
measure as many teeth succumb to root resorption.
However, a number of cases have been reported where
replanted teeth have been in service for 20 to 40 years with
a normal periodontium, as revealed clinically (positive
pulpal sensibility) and radiographically (6, 63–68, 186) 
(Fig. 17.30 and Table 17.1). Such reports demonstrate that
replanted teeth, under certain conditions, can maintain their
integrity and function.

Tooth loss

Several studies have shown that teeth can function for 20
years or more after replantation (199, 263, 267) and that

tooth survival was significantly related to the stage of root
development at the time of injury, being more favorable
with increasing developmental maturity (199, 287) (Table
17.1).

Pulp necrosis

In rare cases, revascularization of the pulp will occur in
replanted teeth with completed root formation, provided
that replantation is carried out immediately (6, 43). Pulps of
teeth with incomplete root formation can become revascu-
larized if replantation is carried out within 3 hours (6, 8,
9, 43, 63, 66, 79–85, 191–196, 200, 243, 268–270, 282) 
(Fig. 17.31). Pulpal sensibility tests are unreliable immedi-
ately after replantation. Functional repair of pulpal nerve
fibers in human teeth is established approximately 36 days
after replantation. At this time electrical stimuli can elicit
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Table 17.1 Long-term results of replantation of avulsed permanent teeth.

Examiner Observation Age of No. of Tooth PDL Pulp Gingival
period years patients teeth survival healing healing healing
(mean) (mean) % % % %

Lenstrup & Skieller (7, 8) 1957, 1959 0.2–5 5–18 47 57 4 9
Andreasen & Hjörting-Hansen (6) 1966 0.2–15 6–24 110 54 4 20 95
Ravn & Helbo (69) 1966 5–15 28 4 4
Gröndahl et al. (187) 1974 2–5 45 69 7 23 67
Cvek et al. (188) 1974 2–6.5 6–17(11) 38 50
Hörster et al. (128) 1976 38 26
Kemp et al. (127) 1977 0.1–10 10–15 71 61 30
Ravn (129) 1977 7–16 20 5 20
Kock & Ullbro (263) 1982 1–9 7–17 55 65 4 27
Herforth (264) 1982 1–8(4.5) 7–15 79 51 4 11
Jacobsen (265) 1986 1–14(5) 59 39 15 29
Gonda et al. (266) 1990 0.6–6.5 (16) 27 70 15 41
Mackie & Worthington (267) 1992 1–7 6–14(9) 46 89 46
Andreasen et al. (199–203) 1994, 1995 0.2–20(5.1) 5–52(13.4) 400 70 8 36 93
Ebeseleder et al. (283) 1998 (2.5) 112 21
Kinirons et al. (286) 1999 6–16(9.8) 84
Schatz et al. (285) 1995 (2.9) 6–17 33 27 25
Kinirons et al. (284) 2000 2.1–13.3(5.1) 7.1–18(10.3) 128 23

Fig. 17.31 Pulpal healing in three replanted incisors after a long extra-alveolar period of 2 minutes dry and 88 minutes in saline in an 8-year-old boy.
From ANDREASEN et al. (200) 1995.
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0 d 2 mo 6 mo 1 yr 5 yr 10 yr

Fig. 17.32 Pulp canal obliteration after replantation of a left central incisor. The canal obliteration becomes apparent after 6 months. From ANDREASEN
et al. (200) 1995.

0 d 4 wk 4 mo 5 mo

Fig. 17.33 Inflammatory resorption of a left central incisor.

2 wk 3 wk 8 wk 10 wk

Fig. 17.34 Inflammatory resorption in a replanted central incisor. Resorption is evident after 3 weeks. The resorption cavities appear as radiolucent
areas within the root structure (white arrows). The mesial and distal part of the root also shows a resorption attack (gray arrows).



sensibility responses. With longer observation periods, an
increasing number of teeth will respond (43, 200). In the
absence of a reaction to electrical stimulation, it should be
borne in mind that a decrease in the size of the coronal part
of the pulp chamber or root canal on the radiograph is 
a more reliable sign of vital pulp tissue than thermal or 
electrical pulp testing (43) (Fig. 17.32).

The most significant predictors of pulpal healing appear
to be the width and length of the root canal as well as the
duration and type of extra-alveolar storage (200).

Pulp necrosis can usually be diagnosed after 2–4 weeks
and normally shows up as a combined apical radiolucency
and inflammatory resorption located to the midportion or
cervical part of the root (200, 202) (Figs 17.33, 17.34).

The width and length of the root canal

The relationship between the diameter of the apical foramen
and the chance of pulpal revascularization apparently is 
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Fig. 17.35 Relationship between size
of foramen and pulp revascularization
after replantation. From ANDREASEN
et al. (200) 1995.

Fig. 17.36 Relationship between
length of the pulp canal and pulpal
revascularization after replantation.
From ANDREASEN et al. (200) 1995.
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an expression of the size of the contact area at the pulpo-
periodontal interface (Fig. 17.35), whereas the length of the
root canal probably reflects the time necessary to repopulate
the ischemic pulp (200) (Fig. 17.36). With a favorable ratio
(i.e. broad apical foramen and short root canal versus a
narrow apical foramen and long root canal) the odds for an
intervening pulpal infection are reduced (Fig. 17.36). A lim-
iting factor in pulpal revascularization after replantation
appears to be an apical diameter of less than 1.0 mm (200,
243) (Fig. 17.35). This size, however, is to a certain degree

arbitrary, as pulps in teeth with constricted apical foramina
are usually extirpated prophylactically.

Storage period and storage media

Another significant relationship which could be demon-
strated in several clinical studies was the strong dependence
between storage period and media and pulpal healing (200,
267). This is possibly due to the detrimental effect of cellu-
lar dehydration during dry storage on the apical portion of

Fig. 17.37 Relationship between
pulpal healing of teeth with incom-
plete root formation and length of
extra-alveolar wet storage. From
ANDREASEN et al. (200) 1995.

Fig. 17.38 Relationship between
pulpal healing of teeth with incom-
plete root formation and type and
length of extra-alveolar dry storage.
From ANDREASEN et al. (200) 1995.



the pulp or by damage incurred by non-physiologic storage
(e.g. prolonged tap water storage, chloramine, chlorhexidine
and alcohol). The net result appears to be that with non-
physiologic storage, the chances of pulpal revascularization
are minimal; with storage in physiological media (e.g. saline,
saliva or milk), there is only a weak relationship between the
duration of storage and chances of pulpal revascularization
(200, 267) (Fig. 17.37); in contrast, dry storage yields a 
constant and, with time, increasingly harmful effect on 
pulpal healing (Fig. 17.38). However, when compared to
periodontal healing, this effect is less noticeable (200, 202).

In some cases where the Hertwig’s epithelial root sheath
has not survived, bony invasion of the root canal can take
place, which might later lead to internal ankylosis (202) (Fig.
17.14F).

Root resorption

Most replanted teeth demonstrate root resorption after a
certain period of time. In the literature, the frequency of
periodontal healing is usually around 20–25% (Table 17.1).
However, a recent study following a series of public infor-
mation campaigns showed a success rate of up to 36% after
replantation (199).

A number of clinical factors have been shown to be asso-
ciated with root resorption after replantation. Among these,
the length and type of extra-alveolar storage (201), stage of
root development and contamination of the root surface
(201, 284). The type and length of storage has been found
to be related to both the extent and progression of root

resorption (203). Among these, the length of the dry extra-
alveolar period seems to be the most crucial (6, 128, 171,
188, 189, 202, 203, 271–274, 285, 286) (Fig. 17.39). In a
follow-up study of 400 teeth replanted after traumatic
injury, 73% of the teeth replanted within 5 min demon-
strated PDL healing; in contrast, PDL healing occurred in
only 18% when the teeth were stored prior to replantation
(202). These findings are in agreement with animal experi-
ments (16, 28, 33, 70, 130, 146) assessing PDL vitality of
extracted teeth allowed to dry out for varying periods
(275–277).

Storage media

Dry storage leads to cell necrosis and compromised healing
(138, 146). Teeth prevented from drying will heal with a
normal ligament (301) In most clinical cases, avulsed teeth
have been stored either in the oral cavity or in other media,
such as physiologic saline or tap water, before replantation.
Tap water is detrimental to the cell viability (146, 188, 202)
The reason for this is the low osmolality of tap water, result-
ing in quick cell death (291, 292) Experimental studies have
indicated that the storage media more than the length of the
extra-alveolar period determine prognosis. Milk and saline
have been documented as good storage media in a number
of experimental studies (238, 288–300). The positive effect
of saliva for shorter storage periods have also been docu-
mented (146, 188, 289, 292).

Storage in saline or saliva did not significantly impair
periodontal healing, while even short dry storage periods
had an adverse effect (146, 272).

Although the above-mentioned experimental studies
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Fig. 17.39 Relationship between 
PDL healing, length of extra-alveolar
storage and stage of root develop-
ment. From ANDREASEN et al. (202)
1995.
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seem to stress the significance of the extra-alveolar period
with these media, a less pronounced effect has been found
in a larger clinical study (202, 203) (Figs 17.40 and 17.41).
It should also be mentioned that successful cases have been
reported after extra-alveolar periods of several hours (71, 72,
202).

Stage of root development

In a clinical avulsion situation, the layer of PDL on the 
root can vary in thickness from a single cell layer to the 
full thickness of a periodontal ligament. Thus, the more
mature the root formation the thinner is the PDL tissue

Fig. 17.40 Relationship between PDL
healing and length of extra-alveolar
dry storage. From ANDREASEN et al.
(202) 1995.

Fig. 17.41 Relationship between PDL
healing and length of extra-alveolar
wet storage. From ANDREASEN et al.
(202) 1995.
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layer. This could possibly explain the influence of root for-
mation upon development of root resorption found in a
recent clinical study (202). Thus, a thick periodontal liga-
ment, which supposedly can tolerate a certain dry period
before evaporation has killed the critical cell layers next to
the cementum, showed less dependence upon dry storage
(202, 221).

Among other factors influencing root resorption, experi-
mental and human data have shown that the removal of
the periodontal ligament prior to replantation is followed 
by extensive replacement resorption (25, 33, 48, 143).
Consequently, this procedure, unless performed in relation
to sodium fluoride treatment of the root surface is 
contraindicated (see p. 461).

Splinting

Several clinical and experimental studies have shown that
prolonged splinting (i.e. more than 10 days) leads to an
increase in replacement resorption (286). Movement during
healing promotes healing with less ankylosis (171, 303).

Timing of pulp extirpation

In a recent clinical study, it was found that delayed pulp
extirpation (i.e. after 20 days) resulted in acceleration of
inflammatory resorption (286).

Contamination of the root surface

Interesting studies have recently been published where the
extent of contamination of the root surface prior to replan-
tation and the cleansing procedure were found to be highly
significant for subsequent PDL healing events (Tables 17.2
and 17.3). Using the results from two clinical studies (202,
284) and one experimental study (280) it seems reasonable
to conclude that a short rinsing with tap water or saline is
recommended.

Replacement resorption (ankylosis)

Ankylosis can usually be diagnosed clinically by a percus-
sion test after 4–8 weeks, whereas radiographic evidence of
root resorption usually requires a year (202). A mechanical
device (Periotest®) which registers tooth mobility has also
been shown to provide an early diagnosis of ankylosis (278).

A marked difference in the rate of progression of ankylo-
sis is often seen in cases with similar extra-alveolar periods.
This phenomenon might be related to differences in the
initial damage to the root surface (6, 202, 203, 273), as well
as the age of the patient and the type of endodontic treat-
ment performed (203) (Fig. 17.42). Thus, if a tooth is
replanted shortly after avulsion, the periodontal ligament is
either re-established completely, or a few areas of ankylosis
can arise (274). In the latter case, a long period will elapse
before the process of replacement resorption results in total
resorption of the root. Conversely, in teeth replanted with a
long extra-alveolar period, an extensive ankylosis is formed
which leads to rapid resorption of the root.

An alveolar fracture has been found to increase the chance
of ankylosis (202) (Fig. 17.43).

If an ankylosis is established, its progression is also
dependent upon the age of the patient, or rather the
turnover rate of bone. Thus, replacement resorption is
usually very aggressive in young individuals and runs a very
protracted course in older patients (202, 203, 273).

A factor to be considered in young patients is that anky-
losis can anchor the tooth in its position and thus disturb
normal growth of the alveolar process. The result is a
marked infraocclusion of the replanted tooth with migra-
tion and malocclusion of adjacent teeth (6, 55, 69, 129, 281)
(Fig. 17.44). The treatment of choice in these cases is either
decoronation or luxation with subsequent orthodontic
extrusion (see Chapter 24, p. 700). Otherwise, later restora-
tive procedures may be unnecessarily complicated by tooth
migration and decreased height of the alveolar process 
(69). A review of treatment alternatives in cases with anky-
losis and their relation to the growth of the young patient
has recently been published (302).

In planning the decoronation of an ankylosed incisor, it
is important to consider that ankylosed roots will ultimately
be transformed to bone during the remodeling process. It 
is, therefore, not indicated to remove the root, as this will
lead to a marked reduction in the height of the alveolar
process. The treatment of choice is to remove the 
crown from the ankylosed and resorbed root and then
remove the root filling. This technique is described in
Chapter 24, p. 703.

In older patients an ankylosed tooth can be retained; the
life-span of such a tooth can vary from 10 to 20 years, due
to the slow remodeling rate of bone in older age groups.

Inflammatory root resorption (infection-related
root resorption)

Unless treated, inflammatory resorption can result in rapid
loss of the replanted tooth, even as early as 3 months after

Table 17.2 Relationship between visible contamination of the root
surface and cleansing procedures and subsequent root resorption. After
KINIRONS et al. (284) 2000.

Contamination n PDL resorption

None 70 40 (57%)
Washed clean 44 33 (75%)
Rubbed clean 8 7 (88%)
Replanted but not clean p = 0.01 6 6 (100%)

Table 17.3 Relation between visible contamination and subsequent root
resorption. After ANDREASEN et al. (202) 1995.

Contamination n PDL resorption

No 115 76 (64%)
Yes 56 11 (81%)
p = 0.05
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A B

Fig. 17.42 Difference in progression
of replacement resorption after replan-
tation. A. Marked replacement resorp-
tion of replanted right lateral incisor
after 11/2 years. B. Same degree of
replacement resorption 91/2 years after
replantation of right central incisor.
From ANDREASEN & HJÖRTING-
HANSEN (6) 1966.

0 d 0 d 3 mo

Fig. 17.43 The socket of the lateral incisor is involved in an alveolar fracture, leading to subsequent replacement resorption of the replanted incisor.

Fig. 17.44 Progressive infraocclusion
of an ankylosed replanted right central
incisor. The replantation was carried
out at the age of 7.



474 Chapter 17

replantation (6) (Fig. 17.25). This type of resorption is, as
mentioned before, related to the presence of an infected
pulp. Thus, human and experimental data indicate that
arrest of the resorptive processes can be achieved by appro-
priate endodontic therapy (6, 45, 149, 188, 202) (see Chapter
22, p. 632).

Replanted teeth can demonstrate simultaneous inflam-
matory and replacement resorption, a phenomenon 
possibly explained by superimposition of inflammatory
resorption when replacement resorption exposes infected

dentinal tubules or tubules leading to an infected necrotic
pulp (Fig. 17.45).

Resorption by erupting teeth

A special resorption phenomenon is encountered when a
replanted tooth comes into contact with an erupting tooth,
as when a lateral incisor lies close to the path of an erupting
canine. Apparently, the pressure exerted by the follicle of the
erupting tooth initiates or accelerates root resorption (202)

A B C

Fig. 17.45 Left central incisor with simultaneous replacement and inflammatory resorption. A. Condition 2 years after replantation. Marked replace-
ment resorption is evident. B. Three years after replantation. Replacement resorption has advanced to the root canal filling and inflammatory resorption
is superimposed (arrows). C. The extracted tooth shows tunnelling resorption along root canal filling (arrow).

0 d 2 mo 3 mo 1 yr 18 mo

Fig. 17.46 Resorption elicited by an erupting canine. Replantation of a left lateral incisor after extra-alveolar period of 90 minutes. Note marked root
resorption apparently provoked by the erupting canine. The obliteration of the root canal shows that the pulp has survived replantation. From ANDREASEN
et al. (201) 1995.
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(Fig. 17.46). A method to minimize the risk of resorption
from the erupting tooth could be early removal of the
primary predecessor in order to facilitate eruption, possibly
in a direction away from the replanted tooth.

Root development and disturbances in
root growth

Root growth

Continued root development can occur, especially if the
pulp has become totally revascularized (Fig. 17.47).

However, root development can continue despite pulp
necrosis (201) (Fig. 17.48). Most often, however, root 
development is partially or completely arrested and the 
root canal becomes obliterated (Fig. 17.49) or bone and 
PDL can invade the pulp chamber which in some cases 
can lead to an ankylosis (Fig. 17.50) (see also Chapter 
22).

Phantom roots

A rare complication to avulsion of immature permanent
teeth is the formation of an abnormal root structure at 
the site of tooth loss (118–120, 194, 197, 198). The 

0 d 6 mo 12 yr

Fig. 17.47 Continued root formation after replantation of a left central incisor.

0 d 6 mo 1 yr 2 yr 5 yr 10 yr

Fig. 17.48 Pulpal healing of a replanted maxillary right central incisor with full root and pulp canal obliteration after replantation. From ANDREASEN
et al. (201) 1995.



explanation for this appears to be that pulp tissue and
Hertwig’s epithelial root sheath remain in the alveolar socket
after avulsion. These tissues resume their formative function 
after injury. New dentin is formed by the odontoblasts,
and the Hertwig’s epithelial root sheath initiates root 
development (118) (Fig. 17.51). A parallel to this is the
tooth-like structures occasionally formed when natal or
neonatal teeth are extracted and the dental papilla is left 
in situ (121, 122).

Gingival healing and loss of 
marginal attachment

Gingival healing is a common finding after replantation,
irrespective of storage conditions (202) (Table 17.1). In cases
where the trauma has elicited extensive alveolar damage, loss
of marginal bone support may occur.

Complications due to early loss of teeth

Malformation in the developing dentition

If it is decided not to replant an avulsed permanent tooth,
problems arise with regard to further treatment. The same
applies to cases where extraction of the replanted tooth is
necessary due to root resorption. If no treatment is insti-
tuted, a marked degree of spontaneous tooth migration is
often seen (90–92, 129). Unfortunately, this drifting is often
esthetically undesirable due to midline deviation. Therapy
should therefore consist of either orthodontic space closure,
prosthetic tooth replacement or autotransplantation or
implantation to the site. These treatment solutions are
described in Chapters 24–29.

Predictors for pulpal and peridontal healing

The known predictors for pulpal healing appear in Fig. 17.52
(200) and for PDL healing in Fig. 17.53 (202).
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0 d 3 wk 6 mo 1 yr

Fig. 17.49 Continued root formation after partial pulp necrosis in a replanted left central incisor.

0 d 6 wk 1 yr 3 yr 10 yr

Fig. 17.50 Arrested root formation after replantation. Bone invasion in the root canal and formation of an internal PDL in a replanted right central
incisor. After 10 years infraocclusion was found apparently due to an internal ankylosis process. From ANDREASEN et al. (201) 1995.
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0 dA B

D

E

FC

7 yr

Fig. 17.51 Root structure formed
after avulsion of a permanent
central incisor at the age of 7
years. A. Radiographic condition
immediately after injury. B. At
follow-up 31/2 years later a root
structure is found at the site of the
avulsed tooth. C. The root is surgi-
cally removed. D. Low power view
of sectioned incisor. ×5. E. Frag-
ment of dentin (arrows) represent-
ing the apical area at time of injury
which together with the pulp
tissue and the Hertwig’s epithelial
root sheath has been left in the
tooth socket after avulsion. ×75. F.
Normal dentin and odontoblastic
layer in the coronal part of the root
structure. ×195. From RAVN (118)
1970.

Fig. 17.52 Predictors for pulp 
necrosis. From ANDREASEN et al. (200)
1995.



Tooth survival

In a large clinical study, it was found that over a 10-year
period, approximately 50% of teeth with immature root for-
mation survived, compared to 70% when root formation
was complete (199) (Fig. 17.54). This finding has been 
supported by a study by Barrett and Kenny (287) 1997.

Essentials

Terminology

Complete avulsion (exarticulation)
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Fig. 17.53 Predictors for root 
resorption. From ANDREASEN et al.
(202) 1995.

Fig. 17.54 Life table analysis of tooth
survival after 400 replantations related
to root development stage at time of
replantation. From ANDREASEN et al.
(199) 1995.
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Frequency

Permanent dentition: 0.5–3% dental injuries

Etiology

• Fall injuries
• Sports injuries
• Fight injuries

Advice for the site of accident 
(e.g. telephone advice)

• Replant the tooth (primary teeth should however not be
replanted.

• If contaminated rinse in tap water for 10 seconds.
• If not possible to replant store in patient’s mouth (saliva),

milk or saline.
• Visit a dental clinic as soon as possible.

History

• Extra-alveolar period
• Condition under which the tooth has been preserved

Clinical examination

• Condition of the avulsed tooth
• Condition of the alveolus

Radiographic examination

Associated bone fractures

Healing and pathology

Repair of pulpal and periodontal structures

Root resorption, external:

(1) Surface resorption (repair-related resorption), related to
minor areas of damage to the periodontal ligament
upon the avulsed tooth.

(2) Ankylosis (replacement resorption), permanent or
transient depending upon the initial extent of damage
to the periodontal ligament upon the avulsed tooth.

(3) Inflammatory resorption (infection-related resorp-
tion), related to the presence of an infected root canal
and associated damage to the root surface.

Treatment of permanent teeth

Indications for replantation

• The avulsed tooth should be without advanced periodon-
tal disease.

• The alveolar socket should be reasonably intact in order
to provide a seat for the avulsed tooth.

Procedure for replantation of teeth with open or
closed apices (Fig. 17.26)

(1) Immediate replantation by the patient should be
encouraged. Rinsing for 10 seconds in cold water
should be done before replantation. Otherwise the
tooth should be stored in saline, saliva or milk.

(2) If obviously contaminated, cleanse the root surface and

the apical foramen with a stream of saline (from a
syringe). No attempt should be made to sterilize the
root surface.

(3) In cases of immature root formation, the storage of the
tooth for 5 minutes in a suspension of 1mg doxycy-
cline in 20ml saline may double the chance of
revascularization.

(4) Flush the coagulum from the socket with a flow of saline.
Examine the alveolar socket. If there is a fracture of the
socket wall, reposition the fracture with an instrument.

(5) Closed apex: replant the tooth in the socket using light
digital pressure.
Open apex: in these cases, pretreatment of the root
with tetracycline may favor the chance of revascular-
ization of the pulp. (a) The tooth is placed in a tetra-
cycline solution for 5 min (doxycycline 10 mg/200 ml
saline). (b) Alternatively, the root surface including 
the apex is powdered with Minocycline® (Arestin®
Microspheres, Ora Pharma, Inc., 2005).

(6) Suture gingival lacerations.
(7) Apply a splint and maintain it for 7–10 days.
(8) Verify normal position of the replanted tooth 

radiographically.
(9) Provide tetanus prophylaxis and systemic antibiotic

therapy. For children 12 years and younger: penicillin
V at an appropriate dose for patient age and weight.
For children older than 12 years of age, where there is
little risk for tetracycline discoloration: tetracycline
(doxycycline 2x per day for 7 days at appropriate dose
for patient age and weight).

(10) In the case of mature teeth with a narrow apical
foramen, endodontic therapy should be instituted
7–10 days after replantation and prior to splint
removal (see Chapter 22, p. 620).

(11) When the apical foramen is wide open and the tooth
replanted within 3 hours, revascularization of the pulp
is possible.

(12) Control the tooth radiographically. If signs of
inflammatory resorption appear, institute root canal
treatment immediately (see Chapter 22, p. 632).

(13) Follow-up: minimum 1 year.

Long extra-alveolar period

In cases with an extra-oral dry period of 60 min or more,treat-
ment of the tooth with sodium fluoride should be considered.

(1) Remove the PDL and extirpate the pulp.
(2) Place the tooth for 20 min in a 2.4% sodium fluoride

solution acidulated to a pH of 5.5.
(3) Root fill the tooth extra-orally.
(4) Remove the coagulum from the socket.
(5) Replant the tooth.
(6) Splint the tooth for 4 weeks.
(7) Follow-up: minimum 1 year.

Treatment of root resorption

Surface resorption

No treatment indicated.
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Replacement resorption

• Decoronation in cases with progressive infraocclusion of
the ankylosed tooth and where residual alveolar growth is
anticipated.

• Otherwise, preservation of the tooth in the interim before
final treatment.

Inflammatory resorption

Institute root canal therapy (see Chapter 22, p. 632).

Prognosis

• Tooth survival: 21–89%
• PDL healing: 9–50%
• Pulp healing: 4–27%

Complications after premature loss of
permanent teeth

(1) Close the space orthodontically (see Chapter 24, p. 687).
(2) Maintain the space by means of autotransplantation,

bridge/implant prosthetics or orthodontic closure (see
Chapters 26–29).
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Terminology, frequency and etiology

Injuries to the supporting bone can be divided into the fol-
lowing types (Fig. 18.1):

(1) Comminution of the alveolar socket: Crushing of the
alveolar socket, associated with intrusive or lateral 
luxation.

(2) Fracture of the alveolar socket wall: A fracture confined
to the facial or lingual socket wall.

(3) Fracture of the alveolar process: A fracture of the alveolar
process which may or may not involve alveolar sockets.

(4) Fracture of mandible or maxilla (jaw fracture) A fracture
involving the base of the mandible or maxilla and
usually also the alveolar process. The fracture may or
may not involve alveolar sockets.

The primary etiologic factors are fights and automobile acci-
dents (1, 2). Thus, after automobile accidents, alveolar frac-
tures result from direct impact against the steering wheel or
other interior structures (2, 3, 76).

In infants, where only the incisors have erupted, lack of
support in the lateral regions can imply that forceful occlu-
sion resulting from impact to the chin can result in fracture
of the anterior portion of the alveolar process (Fig. 18.2).

Clinical findings

Clinical features and treatment of comminution of the
alveolar socket have already been described in connection
with luxation injuries (see Chapter 13, p. 372).

Fractures of the alveolar socket wall are primarily seen in
the upper incisor region, where the fracture usually involves
several teeth (1). Among associated dental injuries, luxation

with dislocation and avulsion are the most common (Fig.
18.3). Palpation usually discloses the fracture site. Abnormal
mobility of the socket wall is demonstrated when the mobil-
ity of involved teeth is tested.

Fractures of the alveolar process usually affect older age
groups. A common location is the anterior region, but the
canine and premolar regions can also be involved. The frac-
ture line may be positioned beyond the apices, but in most
cases involves the alveolar socket. In these cases concomitant
dental injuries, such as extrusive or lateral luxations as well
as root fractures, are common findings (1–6).

Fracture of the alveolar process is usually easy to diagnose
due to displacement and the mobility of the fragment (Fig.
18.4). Typically, when mobility of a single tooth is tested,
adjacent teeth move with it. Furthermore, the percussion
tone of the teeth in the fragment differs clearly from adja-
cent teeth in that the former yield a dull sound.

Approximately one-half of all jaw fractures involve teeth
in the fracture line (Fig. 18.5), and most of these are found
in the mandible (8) (see p. 496).

The location of jaw fractures is significantly related to the
state of the dentition (11). Of the tooth-bearing areas, the
lower third molar region is most often involved; the
mandibular canine, incisor and premolar regions follow
with decreasing frequency (12, 13). The presence of a mar-
ginal periodontal bone defect also appears to be related to
the location of a fracture line (85). In children, developing
permanent teeth in the line of fracture are usually seen in
the mandibular canine and incisor regions (14, 15).

Clinically, there is displacement of fragments and distur-
bance of occlusion (Fig. 18.5). Palpation with a finger placed
over the alveolar process can disclose a step in the bony con-
tours. In the absence of dislocation, bimanual manipulation
of the jaws will usually reveal mobility between the frag-
ments, often with accompanying crepitus. Pain provoked by
movement of the mandible or maxilla, or upon palpation,
is also a positive sign of fracture.

18
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A

D E F

B C

Fig. 18.1 Injuries to the supporting bone. A. Comminution of alveolar socket. B. Fractures of the facial or lingual alveolar socket wall. C and D. Frac-
tures of the alveolar process with (C) and without (D) involvement of the socket. E and F. Fractures of the mandible or maxilla (jaw fractures) with and
without involvement of the socket.
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Fig. 18.2 Pathogenesis of fractures of the mandibular alveolar process in infants. The energy from impact to the chin area is transmitted exclusively to
the incisor region due to the lack of lateral tooth support. From MÜLLER (4) 1969.

Fig. 18.3 Contusion and gingival 
laceration of the facial socket wall 
following avulsion of both central 
incisors.

A B

Fig. 18.4 A. Facial displacement of
alveolar fracture affecting left incisors
in a 2-year-old boy. B. Lingual dis-
placement of alveolar fracture, involv-
ing right incisors in a 11/2-year-old
child.
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A B

Fig. 18.5 A. Marked displacement of
fragments in a patient with jaw frac-
ture in the right molar region. B. Jaw,
fracture in right canine region. Note
gingival laceration and slight displace-
ment of fragments.

A B

Fig. 18.6 Lateral luxation of a maxil-
lary central incisor with associated
fracture of the facial socket wall. A. No
fracture visible on an intraoral radio-
graph. B. A fracture of the facial socket
wall is evident on a lateral extraoral
radiograph.

Fig. 18.7 Dislocation of mandibular alveolar fragment clearly demonstrated by the extraoral lateral radiographic technique (arrow).

Radiographic findings

Intraoral radiographs of the socket wall seldom reveal the
line of fracture; but a laterally exposed extraoral radiograph

will usually disclose the fracture’s location (Fig. 18.6). In
fractures involving the alveolar process, a distinct fracture
line is usually visible in intraoral as well as extraoral radi-
ographs (Figs 18.6–18.8). Fracture lines may be positioned
at all levels, from the marginal bone to the root apex (Fig.
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18.8). Despite strong clinical evidence of a fracture, they are
often very difficult to visualize radiographically (Figs 18.9
and 18.10). When fracture lines traverse interdental septa,
extrusive luxation and root fractures are often concomitant
findings. Fractures involving the most apical portion of the
root are quite common, but are often overlooked, especially
in the lower anterior region. On the other hand, alveolar
fracture lines transversing the apices may simulate root frac-
tures. Careful examination of the radiographs (e.g. continu-
ity of root surfaces and root canals) will usually reveal a
superimposed fracture line and intact teeth (Fig. 18.9).
Moreover, superimposed alveolar fracture lines will change
position in relation to height along the root surface 
when the angulation of the central beam is altered (Fig.
18.11).

Radiographic examination of mandibular or maxillary
fractures with tooth involvement should include extraoral as
well as intraoral exposures. Generally, extraoral radiographs,

especially panoramic exposures, are valuable in determining
the course and position of fracture lines (84, 85) (Fig. 18.12),
while intraoral radiographs can reveal the relationship
between the fracture line and involved teeth. This is espe-
cially important in cases of maxillary fractures, which can
be difficult to diagnose from extraoral radiographs due to
superimposition of many anatomical structures (Fig. 18.13).

The fracture usually follows the midline of the septum or
the contours of the alveolar socket; but a combination of
these routes can sometimes be seen (Fig. 18.14). Fractures
of the body of the mandible do not always run parallel with
the long axis of the teeth, but obliquely downwards and 
posterior towards the base of the mandible (13, 16) (Fig.
18.15).

Fractures generally follow the path of least resistance (Figs
18.14 and 18.16). Thus, at the angle of the mandible, the
position of the lower third molar generally determines the
course of the fracture line (13, 114).

A B C

Fig. 18.8 Various locations of alveolar fractures. A. Fracture line passing through the marginal part of the interdental septum (arrow). B. Alveolar frac-
ture traversing the septal bone close to the midportion of the root (arrow). Note the marked extrusive luxation of involved teeth. C. Alveolar fracture
located close to the apices (arrow).

Fig. 18.9 Fracture of the right maxillary alveolar process. Radiograph taken after reduction reveals the fracture line. Note the associated root fracture
of upper first premolar. The alveolar fracture mimics a root fracture in the canine region.
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A B

Fig. 18.11 Alveolar fracture in the
canine and premolar regions. A. In the
canine region the fracture line simu-
lates a root fracture. B. By altering
angulation of the central beam, the
superimposed fracture line changes
position, thus ruling out a root fracture.

Fig. 18.12 Fracture lines in the premolar and third molar regions as revealed by panoramic technique.

Fig. 18.10 Alveolar fracture confined
to the central incisor region. Although
clinically obvious at the time of injury,
there is no clear radiographic evidence
of bone fracture.
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It should be remembered that two lines will be seen radio-
graphically if the central beam is not parallel to the plane of
fracture, as the fracture lines of both outer and inner corti-
cal bone plates will be depicted (114) (Figs 18.17 and 18.18).

Pathology

Most fractures of the supporting bone represent a complex
injury where there is damage not only to supporting bone
but also to the pulp, periodontal ligament and the gingiva
(Fig. 18.19). Due to this multiplicity of involved tissues,

various types of healing complications can occur, such 
as loss of supporting bone, root resorption and pulp 
necrosis.

Adequate knowledge of bony repair after fracture is nec-
essary in order to appreciate the role teeth play in these
events. As relatively little information exists on the healing
events after jaw fractures, most of our present knowledge is
derived from clinical and experimental findings from frac-
tures of the shaft of long bones (18, 19, 20–44) and a few
studies in dogs (22–25). The following description of frac-
ture healing is therefore based upon the latter material.
Special implications for bone healing in the jaws will be dis-
cussed later in this chapter.

A B C

Fig. 18.13 Fracture of the maxilla involving incisors, premolars, and molars. A. Only few details are depicted on extraoral radiograph. B. and C. Intra-
oral radiographs reveal the relationship between involved teeth and fracture lines.

A B C

Fig. 18.14 Different courses of jaw fracture line following the periodontal ligament space. A. Jaw fracture passing through the periodontal ligament.
B. Jaw fracture passing through the middle of the interdental septum. C. Combination of periodontal and septal involvement.
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The events immediately following fracture include
extravasation and clotting of blood exuding from injured
vessels. The normal vascular supply to the fracture site is
compromised and necrosis of osteocytes is seen in adjacent
areas. Organization of the blood clot by formation of gran-
ulation tissue begins within the first 24 hours after injury.
Its primary function is removal of necrotic or damaged
tissue components. The granulation tissue becomes dense
connective tissue in which cartilage and fibrocartilage
develop, forming a cuff of fibrocartilaginous callus around
the fracture site and thereby closes the gap between the frac-
ture edges.

New bone originating from the deeper layers of the
periosteum and endosteum is formed some distance from
the fracture site. Immature bone then invades the fibrocar-
tilaginous callus and ultimately unites the two fragments,

whereupon mineralization of the callus takes place. At the
same time, resorptive and remodeling processes make the
bone structure on either side of the fracture less dense, a
change often observed in follow-up radiographs (26). Sub-
sequently, reorganization of the bony callus occurs, and the
immature fibrillar bone is replaced by mature lamellated
bone. Eventually, functional reconstruction takes place, i.e.
internal reconstruction and resorption of excess bone.

It is presumed that the above-mentioned healing pro-
cesses also apply to jaw fractures. The presence of a cartil-
aginous callus has, however, been questioned. In a study of
experimental jaw fractures in dogs, no evidence of cartilage
formation was found (22), whereas other investigators have
found occasional islands of cartilage in animal experiments
(23–25, 33, 35) and in human material (26). Finally, it has
been shown that mobility of the jaw fragments influences

Fig. 18.15 Location and course of fracture lines in 225 patients with mandibular fractures due to fights. The course of the fracture lines was deter-
mined from panoramic radiographs. Note that the majority of the fracture lines are situated in the so-called weak areas of the mandible, the subcondylar,
third molar, and canine regions. Fractures of the body of the mandible usually run obliquely downwards and backwards to the base of the mandible.
From OIKARINEN & MALMSTRÖM (13) 1969.

Fig. 18.16 Fracture lines in the lower third molar region following the line of least resistance as determined by impacted third molars.
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A B

C D

Fig. 18.17 Diagrams illustrating the
difference in the radiographic appear-
ance of a single fracture line depend-
ing on the angle of the central beam.
A and B. Central beam parallel to the
fracture plane results in a single frac-
ture line. C and D. A more posterior
exposure results in projection of the
fracture of the outer and inner cortical
bone plate as separate lines.

Fig. 18.18 Radiographs illustrating change in position of the fracture lines when the angle of the central beam is altered. A. Central ray almost paral-
lel to the fracture plane. B. A change in the projection angle results in two distinct fracture lines (arrows).
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the rate of bony callus formation. When fragments are
mobile, more time elapses before bony bridging is seen as
compared to immobilized fractures (24).

The influence of the presence of teeth upon fracture
healing has been elucidated primarily by animal experi-
ments (22, 28–31). Experimental jaw fractures in dogs, with
teeth present along the fracture line, have revealed forma-
tion of granulation tissue which resorbs the interdental bone
and adjacent root surfaces (22). Examination of human
teeth located along the fracture line, however, has shown 
evidence of repair of resorption areas (45, 46).

Figs 18.20 and 18.21 show the early histologic healing
events following fracture of the vestibular socket wall and
alveolar process.

Treatment

Fractures of the socket wall

Fractures of the socket wall are usually associated with dis-
location of teeth. Thus, the first step after administration of

Fig. 18.19 Fracture of the alveolar process. Both the PDL and the neurovascular supply to the pulp are severed.
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A B C

Fig. 18.20 Early histologic changes following fracture of the facial socket wall in a 11/2-year-old child. A. Low-power view of sectioned incisor, removed
5 days after injury. ×5. B and C. Higher magnification of the fracture area. The blood clot has been organized by granulation tissue. ×30 and ×195.

A

B

D

C

E

Fig. 18.21 Healing events follow-
ing a fracture of the alveolar
process in the mandibular incisor
region. A. Radiograph taken at
time of injury. B. Surgical specimen
including apex of left lateral incisor
removed 18 days after trauma.
×10. C. Superficial resorption of
the mesial aspect of the root
(arrows). ×30. D. Remnants of
coagulum. ×195. E. Developing
young immature bone bridging the
fracture line. ×75.



500 Chapter 18

local anesthesia is to reposition the displaced teeth. Reduc-
tion in these cases is similar to that after lateral luxation (see
Chapter 15, p. 418); that is, by disengaging the apices from
the vestibular bone plate. This is done by simultaneous
digital pressure in an incisal direction over the apical area
and in a facial direction at the lingual aspect of the crown.
This maneuver will usually free the apices and permit repo-
sitioning of the fragment. The socket wall is repositioned at
the same time. In case of open comminuted fractures, it may
be necessary to remove loose fragments which are not
adherent to the periosteum. Clinical experience has shown
that, despite removal of the entire vestibular bone plate,
there is still enough structural support to ensure adequate
stability of the teeth. After reduction of displaced teeth and
bone fractures, lacerations of soft tissues should be sutured.
Although it is tempting to suture immediately, suturing of
soft tissue wounds should be left to last, as suturing early in
the treatment procedure limits access for repositioning pro-
cedures. Splinting is carried out according to the principles
outlined in Chapter 32.

Due to rapid bony healing in children, most fractures of
the alveolar socket wall involving the primary dentition do
not require splinting. In these cases, the parents should be
instructed to restrict nourishment to a soft diet during the
first 2 weeks after injury.

Fractures of the alveolar process

Treatment of fractures of the alveolar process includes
reduction and immobilization (4, 6, 47–50, 76–77) (Fig.
18.22). After administration of local anesthesia, the alveolar
fragment is repositioned with digital pressure. In this type
of fracture, apices of involved teeth can often be locked in
position by the vestibular bone plate. Reduction in these
cases follows the principles mentioned under fractures of
the alveolar socket wall.

Splinting of alveolar fractures can be achieved by means
of an acid-etch/resin splint or arch bars. Intermaxillary fix-
ation is not required provided that a stable splint is used
(Fig. 18.22). A fixation period of 4 weeks is usually recom-
mended. However, due to more rapid healing in children,
this period can be reduced to 3 weeks.

Teeth in a loose alveolar fragment might be doomed 
to extraction due to marginal or periapical inflam-
mation. However, these extractions should generally be
postponed until bony healing has stabilized the fragment
(Fig. 18.23), otherwise the entire alveolar fragment might 
be inadvertently removed with the teeth. Again, regarding
treatment sequence, associated soft tissue lacerations 
should be sutured last in order to allow access for intraoral
manipulation.

Treatment of alveolar fractures in children offers special
problems due to lack of sufficient teeth for splinting proce-
dures. In most cases where the fragment can be reduced into
a stable position, one can omit the splinting procedure. In
such cases, nourishment should be restricted to soft or liquid
foods. Alternatively, an acrylic splint fastened with per-

mandibular wires can be a solution (see Chapter 
19).

Fractures of the mandible or maxilla

Jaw fracture and especially mandibular fracture are often
combined with dental injuries (118).

The management of fractures of the mandible or maxilla
involves many procedures beyond the scope of this book. In
this regard, only teeth involved in the fracture area will be
considered. The reader is otherwise referred to standard
textbooks on this subject (53, 86, 87).

Treatment of jaw fractures in children with developing
teeth in the line of fracture follows the given general princi-
ples, i.e. exact repositioning and usually intermaxillary fixa-
tion. A review survey article has been published by Hard 
and von Arx (119). It is important that developing perma-
nent teeth in the fracture line be preserved. The only excep-
tion would be in cases of infection along the fracture line
being maintained by infected tooth germs (54, 55, 120).
Moreover, in case of open reduction, screws should be place
at a distance from developing teeth (120–122) (see Chapter
20).

Treatment of jaw fractures in adults with teeth in the frac-
ture line is a controversial issue (68) and has been the subject
of a review article (88). Particularly prior to the antibiotic
era, it was customary to extract all teeth in the fracture line.
However, studies have shown that this approach does not
reduce the frequency of complications, which has gradually
led to more conservative treatment.

Teeth in the line of fracture

In the past, a number of clinical studies have appeared con-
cerning the effect of various factors related to healing com-
plications when teeth were involved in the line of fracture
(56–63, 68–74, 78–82, 123, 150). However, all of these
studies are retrospective, implying a possible bias in the eval-
uation of extraction therapy and the use of antibiotics. The
resultant conclusions should therefore be regarded with
extreme caution. In the following, a survey of factors related
to fracture healing complications is presented.

The presence of teeth in the fracture line apparently rep-
resents an increased risk for infection compared to a frac-
ture where no teeth are involved (68, 89).

Type of teeth involved

The type of tooth involved also appears to be of importance.
Thus, multirooted teeth appear to enhance the risk of
complications compared to single-rooted teeth (68, 70)
(Table 18.1).
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Fig. 18.22 Treatment of an alveo-
lar fracture
This 21-year-old woman suffered a
fracture of the maxillary alveolar
process including the lateral and
central incisors.

Anesthetizing the traumatized
region
An infraorbital block and infiltration to
the incisive canal are necessary prior to
repositioning.

Repositioning
With firm finger pressure to the apical
region, the apices are disengaged. If
this is not possible, the fragment must
be moved in a coronal and palatal
direction with the help of a forceps.

Verifying repositioning
Occlusion is checked and a radiograph
taken to verify adequate repositioning.
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Splinting
The incisal one-third of the labial
aspect of injured and adjacent teeth
are acid-etched (30 seconds) with
phosphoric acid gel. The etchant is
removed with a 20-second water
spray. The labial enamel is dried with
compressed air, revealing the mat,
etched surface, whereafter the splint-
ing material is applied. During poly-
merization of the splinting material,
the patient occludes in order to ensure
correct repositioning of the alveolar
segment.

Removing the splint
After 4 weeks the splint is removed
with a scaler or fissure bur.

Controlling pulpal sensitivity
Pulpal revascularization is monitored
after 3 months. Due to a lack of
response to pulp testing as well as a
slight apical radiolucency, pulp necrosis
is suspected.

Finished splint
The splint does not contact the gingiva
so that optimal oral hygiene can be
maintained.
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Eruption status

The most frequent tooth involved in jaw fractures appears
to be the third molar. The eruption status of this tooth
(especially semi-erupted) appears to be significantly related
to the occurrence of healing complications. Thus, compli-
cations are usually only seen with semi-erupted mandibular
third molars; whereas fully erupted or impacted third
molars rarely develop complications along the line of frac-
ture (91) (Fig. 18.24).

Extraction of teeth

In general, no beneficial effect has been demonstrated fol-
lowing the extraction of teeth in the line of fracture. In fact,
a few studies have shown an increased morbidity (57–59, 79,
124) but most studies no effect of extraction (56, 77, 78, 89,
90, 92, 113, 125, 126, 150). However, none of the cited

A B C

Fig. 18.23 A and B. Alveolar fracture in left incisor and canine region associated with marginal periodontitis. It was decided to splint the fracture and
postpone extraction of lower incisors for 6 weeks. C. Lower incisors extracted without damage to the alveolar process.

Table 18.1 Frequency of complicated fracture healing in adults with
teeth preserved along the fracture line.

Examiner No. of No. of 
cases complications

(inflammation)

Götte (57) 1959 178** 30 (17%)
Andrä & Sonnenburg (56) 1966 264** 40 (15%)
Andrä & Sonnenburg (56) 1966 139*+ 7 (5%)
Müller (68) 1968 118++ 23 (19%)
Neal et al. (79) 1978 132* 39 (29%)
Rink & Stoehr (91) 1978 99* 13 (13%)
Kahnberg & Ridell (81) 1979 132* 10 (8%)
Choung et al. (89) 1983 152** 4 (3%)
de Amaratunga (92) 1987 124** 6 (5%)
Gerbino et al. (124) 1997 78 8 (10%)
Krenkel & Grunert (152) 1986 36 0 (0%)
Marker et al. (123) 1994 57*++ 2 (4%)
Rubin et al. (125) 1990 69*++ 16 (23%)
Ellis (150) 2002 258 (19.5%)

* antibiotics given in all cases; ** antibiotics given in some cases;
+ single-rooted teeth; ++ multi-rooted teeth.

Fig. 18.24 The infection risk in the
fracture bone is strongly related to the
eruption status of the third molar.
The frequency is indicated according to
RINK & STOEHR (91) 1978.
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studies were designed as randomized investigations with
respect to extraction of teeth in the line of fracture. Only one
randomized study has been published dealing with the effect
of extracting the third molar. In this study it was found that
only removal of semiimpacted molars had en advantage in
avoiding fracture healing complications (91) (Fig. 18.24).
Furthermore, there was no difference in the complication
rate of completely impacted teeth, whether open or closed
repositioning (114).

Effect of antibiotics

In cases of conservatively or surgically treated mandibular
fractures, prospective randomized studies have shown that
antibiotic treatment given from 30 min before surgery and
up to 1 day afterwards significantly decreased the frequency
of infection (93–95, 126, 127). However, an increase in
antibiotic coverage for more than 1 day did not decrease the
rate of infection (94, 95, 127, 128).

The effect of antibiotics on infection in the line of frac-
ture in dentulous parts of the jaws is presently a subject of
debate. If teeth are present in the line of fracture, there is an
uncertain (56, 57) or no value of antibiotic therapy (91),
whereas one study showed a positive effect (60).

If teeth were extracted, the rate of infection was unaf-
fected by antibiotic therapy in one investigation (91) and
found to be reduced in another (56). In one study, it was
found that a positive effect was only related to multirooted
teeth (68).

Delay in treatment

Delay in treatment seems to play a questionable role in the
frequency of healing complications. In case of alveolar frac-
tures, treatment delay appears to be related to pulp necrosis
and root resorption (6). Concerning jaw fractures, four
studies showed no significant difference between immediate
and delayed treatment (126, 154–156). One study showed a
preference for healing for cases treated within 3 days (153),
whereas another study indicated that treatment between 3
and 5 days after injury was optimal, with the lowest rate of
complications (97). In conclusion, there is presently no
strong evidence for either acute or delayed treatment of
mandibular fractures in order to minimize healing compli-
cations; new studies, including a number of cases treated on
an acute basis, are needed (157).

Type of splinting

An increase in the rate of infection was found following rigid
internal fixation (i.e. surgical repositioning and osteosyn-
thesis using wire or plates) in fractures with teeth in the 
fracture line compared to similar fractures treated by 
closed reduction and conventional intermaxillary fixation
(98–100).

Another factor which influences fracture healing is rigid
arch bar fixation compared to a flexible wire splint. By 
eliminating movement of the fragments, seepage of saliva
along the fracture line is prevented, which thus decreases the
possibility of secondary infection (57). Finally, interdental
wiring in jaw fractures does not appear to lead to adverse
effects in the periodontium (138).

In conclusion, teeth present in the line of fracture should
generally be preserved, as they can later serve as functional
units. Moreover, their removal may further traumatize the
fracture site and lead to dislocation of the fragment (59,
101). Exceptions to this approach would be teeth with
crown-root fractures, semi erupted third molars and teeth
with severe marginal or apical breakdown whose fate is
already compromised. Teeth with pulp necrosis and apical
breakdown can possibly be saved by endodontic therapy.
This also applies to teeth with complicated crown and root
fractures. Treatment of these injuries follows principles out-
lined in previous chapters. However, root canal treatment
must necessarily be postponed until the intermaxillary fix-
ation has been removed. When pulp exposures due to crown
fractures are present, pulp extirpation should be carried out
and the root canal provisionally sealed until removal of the
intermaxillary fixation allows completion of therapy. Root
fractured teeth are stabilized with splints.

If inflammation occurs, the treatment of choice is anti-
biotic therapy, possibly together with extraction of
teeth involved in the inflammatory process, or endodontic
therapy if pulp necrosis has developed.

Prognosis

Fractures of the socket wall

The immediate course of healing after fracture of the socket
wall is usually uneventful; however, later follow-ups can
reveal resorption of roots of involved teeth. These events are
described for laterally luxated teeth (see Chapter 15, p. 411).

Fractures of the alveolar process

The healing events of alveolar fractures in the permanent
dentition are in most cases uneventful; however, in rare
cases, sequestration of bone and/or involved teeth can occur
(Fig. 18.25). Careful follow-up is mandatory in order to reg-
ister later pulp necrosis and periapical inflammation (5, 6).
Such complications are rather frequent and apparently
related to the time interval between injury and fixation (Fig.
18.26). Thus, teeth splinted within 1 hour after injury
develop pulp necrosis less frequently than teeth splinted
after longer intervals (6).

Apart from pulp necrosis, pulp canal obliteration, root
resorption (Table 18.2 and Figs 18.27 and 18.28) and loss of
supporting bone (Fig. 18.29) are common complications
(6).
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Concerning the prognosis of alveolar fractures in the
primary dentition, it has been found that root development
of preserved primary teeth is often arrested (51).

Fractures of the mandible or maxilla 
in children

Inflammation at the line of fracture

Fractures of the mandible or maxilla in children with devel-
oping teeth along the fracture line are seldom complicated
by inflammation. It appears from the studies listed in Table
18.3 that frequencies of complications were found to range
from 10 to 18%. The clinical picture of inflammation in the
fracture area is characterized by swelling and abscess for-
mation. Draining fistulae may also develop, as well as imme-

diate or protracted sequestration of involved tooth germs
(65).

When inflammation does occur, antibiotic therapy is the
treatment of choice. Surgical removal of involved teeth may
be indicated if radiographs reveal infected tooth germs in
the fracture area (64–67). In such cases, osteolytic changes
will be found in the fracture area, with disappearance of dis-
tinct outlines of the dental crypts of the involved teeth. It is
conjectured from animal experiments (27) and human data
(65) that infected tooth germs in these cases are responsible
for protracted inflammation.

Disturbances in the developing dentition

Another problem which should be considered when treat-
ing jaw fractures in children is odontogenic disturbances in
involved developing teeth (see Chapter 20, p. 544).

1 d 10 wkBA

Fig. 18.25 Persistent infection in the
fracture line of an alveolar fracture
involving canine and premolars. A.
Condition immediately after injury. B.
Radiograph 10 weeks later reveals
marked bone destruction in the frac-
ture area.

Fig. 18.26 Pulpal healing after alve-
olar fracture in the permanent denti-
tion. From ANDREASEN (6) 1970.
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Fig. 18.27 Periodontal healing after
alveolar fracture in the permanent
dentition. From ANDREASEN (6) 1970.

A B C

Fig. 18.28 Root resorption and periapical inflammation after an alveolar fracture involving incisors and left canine. A. Condition after injury. B. Re-
examination 3 years after injury reveals periapical inflammation as well as inflammatory root resorption. C. Clinical view of extracted canine. Marked
resorption areas present on root surface. From ANDREASEN (6) 1970.

Table 18.2 Frequency of late dental complications following fractures of the alveolar process.

No. of No. of Frequency Frequency of Frequency of Frequency of 
cases involved of pulp pulp canal progressive loss of marginal

teeth necrosis obliteration root resorption supporting bone

Andreasen (6) 1970 29 71 75% 15% 11% 13%
Krenkel & Grunert (152) 1986 23 73 63% 11% 6% 6%
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Fractures of the mandible or maxilla 
in adults

Fibrous union

In a recent study of 714 mandibular fractures, fibrous union
was found in 27 patients (3.8%); and was apparently related
to the presence of teeth in the fracture line. However, a more
detailed analysis of this material revealed no relation to frac-
ture sites where teeth had been removed or maintained
(145).

Inflammation at the line of fracture

Studies of jaw fractures in adults have shown that the fre-
quency of inflammatory complications along the line of
fracture when teeth are preserved ranges from 3 to 29%
(Table 18.1, Fig. 18.30). A tooth positioned along the line of
fracture can be the source of inflammation due to pulp
necrosis from compromised circulation to the pulpal tissues
or already established infection in the pulp which can spread
to the fracture site (Fig. 18.31). This finding is supported by
the finding that pulp necrosis in involved teeth is common

when a fracture directly involves the apical region (69, 82).
Infection can also occur along the denuded root surface
when a fracture directly involves the alveolar socket 
(26).

Pulpal healing and pulp necrosis

Teeth preserved along a fracture line should be carefully fol-
lowed in order to detect later pulp necrosis (58, 69, 74, 81,
102, 140, 142) (Table 18.4). In interpreting pulpal sensibil-
ity of involved teeth, one should remember that reactions
may be temporarily decreased and later return to normal
(75, 81, 103). It has been found that pulp necrosis is prima-
rily associated with the relationship of the apices of involved
teeth to the fracture line (69, 82, 83, 102). Thus, if the apex
is exposed by the fracture line, the risk of pulp necrosis is
increased (81, 141, 146) (Fig. 18.31). Moreover, fractures
treated more than 48 hours after injury show an increased
incidence of later pulp necrosis (69, 82, 102). Finally, the use
of open repositioning and plates (compared to closed repo-
sitioning and intermaxillary fixation) resulted in signifi-
cantly more pulp necrosis, also in adjacent teeth (147).

In the follow-up period, obliteration of the root canal is
often seen in teeth involved in the fracture, and especially in
individuals below 20 years of age (102) (Figs 18.32 and
18.33).

PDL healing and root resorption

Root resorption following jaw fractures is a rare finding and
has been found to affect up to 4% of the teeth involved in
the fracture line (69, 81, 87, 140–142) (Table 18.4).

No difference was found in mobility of teeth involved in
jaw fractures, whether with conservative or surgical reposi-
tioning (148).

0 d 6 wk 10 wk

Fig. 18.29 Loss of marginal supporting bone following alveolar fracture in the central incisor region. Horizontal fracture line is evident on radiograph
taken at time of injury (arrow). At follow-up, loss of marginal supporting bone is evident around left central incisor. From ANDREASEN (6) 1970.

Table 18.3 Frequency of complicated fracture healing in children with
developing permanent teeth involved in the fracture line.

Examiner No. of No. of complications
cases (inflammation)

Lenstrup (14) 1955 22 4 (18%)
Taatz (64) 1962 29 3 (10%)
Koenig et al. (139) 1994 30 0 (0%)
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0 d 6 mo

Fig. 18.30 Radiograph illustrating delayed fracture healing due to inflammation maintained by an impacted third molar. Six months later, bone healing
has not occurred.

0 d 6 mo

Fig. 18.31 Pulp necrosis and incom-
plete healing of marginal periodon-
tium following jaw fracture in the
canine region. Note that the fracture
line involves the apex of the canine.
Follow-up examination after 6 months
revealed incomplete healing of the
marginal periodontium as well as pulp
necrosis with periapical involvement.
From ROED-PETERSEN & ANDREASEN
(69) 1970.

0 d 5 yr

Fig. 18.32 Obliteration of pulp canal in a second premolar following jaw fracture. The fracture line involves the apical area. At follow-up a marked pulp
canal obliteration is evident. From ROED-PETERSEN & ANDREASEN (69) 1970.
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Fig. 18.33 Obliteration of the
pulp canal secondary to a jaw frac-
ture. A. Time of injury – the jaw
fracture involves the third molar
region. B. Six years later, marked
pulp canal obliteration of the third
molar is evident. C. Low power
view of sectioned molar. ×3. D.
Coronal part of the pulp com-
pletely occluded with hard tissue.
×30. E. Islands of bone in the
middle of the pulp. ×75. F. Appo-
sition of hard tissue following
initial resorption of the canal walls
(arrows). ×75. G. Normal dentin
deposited after formation of
atubular dentin immediately after
injury (arrows). ×75.

Table 18.4 Frequency of late dental complications following jaw fractures.

Examiner No. of No. of Frequency Frequency of Frequency of Frequency of 
cases involved of pulp pulp canal progressive loss of marginal

teeth necrosis obliteration root resorption supporting bone

Roed-Petersen & Andreasen 68 110 25% 5% 0% 12%
(69) 1970

Ridell & Astrand (82) 1971 84 142 5% 2% 1% 11%
Kahnberg & Ridell (81) 1979 132 185 14% – 3% 12%
Krenkel & Grunert (140) 1987 21 50 23% 2% 2% 2%
Oikarinen et al. (141) 1990 45 47 38% 24% 4% 18%
Berg & Pape (142) 1992 41 59 22% 5% 12%
Thaller & Mabourakh (143) 142 9%

1994
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Gingival healing and loss of 
marginal attachment

Generally speaking periodontal healing is the usual event
after a jaw fracture involving interdental bone (149).

In case of arch bar fixation (i.e. Sauer’s, Schuchardt’s or
Erich’s arch bar), no significant difference in periodontal
health after splinting has been found in a clinical situation
(105). Experimentally, a mild periodontitis has been ob-
served during the splinting period (106–108). However,
these inflammatory changes appear to be reversed following
splint removal (109, 110, 138).

The dental septum and gingiva involved in jaw fractures
appear to possess a good healing potential. Complications,
such as loss of interdental bone and pocketing, are rare
(111).

Loss of marginal bone can be recorded at later follow-up
examinations (69, 82, 102). This is found especially among
involved canines. Incomplete reduction of displaced frag-
ments appears to be the main cause of loss of marginal bone
support (Fig. 18.34), while optimal repositioning will ensure
complete periodontal repair (69, 81) (Fig. 18.35). However,
a slight long-term increase in mobility of teeth along the line
of fracture has been reported (102, 112).

0 d 4 yr

Fig. 18.34 Incomplete healing of
marginal periodontium following jaw
fracture in the canine region. 4 years
later – deep pocket formation and loss
of supporting bone is found. From
ROED-PETERSEN & ANDREASEN (69)
1970.

0 d 3 yr

Fig. 18.35 Complete healing of the
periodontium despite extensive dis-
location of fragments and exposed
cementum of a lower right canine.
From ROED-PETERSEN & ANDREASEN
(69) 1970.
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Essentials

Terminology (Fig. 18.1)

• Comminution of alveolar socket
• Fracture of alveolar socket wall
• Fracture of alveolar process
• Fracture of mandible or maxilla (jaw fracture)

Frequency

• Permanent dentition: 16% of dental injuries
• Primary dentition: 7% of dental injuries

Etiology

• Fight injuries
• Automobile accidents

History

• Symptoms

Clinical examination

• Palpation of facial skeleton
• Mobility of fragments
• Dislocation of fragments
• Reaction to sensibility tests

Radiographic examination

• Dislocation of fragments
• Relation between bone fracture and marginal and apical

periodontium

Pathology

• Fracture healing
• Superficial root resorption

Treatment (Fig. 18.22)

(1) Administer local or general anesthesia.
(2) Reposition displaced fragments.
(3) Teeth in jaw fracture lines should generally be preserved

unless severe inflammatory changes of marginal or
apical origin are present. Teeth with periapical inflam-
mation can be maintained if antibacterial medication is
placed in the root canal. Semierupted third molars
should, as a rule, be removed.

(4) Apply fixation (acid-etch/resin splint). In the primary
dentition, a direct splinting method with acrylic may be
used. In cases where the fragment can be reduced into
a stable position, one may refrain from splinting. In
such cases, the patient should be instructed to restrict
nourishment to soft food.

(5) Check reduction radiographically.
(6) Antibiotic therapy may be indicated in the treatment of

jaw fractures.
(7) Control the involved teeth radiographically and with

sensibility tests.
(8) Immobilize for 4 weeks.
(9) Follow-up period minimum one year.

Prognosis for permanent teeth involved in
fractures of the alveolar process

• Pulp necrosis: 75%
• Pulp canal obliteration: 15%
• Progressive root resorption: 11%
• Loss of marginal bone support: 13%

Prognosis for permanent teeth involved in
fractures of the maxilla or the mandible

• Infection in the fracture line: 5–29%
• Pulp necrosis: 5–38%
• Pulp canal obliteration: 2–24%
• Progressive root resorption: 0–4%
• Loss of marginal bone support: 11–18%

Treatment of pulp necrosis

See Chapter 22.

Treatment of root resorption

See Chapter 22.

Treatment of inflammation in the fracture line

(1) Antibiotic therapy
(2) Extraction or endodontic therapy of involved perma-

nent teeth if they sustain inflammation
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Introduction

This chapter describes the specific characteristics of injuries
to the primary dentition, the exclusive reaction patterns of
primary teeth to trauma and explains the rationale of the
approach to treatment and how it is different from that for
permanent teeth.

The major shortcoming of the topic of traumatic injuries
to the primary teeth is lack of scientific data. Thus, in many
publications, the description of outcomes of injuries to
primary teeth is based on opinions and beliefs rather than
evidence. In addition, suggested treatment protocols are

supported mainly by empirical treatment and anecdotal case
reports rather than well-controlled research studies.

Three factors have a major influence on the selection of
treatment for injured primary teeth:

(1) The relatively short period primary teeth are in func-
tion in the child’s mouth. The maxillary primary central
incisors, which are involved more than any other tooth
in traumatic injuries, usually serve the child no longer
than six years.

(2) The close proximity of the root of the primary tooth to
its developing permanent successor (Figs 19.1 and 19.2).
This implies that damage to the permanent tooth may
be inflicted not only when the primary teeth are injured,
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A B

Fig. 19.1 Anatomic relationship between the two dentitions. A. The maxilla in the skull of a 3-year-old child. B. The intimate facial-oral relationship is
shown between the primary central incisor and the permanent successor in a histologic section. From ANDREASEN (1) 1976.
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but also later as a result of the treatment rendered. This
must be considered as an important factor when weigh-
ing the cost and benefit of various treatment options for
injured primary teeth. The option that has the least like-
lihood to have a deleterious effect on the permanent
tooth should be considered as the treatment of choice.
If no damage is expected to the permanent tooth, a con-
servative approach should be adopted and attempts
made to save injured primary teeth. In some cases,
however, extraction is the only reasonable option
leaving the child with a missing tooth for several years.
Several consequences of early loss of primary incisors
are mentioned in the dental literature. However, most
lack scientific support.

(3) The difficulty of gaining the child’s compliance. Trau-
matic injuries to the primary teeth occur more often in
very young children before they have mastered walking

skills and later running skills. These children are too
young to understand what is required, and most of them
are defiant and cannot cooperate during examination
and implementation of treatment. However, safe use of
sedative agents is an integral part of the regular services
provided by pediatric dentists in many countries. Thus,
lack of child cooperation should not be considered an
argument against conservative treatment of injured
primary teeth. Moreover, the need to cope with the
child’s behavior cannot be ignored even if extraction is
the treatment of choice.

Consequently, the objectives of trauma management in the
primary dentition are:

• To comfort the child and parents in the acute state.
• To avoid inducing dental fear and anxiety in young chil-

dren who may be experiencing their first dental problem.
This implies being very conservative in choice of treat-
ment, partly by ensuring sufficient pain control and in
some cases proper premedication with a tranquilizing
drug before necessary intervention.

• To minimize the risk of further damage to the permanent
teeth:
— by limiting the number of acute extractions (which

may lead to loss of facial alveolar bone in the area 
as well as damage to the gubernacular cord (see
Chapter 2))

— by following the traumatized dentition with appropri-
ate control intervals to detect and treat any symptoms
of infection in the area as early as possible.

There are many ways in which an injured primary tooth may
transmit damage to the permanent successor.

The direct displacement of a primary incisor toward the
developing permanent tooth germ may result in a signifi-
cant injury (Fig. 19.3). An ensuing infection caused by inva-
sion of bacteria into the injury site may be another threat to
the developing successor (Fig. 19.4). Finally both extraction
and attempt to reposition a displaced primary tooth may
compromise development of the permanent successor,
depending upon the technique used.

Disturbances in permanent tooth germs are latent com-
plications that may be seen following all types of primary
tooth injuries especially intrusion, avulsion, and alveolar
bone fracture. This topic is presented in Chapter 20.

A series of animal experiments has been carried out to
estimate the risk of the above mentioned factors (1–6). The
general treatment concepts are primarily based on the
results of these studies as well as a few clinical studies in
humans (7–14, 49).

Epidemiology and etiology

Injuries to the primary dentition are common and occur
with a significantly higher annual incidence than in the per-
manent dentition (15–17). Especially between 18 to 30
months, children are very prone to accidents (Fig. 19.5)

Fig. 19.2 Skull of 3-year-old individual with a full set of primary teeth.
The radiographs illustrate the vertical closeness of the two dentition.
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(15–26). This is possibly related to poor motor coordination
and sometimes due to the child’s inability to evaluate poten-
tial risks. As falls are the predominant etiology for dental
injuries in young age groups, the trauma incidence is usually
equally high in both sexes (15–17) (Fig. 19.5). It is not until

early school age (coinciding with the eruption of permanent
teeth) that boys become more prone to dental trauma
(15–17).

Several studies have shown that one out of three children
has suffered a traumatic dental injury by age 5 (15–17,

Fig. 19.3 Intrusion of a primary tooth into the follicle of the permanent successor. All odontogenic tissue becomes involved and a crown dilaceration
is the result.

Fig. 19.4 Acute infection follow-
ing intrusion
This 3-year-old boy suffered intrusion
of two central incisors. As the root tips
were displaced away from the devel-
oping tooth germs, spontaneous erup-
tion was anticipated.

Follow-up, 2 weeks after injury
Acute infection with swelling and pus
formation around the displaced inci-
sors has developed.
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a follow-up study from Denmark, up to 98% of the injured
primary teeth suffered a type of luxation injury, whereas
only 10% showed crown or crown-root fractures (44). This
difference in the trauma pattern favoring luxations rather
than fractures has been found to be typical for the primary
dentition (16, 17).

Due to the direction of impact in falls against the ground,
floor or furniture, frontal trauma is quite frequent, resulting
in lateral luxations with oral displacement of the crown.
Consequently, the apical part of the root will almost
inevitably penetrate (or fracture) the thin labial bone plate
(Fig. 19.6). In falls in which the impact has an axial compo-
nent, the teeth will be intruded due to the labial curvature
of the root; the intrusion will usually result in an axial and
labial displacement in which the apex penetrates the labial
bone plate (Fig 19.6). In some cases the impact direction
may have a strong oral component, typically when the child
falls with an object in the mouth (e.g. pacifier or toy). In
these cases the apex of an injured tooth may be forced into
the follicle of the permanent successor, sometimes resulting
in a severe injury to the developing permanent tooth germ
(see Chapter 20). However, it is important to emphasize that
direct involvement of the permanent tooth germ in the
injury is not restricted to cases of oral displacement of the
apical part of the primary incisor into the follicle. If the dis-
placement is large enough, the coronal part of an intruded
or laterally luxated primary incisor can also be forced against
the underlying tooth germ, causing displacement of the
germ and squeezing of the epithelial root sheet, with the

Fig. 19.6 Intrusion of a primary incisor. It has penetrated the labial bone
plate.

Fig. 19.5 Trauma incidence in the primary dentition. Among annual
trauma incidences (i.e. the number of new injuries suffered during a year),
peak incidences in the primary dentition are found at 2–3 years of age,
when motor coordination is developing and the children start moving
around on their own. After ANDREASEN & RAVN (15) 1972.

27–30). For further information concerning the epidemiol-
ogy and etiology of dental trauma, the reader is referred to
Chapter 8.

In some countries, traumatic dental injuries are often not
presented as an emergency because parents usually do not
seek treatment for the child immediately (31–33). In a US
study of 487 dental trauma visits seen at children’s hospital
during a 3-year period, 69% occurred after regular office
hours. The emergency visit was the first contact with a
dentist for 80% of children 3.5 years old and younger (24).
This naturally may present a psychological impact upon the
child, a condition that is discussed in Chapter 7.

Self-inflicted oro-dental injuries

Although rare, case reports of self-mutilation injuries in
children have been published, some of them related to Leigh
disease and Lesch-Nyhan syndrome. In these cases, lacera-
tions of oral and perioral areas are associated with early
eruption of primary teeth (34–42). The baby self-inflicts
wounds by biting the surrounding soft tissues such as the
tongue, cheeks and lips. It seems to be a painless condition
and appears with increasing severity when the primary den-
tition becomes complete.

Battered child syndrome

The physical abuse which may lead to injuries of the teeth
and soft tissues is described in Chapter 8.

Pathogenesis

One difference between injuries in the primary and perma-
nent dentition appears to be the difference in the mechani-
cal properties of the supporting periodontium. In primary
dentition, the surrounding bone is less dense and less min-
eralized, which implies that a tooth hit by a traumatic
impact can easily be displaced instead of fractured (43). In
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latter resulting in malformation of the crown or arrested
root formation of the successor (1, 45).

Healing and pathology

Most luxations represent a combined injury to the pulp and
periodontium. However, the pathology of luxation injuries
of primary teeth has received little attention. At present, no
specific changes can be ascribed to the periodontal ligament
after luxation injury, whereas pulp changes have been re-
ported in a few studies.

Pulp

Crown fractures with pulp exposure

Histologically, exposed pulp tissue in complicated crown
fractures is quickly covered by a layer of fibrin. Eventually

the superficial part of the pulp shows capillary budding,
numerous leukocytes and proliferation of histiocytes (Fig.
19.7A–C). This inflammation spreads apically with increas-
ing observation periods (Fig. 19.7D–F).

Luxation injuries

Changes seen in the pulp soon after injury include edema
and disorganization of the odontoblast layer as well as
nuclear pyknosis of pulp cells (Fig. 19.8).

Histologic evidence of pulp necrosis, including nuclear
pyknosis and disappearance of odontoblasts and stromal
elements can be seen by 6 days after injury (Fig. 19.8).
This reponse is related to either partial or total rupture 
of the pulpal neurovascular supply. The later events 
of pulpal healing after luxation injury are presently
unknown.

A

B

C

E

FD

Fig. 19.7 Early pulp reactions fol-
lowing complicated crown frac-
tures in maxillary primary incisors.
A. Low power view of incisor
removed 19 hours after injury.
Moderate inflammatory changes
are present in the coronal part of
the pulp while the apical part
shows only minor changes, such as
hyperemia and perivascular bleed-
ing. ×9. B. Hyperemia and perivas-
cular bleeding. ×75. C. Moderate
inflammatory changes. ×75. D.
Low power view of incisor
removed 41 hours after injury.
Marked inflammatory changes are
present in the coronal part of the
pulp and spread of the inflamma-
tion apically is evident. ×9. E. Mod-
erate inflammation. ×75. F. Marked
inflammatory changes. ×75.
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If the pulp survives or becomes revascularized, a number
of regressive pulp changes can occur, such as hyalinization
and deposition of amorphous, diffuse calcifications.
Furthermore, the injury usually interferes with normal
dentin formation. This interference is apparently related 
to a number of clinical factors, among which the stage of
root formation and the type of luxation injury seem to be
decisive (46, 47).

In teeth with incomplete root development, a distinct
incremental line usually indicates arrest of normal tubular
dentin formation at the time of injury. Most of the dentinal
tubules stop at this line, while the original predentin layer is
often preserved.

After a certain period, apposition of new hard tissue is
resumed, but without the normal tubular structure (Fig.
19.9). This tissue often contains cell inclusions which main-

A B C

Fig. 19.8 Early pulp changes at various time intervals following intrusive luxation of primary maxillary incisors. A. Two hours after injury, pulpal struc-
tures – including the odontoblasts – are without significant change, apart from edema. ×195. B. After 13 hours nuclear pyknosis and disintegration of
odontoblast layer is evident. ×195. C. Six days after injury, only pyknotic nuclei are seen within a stroma of autolyzed pulp tissue. ×195.

A B C

Fig. 19.9 Early histologic changes following extrusive luxation of a primary right central incisor. A. Low-power view of sectioned incisor. The tooth was
extracted 4 weeks after injury. ×6. B. Complete necrosis of the coronal part of the pulp. ×30. C. More apically, formation of new hard tissue with numer-
ous cell inclusions (arrows). ×195.
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tain their tubular connections with dentin formed before the
injury, as well as vascular inclusions. This hard tissue for-
mation often continues to the point of total obliteration of
the root canal (Fig. 19.10).

Although the calcified cellular formed in response to the
injury may resemble bone and cementum, it lacks the cellu-
lar organization characteristic of these tissues. Due to its ten-
dency to convert to tubular dentin, the repair tissue has been
termed cellular dentin.

Furthermore tube-like mineralization in the dental pulp
of traumatized primary incisors has been described (Fig.
19.11) (48). This phenomenon is possibly analogous to the
ingrowth of bone into the pulp cavity of injured permanent
teeth (see Chapters 2 and 22).

PDL healing

These events have so far not been reported.

A B C

Fig. 19.10 Pulp canal obliteration in a primary central incisor following luxation injury. A. Radiographic condition at time of extraction. No pulp cavity
is discernible. B. Low power view of sectioned specimen. Obliteration of the pulp canal is evident. ×10. C. Note atubular dentin deposited immediately
after trauma followed by a return to tubular dentin (arrows). ×75.

A B C

Fig. 19.11 Bone invasion in the pulp after trauma in a primary incisor. A. Radiographic exposure. Note the two longitudinal radiopaque stripes in the
root canal. B. Histopathologic section showing incomplete ring of calcified tissue in the pulp canal surrounded by non-inflamed pulp tissue. C. Note that
odontoblasts are not seen along the root dentin and the irregular secondary dentin.
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Clinical and radiographic findings and
treatment of various injury types

Examination

Extraoral examination

The child must be checked for facial asymmetry (indicating
jaw fractures), swelling of the lips, skin lacerations and cuts,
and scars (indicating previous injuries). Bleeding from the
nostrils and subcutaneous hemorrhage near the nostrils may
indicate fracture of the alveolar bone. Limited ability 
of mouth opening may indicate damage to the temporo-
mandibular joint. Sensitivity of facial bones when palpated
may point to underlying jaw fractures.

A laceration or hematoma located at the chin should 
draw attention to a possible fracture of the mandible at 
the symphysis or condyle (50). Fractures of molar 
teeth resulting from sudden impact of the mandibular 
teeth against their maxillary antagonists should also be
looked for after traumatic injuries to the chin (51, 52,
73).

Intraoral examination

Intraoral tissues must be carefully examined. The sur-
rounding soft tissues (lips, oral mucosa, attached and free
gingivae and frenum) should be checked for lacerations and
hematomas caused by recent injuries or fistulae, which may
be the result of old injuries. Submucosal hemorrhage in the
upper lip may result from a direct impact or fracture of the
labial bone plate. Similarly, submucosal hemorrhage under
the tongue should raise the suspicion of fracture of the
mandible. Midline fracture in the mental suture area appears
in children under one year of age.

Signs of bleeding from the sulcus surrounding the injured
tooth indicate damage to the periodontal ligament.

Palpation of the gingivae and the vestibule may reveal a
fluctuant hematoma above a displaced tooth and sometimes
a displaced root can be felt.

Tooth mobility

An injured tooth can present increased mobility in the hor-
izontal as well as vertical plane. Increased mobility is a sign
of injury to the periodontal ligament. It appears in sublux-
ation, root fracture, extrusive luxations and associated infec-
tion. Sometimes the patient seeks treatment several days
after the trauma due to tooth mobility caused by an infec-
tion. In cases of crown-root fractures the coronal fragments
will present increased mobility. If mobility of a segment of
teeth is observed, fracture of the alveolar bone should be
suspected (see Chapter 18).

Tooth alignment

Changes in tooth alignment can be seen following luxation
injuries. In case of doubt, parents should be asked about the
original tooth alignment. Extrusion or lateral luxation may
result in occlusal interference.

Pulp vitality testing by electric or thermical methods has
not been proven to be valid in the primary dentition.

Radiographic examination

The general features of radiographic examination of
primary tooth injuries have been described in Chapter 9.
Radiographs are an important adjunct to the clinical exam-
ination, providing valuable information that may affect the
decision regarding treatment of the injured primary tooth.
It shows the degree of development of the primary tooth and
its permanent successor and the relationship between the
two. Furthermore, physiologic and pathologic root resorp-
tion and the position of displaced primary teeth can be seen.
An acceptable radiograph appears to be the occlusal expo-
sure due to the fact that neither the child nor relatives can
position the film in an optimal position (periapical expo-
sure) (Fig. 19.12).

In the radiographic examination it is important to con-
sider the relation between the injured primary tooth and the
permanent successor. In this regard a very simple rule exists:
if the tooth appears foreshortened compared with its 

Fig. 19.12 Radiographic examination of a young child. A parent can assist in stabilizing the child during the examination. The parent and child are fur-
nished with lead aprons. One arm is used to hold the child, while the other holds the filmholder and stabilizes the child’s head against the parent’s
chest.
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non-injured antimere, this indicates a labial displacement of
the root with a minimal risk for the permanent successor.
On the other hand, if a displaced primary tooth radi-
ographically appears elongated, this tooth has most likely
been intruded into the follicle of the permanent tooth and
must be removed (Fig 19.13). Another important feature is
to evaluate the position of the mineralized part of the per-
manent tooth in the follicle. In case of displacement an

asymmetry will be seen compared to a non-injured antimere
(Fig. 19.14).

These guidelines can only be applied when the central
beam is oriented exactly at the midline between the two inci-
sors to be compared. Apart from this, lateral projections can
be of assistance in determining the direction of dislocation
of the displaced tooth as well as its relationship to the nasal
floor and labial alveolar bone (Fig. 19.15) (see Chapter 9). If
there is doubt about the position of a displaced primary
incisor in relation to the nasal floor, a lateral exposure can
be of value (Fig 19.15).

Treatment regimens

The overall principle of treatment is not to take any risk with
regard to the permanent successor which usually implies a
very conservative approach.

Acute treatment can often be restricted to dealing with
conditions causing marked symptoms, such as crown frac-
tures with pulp exposure and repositioning or removing dis-
placed teeth with occlusal interference (55) or which have
invaded the follicle of the permanent successor.

As most dental injuries occur during early childhood,
when the child is not able to communicate or express pain
intensity, the use of topical anesthetics, local anesthesia and
sedation should be considered. It has been demonstrated
that from birth the child can experience pain which may
cause prolonged behavioral consequences if not alleviated
immediately (56). In more complicated tooth injuries, such
as those affecting the alveolar bone as intrusion, lateral lux-
ation and alveolar fractures, prescription of non-steroidal
anti-inflammatory drugs could be indicated if the child is in
pain before further examination and treatment (see also
Chapter 6).

In addition, use of analgesics may improve the quality of
care when pain is anticipated, such as application of a local
anesthesia. The administration of a single dose of analgesic
one hour before injection and the use of topical anesthetic
will reduce the discomfort of a local anesthetic (56).

Apart from advising the parents to administer adequate
pain control, adequate hygiene procedures and a soft diet to
the child’s liking must be reviewed.

In the following pages, each type of trauma will be
described as it presents clinically and radiographically, along
with currently recommended treatment (22, 44, 57–59).
However, most of the recommended treatment procedures
have minimal evidence supporting their value (60, 61).

Crown fractures

Crown fractures cause relatively few symptoms. Exposure of
the pulp is rare due to the minute dimension of the crown
(Fig. 19.16).

Radiography

This will normally show the relation of the fracture to the
pulp.

A

B

Fig. 19.13 Schematic illustration of the geometric relationship between
an intruded primary incisor and the developing tooth germ and the result-
ant radiographic image. A. If the primary tooth is away from the devel-
oping tooth germ, the radiographic image will be foreshortened. B. If the
primary tooth is intruded into the developing tooth germ, the radiographic
image will be elongated.
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Treatment

In cases of uncomplicated fractures with sharp fracture
edges, an abrasive disc or bur can be used to smooth the
fractures. If the parents demand an esthetic solution, and the
patient can comply, the crown can be repaired with com-
posite resin.

Complicated crown fracture is a difficult emergency to
deal with if there is lack of cooperation from the child and
because the treatment (pulpotomy) is technique-sensitive.
The treatment options are partial pulpotomy with calcium
hydroxide or pulpotomy with formocresol or zinc oxide
eugenol (62, 63). It seems that the outcome is as good
between the choices available, supporting the indication for

a conservative approach to treat these injuries. In one clini-
cal study, the success rate of pulpotomy was 76% (64). In
another clinical study, pulpotomies (using formocresol) and
pulpectomy (using zinc oxide eugenol) were compared and
found to have success rates of 86% and 78% respectively
(65). A disturbing finding concerning pulpectomy was,
however, that the majority of cases showed incomplete
resorption of the zinc oxide eugenol dressing, a fact which
may leave zinc oxide particles in the gingival area (65). This
procedure can therefore not be recommended.

Mineral trioxide aggregate (MTA) has recently been 
proposed for pulpotomy (66, 67, 75) but long-term 
clinical studies are needed before recommending its 
general use.

Fig. 19.14 Radiographic demonstration of displacement of the developing permanent tooth germ following intrusion of the primary incisor. The dis-
tance between the incisal edge and mineralization front of the involved developing tooth germ is shorter than the same distance in the non-involved
tooth germ, implying luxation of the involved tooth germ. Although the displaced primary tooth was removed, a slight dilaceration of the permanent
crown developed.

A B C

Fig. 19.15 Radiographic demonstration of the direction of displacement in a case of intrusive luxation of a primary central incisor. A. Clinical condition.
B. Right central incisor appears shorter than right lateral incisor due to displacement in apico-labial direction of the former. C. Lateral radiograph reveals
the relationship between the apex of the displaced tooth and the permanent tooth germ as well as the direction of dislocation. Note that the apex of
the primary tooth has been forced through the facial bone plate (arrow).
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Crown-root fractures

Crown-root fractures are rare and the crown fragment is
usually kept in situ by the gingival and periodontal fibers.
Because of mobility during mastication there might be tran-
sitory pain (Fig. 19.17).

Radiography

In laterally positioned fractures the extent in relation to the
gingival margin can be seen.

Treatment

Extraction is usually the treatment of choice.

Root fractures

The crown fragment appears loosened and usually displaced
in a coronal and oral direction.

Radiography

The fracture is usually located mid-root or in the apical
third.

Treatment

Root fractures with minimal displacement of the coronal
fragment can be left untreated and will resorb at the
expected time (Fig. 19.18). When the coronal fragment is
very loose the extruded coronal fragment should be
extracted to prevent the child inhaling it. The apical frag-
ment can be left for physiological resorption (Fig. 19.19)
(58, 61). If the child is able to cope and the coronal fragment
is not displaced, a wire-composite splint has been suggested
for 3 weeks. However, the value of such a treatment seems
questionable.

Fig. 19.16 Uncomplicated crown
fracture of a right central incisor and
subluxation of both central incisors in
a 2-year-old girl.

Fig. 19.17 Mesial crown-root frac-
ture of a right central incisor and an
uncomplicated (enamel) fracture of the
left central incisor.
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Concussion and subluxation

Clinical findings

In concussion the tooth is sensitive to percussion (per-
formed with a finger tip). In subluxation the tooth appears
loosened and may be bleeding from the gingival crevice. It
is not possible to diagnose concussion or even subluxation
if examination is performed several days after injury.

Radiography

The teeth appear in situ in their socket.

Treatment

These injuries require no acute treatment apart from
instructing the parents to maintain good oral hygiene 

to prevent bacterial contamination through the 
periodontal ligament. Application of chlorhexidine to 
the tooth-gingival junction twice a day for 7 days can 
be recommended.

Extrusion

Clinical findings

The tooth appears elongated and with the crown usually dis-
placed in lingual direction and there is usually a marked
loosening of the tooth.

Radiography

A marked apical periodontal ligament space is seen.

Fig. 19.18 Normal physiologic resorption after root fracture of both primary central incisors in a 4-year-old child. Note apparently normal physiologic
resorption of the traumatized incisors.

0 d 1 yr 2 yr

Fig. 19.19 Lateral luxation of a right central incisor and root fracture of left central incisor in a 5-year-old child. The right incisor was extracted, as was
the coronal portion of the left central incisor. Condition after 1 year. After 2 years, both permanent central incisors are erupting and the apex of the left
primary incisor has been resorbed.
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Treatment

Extruded primary teeth can be repositioned and stabilized
for a short period if the child is seen soon after the injury.
If a blood clot has already become organized in the alveolar
socket and repositioning is no longer applicable, the tooth
can be left for spontaneous alignment or extracted depend-
ing on the degree of extrusion and mobility.

Lateral luxation

Clinical findings

The crown is usually tilted in the oral direction and the tooth
firm in its displaced position (Fig. 19.20). Most of these lux-
ations result from a frontal impact that causes a tilting of the
tooth with the crown displaced in lingual direction and the
apex with a labial bone plate displaced in labial direction. In
rare cases, in which the child has fallen with an object in the
mouth, the opposite displacement direction can be found.
These cases may represent a danger to the permanent suc-
cessor as the apex of the primary tooth may have invaded
the follicle. These teeth should either be repositioned or
extracted.

Treatment

In some cases of lateral luxation there might be occlusal
interference. In these cases, after the use of local anesthesia,
the tooth is repositioned by combined labial and palatal
pressure (Fig 19.20). If necessary and possible, a splint can
be used for 2–3 weeks.

Because of the common anterior open bite in young chil-
dren most lateral luxated primary teeth have no occlusal
interference and can be left without treatment, and sponta-
neous repositioning influenced by physiologic forces of the
tongue can usually be expected within 3 months (Fig. 19.21).
However, in a follow-up study, 5% of laterally luxated
primary teeth were not fully repositioned after 1 year (44).

To treat lateral luxations with no open bite which cannot
be respositioned, grind the incisal edges of the upper and
lower teeth or temporarily add composite to the occlusal
surface of the molars to create an artificial anterior open
bite.

Intrusion

Clinical findings

In the primary dentition, the apices of intruded teeth will
usually be driven through the thin vestibular bone, the direc-
tion probably being determined by the direction of the
impact and the labial curvature of the root. This usually
results in marked swelling of the upper lip due to hematoma.

The degree of intrusion cannot always be assessed by
measuring the length of the clinical crown as the gingiva may
be enlarged due to swelling. The degree of intrusion and re-
eruption are determined by the distance between the incisal
edge of the intruded tooth and the horizontal line connect-
ing the incisal edges of two adjacent non-injured teeth.

For later comparison, the degree of dislocation should be
recorded in millimeters (i.e. the distance between the incisal
edge of the intruded incisor and the non-intruded adjacent
tooth), with the direction of dislocation indicated as well.
Especially in the primary dentition, it is of great importance
to determine whether the apex is dislocated facially or orally
because in the latter case, the permanent successors can be
directly involved (see Fig. 19.14).

In some cases the tooth has disappeared completely into
the socket and can often be palpated labially.

Radiography

An occlusal radiograph is indicated and will normally show
the position of the displaced tooth and its relation to the
permanent successor. If there is doubt about this question a
lateral exposure can be of value (see Fig. 19.15). A lateral
extraoral exposure has traditionally been recommended to
assess the relations between the intruded primary incisor
and its permanent successor. A recent study addressed the
value of lateral exposures in determining the relative posi-
tion between the root apex of the intruded primary tooth
and the labial surface of its permanent successor (68). It was
found that in the majority of cases the contribution of the
lateral extraoral radiograph to the assessment of the relation
between the root of an intruded primary incisor and its per-
manent successor was limited. Thus diagnostic value was
low when more than one incisor was intruded, when lateral
incisors were intruded, and often due to overlap of anatom-
ical structures. The relations are obvious when the root of
the intruded primary incisor has been pushed labially
accompanied by fracture of the labial bone plate. In these
cases, however, the lateral extraoral radiograph is unneces-
sary as clinical signs and a periapical radiograph are suffi-
cient to determine the relationship (68).

Treatment

The treatment of intruded teeth is still being debated. The
essential problem is the prevention of injuries transferred to
the developing permanent teeth. In experimental studies 
in monkeys, in which primary incisors were intentionally
intruded toward the permanent successor, it appeared that
extraction of the intruded primary incisor histologically
resulted in minor damage to the reduced enamel epithelium
of the permanent successor compared to when the intruded
primary incisor was preserved (1). However, in a similar
macroscopic study, it was found that the frequency and
extent of the macroscopic enamel defects were almost iden-
tical in the two groups (2).

Clinical studies have also demonstrated only small and
insignificant differences in the extent and frequency of
developmental disturbances in the permanent dentition
when preservation or extraction of the intruded primary
incisor was compared (8–14).

In conclusion, when the outcome appears identical, con-
servative measures instead of surgical seem appropriate 
to recommend at least until further studies have proved 
otherwise.
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Fig. 19.20 Repositioning of a 
laterally luxated primary central
incisor
This 4-year-old boy suffered a lateral
luxation of the left maxillary primary
central incisor. Repositioning is indi-
cated due to occlusal interference.

Treatment evaluation
Due to interference with occlusion and
the distance between the apex of the
primary tooth and the permanent
tooth germ, repositioning is indicated.

Repositioning
After application of a local anesthetic,
the tooth is repositioned with com-
bined labial and palatal pressure.

Postoperative condition
The tooth has been adequately reposi-
tioned, as revealed both clinically and 
radiographically.
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In the few cases where the intruded primary incisor has
been displaced into the follicle, surgical removal is indicated.
In this context, it is important to consider that a proper 
surgical technique be employed so as to avoid further injury
to the developing dentition. Elevators should never be used
due to the risk of their entering the follicular space. More-
over, it is necessary that the intruded incisor be grasped
proximally with narrow forceps and removed with the root
pointing in a labial direction. These precautions are neces-
sary to avoid collision with the developing tooth germ.
Finally, once the tooth has been removed, the palatal and
facial bone plates should be repositioned with slight digital
pressure. The open wound should then be sutured (Fig.
19.22).

In general, spontaneous eruption should be awaited,
which normally takes place within 3 months (44) (Fig.
19.23). However, in a recent study, one out of four intruded
teeth were not fully erupted one year after trauma and no
decisive factor could be identified to explain the lack of
realignment (44).

During the re-eruption phase of intruded primary teeth,
there is a risk of acute inflammation around the displaced
tooth. This is manifested clinically as swelling and hyper-
emia of the gingiva, sometimes with abscess formation and
oozing of pus from the gingival crevice (Fig. 19.4). There is
a rise in temperature and complaint of pain from the trau-
matized region. In these cases, immediate extraction and
antibiotic therapy are essential to prevent the spread of
inflammation to the permanent tooth germ.

In rare cases an intruded primary incisor becomes anky-
losed in an intruded position. In most cases this will only
imply a slight delay in shedding of the tooth.

In conclusion the optimal therapy for most intruded
primary teeth appears to be to wait for spontaneous 
eruption.

Avulsion

Clinical findings

The tooth appears missing in the dental arch. The clinical
appearance resembles that of complete intrusion or root
fracture with loss of the coronal fragment. Before making

the diagnosis of a primary tooth avulsion, alternative trauma
scenarios should be explored:

• Was the primary tooth actually avulsed; has it been found?
• Is there a possibility that the tooth is deeply intruded?

(Take a radiograph)
• Has the tooth been inhaled? Have there been any cough-

ing or breathing problems subsequent to the injury? (Refer
for chest X-ray)

• Even if there is no intention to replant the avulsed primary
incisor, the tooth must be found to ensure that it has 
not been aspirated (69). If the tooth is not found, the 
child should be referred to a pediatrician for further 
examination.

Radiography

This should be performed to verify an empty socket and rule
out that the missing tooth is totally intruded.

Treatment

Though several reports have been published on replantation
of avulsed teeth (70–72), this practice cannot be recom-
mended until further evidence suggests that the permanent
successor will not be involved, because replantation of a
primary tooth may displace a coagulum into the follicle of
the permanent incisor. Furthermore, a periapical inflamma-
tion subsequent to the pulp necrosis in the replanted
primary tooth may cause mineralization disturbances in the
permanent dentition. The space created by loss of a maxil-
lary primary incisor can be restored for esthetic purposes by
fixed appliances (Fig. 19.24). However, special attention
should in these cases be paid to a possible interference with
the physiologic expansion of the maxilla.

Fractures of the alveolar process

Clinical findings

In this situation an entire fragment of the jaw is involved.
This happens typically when a severe frontal impact hits the
mandible or the maxilla. Displacement may vary according
to direction of the impact, usually being frontal in the

A B C D

Fig. 19.21 Spontaneous reposition of a lateral luxated primary incisor in a 1.4-year-old boy. A. Lateral luxation of a left central incisor. B. The tooth
appears foreshortened in the radiographic examination compared with the contralateral. Spontaneous repositioning is therefore anticipated. C and D.
At follow-up, 2 months after injury there is spontaneous realignment.
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Fig. 19.22 Intrusion, severe folli-
cle invasion
This 1-year-old boy sustained an axial
impact, resulting in complete intrusion
of the central incisor. Note the dis-
placement of the permanent tooth
germ in the follicle. Removal of the
primary incisor is mandatory.

Removing the displaced tooth
Using sedation and local anesthesia,
the tooth is grasped proximally with
forceps and removed in a labial direc-
tion. The fractured and displaced
palatal bone is repositioned with
digital pressure, and a suture placed to
close the entrance to the socket.

Follow-up
At examination 1 week later, a slight
change in the position of the tooth
germ is seen.

Disturbance in eruption
At the age of 6 years, it is evident that
a crown dilaceration has developed.
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Fig. 19.23 Spontaneous reerup-
tion of an intruded primary
incisor
This 2-year-old boy suffered an intru-
sion of the right central incisor. The
foreshortened appearance of the
intruded tooth implies labial displace-
ment. Spontaneous re-eruption is
therefore anticipated.

Follow-up, 2 months after injury
The tooth has erupted approximately 
2mm coronally.

Follow-up, 3 months after injury
The tooth lacks 1mm for complete
eruption.

Follow-up, 1 year after injury
The tooth is in normal position. Crown
color is normal, and the radiographs
show no sign of pathology.
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maxilla and sometimes the result of a fall with an object in
mouth in the mandible. In these cases the fragment tilts in
labial direction (Fig. 19.25).

Radiography

This will reveal the topography of the horizontal fracture
line to the apices of the primary teeth and their permanent
successors. A lateral radiograph may also give valuable infor-
mation about the relation between the two dentitions (Fig.
19.25).

Treatment

Reposition is essential to normalize occlusion. General anes-
thesia is often indicated. The treatment of this trauma entity
is described in Chapter 18.

Fractures secondary to chin trauma

When there has been an impact to the chin, multiple crown
and crown-root fractures may occur in the molar regions
(51, 52, 73). The treatment depends on the extent and sever-
ity of the fractures. While minor enamel fractures can be left

without treatment, composite restoration should be consid-
ered for fractures with dentin exposure to prevent the devel-
opment of caries. Stainless steel crowns should be used to
cover primary molars with large fractures extending slightly
below the gingival margins. Pulpotomy can be performed if
the fracture involves the pulp. Extraction is the treatment of
choice for other more severe fractures in which the tooth is
not restorable. In these cases space maintenance must be
considered.

Complications in the primary dentition

As with the permanent dentition, a series of pulp and peri-
odontal complications may occur especially in relation to
the more severe luxation injuries. In regard to diagnosis of
healing the chosen observation periods appears to be of sig-
nificance (44, 74). Most complications can be diagnosed
between 6 weeks and 8 months.

Pulp healing complications

The status of the pulp is mainly evaluated from color
changes of the crown and radiographic changes as electro-
metric pulp testing is not reliable in young children due to
lack of cooperation. In the following section, the validity of
these findings will be discussed.

Color changes

Color changes are frequent following luxation injuries. In
one study of 545 injured primary incisors, more than half of
the teeth present at follow-up showed discoloration during
the follow-up period (44).

Gray discoloration can be transient or permanent, and
the latter occurs in about half of the cases (44, 49, 78). Tran-
sient gray discoloration is often followed by permanent
yellow discoloration (Fig. 19.26). Permanent gray discol-
oration is often associated with pulp necrosis.

However, gray coloration alone is not enough to establish
this diagnosis, which requires radiographic findings (peri-
apical radiolucency or signs of root resorption).

Fig. 19.24 Lost primary incisor replacement with a prosthetic device
anchored to the primary molars.

Fig. 19.25 Alveolar fracture comprising all primary incisors in a 5-year-old boy.
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The question naturally occurs about the histological
status of teeth in which gray discoloration is the only sequel
after trauma. In two clinical and radiographic studies, it was
found that it was not possible to relate color changes to the
histological status of the pulp (47, 76) whereas the opposite
was found in another study (77).

In clinical studies, it has been shown that the majority of
discolored primary teeth do not develop radiographic or
clinical signs of infection and are exfoliated at the expected
time (49, 79–83). Thus, the presence of discoloration alone
is not an indication for treatment, but an adequate follow-
up schedule should be maintained in order to detect any
additional symptoms.

Radiographic findings

A periapical radiolucency may develop after 3 weeks.
Another radiographic sign is arrested root development and
lack of pulp canal obliteration (i.e. the width of the root
canal does not change after injury). This is considered a sign
of pulp necrosis and should lead to either extraction or
endodontic treatment of the tooth (see p. 536). In the eval-
uation of radiographs it should be considered that during
the initial phases of eruption of the permanent successor an
enlargement of the follicle of the permanent successor takes
place that may imitate a periapical radiolucency related to a
pulp necrosis of the primary incisor (Fig. 19.27). In one

Fig. 19.26 Clinical and radio-
graphic follow-up after primary
tooth injury
Reversal of coronal discoloration of a
subluxated primary incisor.

Follow-up, 3 weeks after injury
Intense reddish brown discoloration is
seen.

Follow-up, 1 year after injury
The color has changed to yellow, and
the radiographs demonstrate pulp
canal obliteration.
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study this phenomenon appeared in 72% of follow-up cases
of primary teeth showing dark discoloration. In the 26%
control teeth the same feature was seen. At present there is
no valid explanation for this phenomenon (49).

Other findings

In rare cases, a fistula or an abscess almost always indicates
pulp infection.

Pulp necrosis

Pulp necrosis is seen with almost the same frequency in the
primary as in the permanent dentition after similar types of
luxation (43, 44, 80) and can usually be diagnosed 6–8 weeks
after trauma (Fig. 19.28). In a multivariate analysis, the deci-
sive factors in the primary dentition were the age of the
patient (with the lowest frequency of necrosis in the very
young patients), the extent of displacement as well as the
extent of loosening of the luxated tooth, and finally – as in the
permanent dentition – the presence of a crown fracture (44).

A

B

0 d

0 d 0 d

3 wk 1 yr

Fig. 19.27 An expanding follicle simulates apical pathology of both primary central incisors subsequent to a luxation injury. A. The patient suffered a
subluxation injury of the left central incisor at the age of 4. At the one-year control, apical rarefication/expansion of both follicles was found in the central
incisor region. B. A month after this control, the patient suffered a new injury where both incisors became subluxated. At that time both incisors were
extracted but showed normal histologic pulp conditions.

0 d 0 d 6 mo 12 mo

Fig. 19.28 Apical radiolucency of a left central incisor developed one year after lateral luxation. Radiographic and clinical condition are shown at time
of injury and after 6 and 12 months.
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Pulp necrosis is evident when conclusive clinical symp-
toms are present, including development of a fistula or acute
inflammation with swelling and abscess formation. But in
the absence of these signs pulp necrosis may very well be
present.

The diagnosis of pulp necrosis of primary teeth is based
primarily on gray color changes of the crown and radi-
ographic evidence of a periapical rarefaction and/or lack of
root formation. A therapeutic problem is whether, during
the observation period, pulp necrosis may inflict damage to
the permanent tooth germ. Admittedly, there is a long-term
effect of pulp necrosis and chronic periapical inflammation
upon permanent successors (see Chapters 2 and 20).
However, an experimental study in monkeys has shown that
pulp necrosis and periapical inflammation of primary inci-
sors of only 6 weeks’ duration do not lead to developmen-
tal disturbance of the permanent succesors (3). Thus, a short
observation period appears to be justified, thereby facilitat-
ing a diagnosis of pulp necrosis.

Methodology of root canal treatment of traumatized
primary incisors

The tooth is isolated with a rubber dam without a clamp,
the pulp chamber is exposed from the palatal aspect of the
crown using a #330 tungsten bur on a high-speed hand piece
with water spray. Local anesthesia is not used if the pulp is
considered to be necrotic. If the patient complains of pain
during insertion of the broach, local anesthetic is injected
directly into the root canal. The pulp is removed, root canal
cleaned, washed with hydrogen peroxide and saline and
dried with paper points. A resorbable paste is used to fill the
root canal with a spiral lentulo on a slow-speed hand piece,
and the tooth is restored with a composite resin using the
acid-etch technique. A postoperative radiograph is taken to
assess the extent of root filling (Fig. 19.29).

Results of treatment

In a recent study of endodontic treatment of primary teeth
with pulp necrosis a combination of an initial calcium
hydroxide dressing and later obliteration with zinc oxide
eugenol was used (53). A success rate of only 64% was
found, a finding that can hardly support the general use 
of this treatment procedure, especially considering the
resources used in teeth that are going to be shed in the fore-
seeable future.

An important issue is whether endodontic treatment per
se may induce developmental disturbances in the permanent
dentition (53, 65, 84). Considering the effect of endodontic
treatment on permanent successors, one clinical study
found that root filling of primary teeth with zinc oxide
eugenol resulted in 60% disturbance in enamel formation in
the permanent successors compared with 21% in a non-
treated group. However, the enamel disturbances were
usually minimal in both groups (84).

Finally, a recent study has shown no difference in the
long-term outcome for both the primary teeth and their per-
manent successors, whether mere observation therapy or
root canal treatment of dark-gray discolored asymptomatic
primary incisors was performed (83).

Predictors for pulp necrosis

In a recent multivariate analysis on the long-term progno-
sis of injuries to primary teeth it was found that older age,
presence of dislocation and mobility were predictors for pulp
necrosis (44).

Finally it should be considered that re-eruption of luxated
teeth occurs irrespective of whether pulp necrosis develops.
Thus, a recent study on the fate of re-erupted intruded
primary teeth showed that almost half of the cases erupted
with a necrotic pulp (44).

A B C

Fig. 19.29 Endodontic treatment of primary central incisor with pulp necrosis. A. Radiograph taken two days after luxation of the maxillary right central
incisor in a 4 year-old girl. B. Radiograph taken immediately after completion of endodontic treatment 4 weeks after the injury. Note the external root
resorption and the expansion of the periodontal ligament space. C. Radiograph taken 12 months after the endodontic treatment. Note the resorption of
the filling material from the root canal, the accelerated resorption of the root canal and the expansion of the dental follicle of the permanent succes-
sor. Clinically the tooth is asymptomatic.
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Pulp canal obliteration

Pulp canal obliteration is a frequent complication, especially
after luxation injuries in the younger age groups before
physiologic root resorption is radiographically evident
(usually around the age of 4–5 years (44, 74, 82)). Even
though there is a close relationship with yellow discoloration
of the crown, radiographic evidence of pulp canal oblitera-
tion can often be seen in teeth with normal color and even
in initially gray discolored teeth (Figs 19.26 and 19.30). In
some cases, pulp canal obliteration was the only evidence of
a previous trauma when seen on radiographs in coincidence
with acute examination of a new injury.

Secondary pulp necrosis can occur in teeth with pulp
canal obliteration; and frequencies of 0–13% have been
reported (44, 79, 80). It is reasonable to assume that when a
secondary necrosis occurs, it is related to a new trauma as
an obliterated pulp has less healing potential due to the
narrow pulp canal.

External root resorption

This phenomenon is divided into physiologic root resorp-
tion and pathologic root resorption (20, 44).

Pathologic root resorption

External root resorption
This entity can be divided into repair related resorption
(surface resorption), infection related resorption (inflam-
matory resorption) and replacement resorption (ankylosis).
In a long-term study of 387 traumatized primary incisors
repair-related resorption was found to be extremely rare
(1%). Inflammatory resorption was found in 10% and was
frequently related to intrusion and lateral luxation (44). In
a recent study of discolored primary teeth after trauma, the
frequency of inflammatory resorption was found in 11% of
the cases (49).

Finally, ankylosis was very rare, only affecting 3% of the
luxated teeth, with a preference for intruded teeth (44). In
case of ankylosis, spontaneous resorption by the erupting
permanent successor was found to take place in most cases
(Fig. 19.31).

In conclusion, external root resorption patterns seem to
follow that of permanent teeth, although at a much lower
rate (see Chapter 13). This can possibly be explained by the
softer bone structure, which allows tooth displacement with
less trauma to the root surface.

Internal root resorption

This phenomenon is extremely rare; only two studies found
internal root resorption in 2% of the cases (44, 49) (Fig.
19.32).

In conclusion external or internal root resorption does
not appear to be a significant problem in the management
of primary tooth injuries. In case of inflammatory resorp-
tion either endodontic treatment or extraction should be
performed. In case of replacement resorption, spontaneous
shedding, although delayed, can be expected.

Essentials

Epidemiology

Children at the age of 6 worldwide have a trauma experi-
ence to the primary dentition of 20–40%.

Pathogenesis

Because of anatomical conditions and the common direc-
tion of traumatic impacts, primary teeth are usually dis-
placed away from the permanent successor.

Examination procedure

By clinical and radiographic means an exact position of the
displaced primary incisor in the jaw in relation to the per-
manent successor should be made.

Treatment principles

The important factor is to safeguard the development of the
permanent successor and to avoid inducing dental fear and
anxiety in children.

Fig. 19.30 Pulp canal obliteration subsequent to lateral luxation of a primary central incisor.
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Enamel and enamel-dentin fractures

These fractures can be treated by grinding sharp edges or
restoring with composite.

Complicated crown fracture

If the child can cooperate, partial pulpotomy can be per-
formed with due consideration to the degree of physiologi-
cal resorption of the involved tooth. Otherwise, extraction
must be performed.

Crown-root fracture

Extraction of the tooth is usually the treatment of choice.

Root fracture

If the coronal fragment is not displaced the tooth can be left
in situ. If the crown fragment is very mobile and displaced,
the coronal fragment should be extracted to prevent the
child from swallowing or inhaling the loose fragment; the
apical fragment is left for physiological resorption.

Alveolar fracture

Reposition the displaced segment and splint it to adjacent
teeth for up to 4 weeks. General anesthesia is often necessary.

Fig. 19.32 Internal root canal resorption subsequent to a luxation injury.

0 d 0 d 1 mo

3 yr 4 yr 5 yr

Fig. 19.31 Ankylosis subsequent to
intrusion of a central incisor in a 2-
year-old girl. The intruded incisor
became ankylosed, but the permanent
incisor was able to shed the primary
tooth.
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Concussion and subluxation

No active treatment indicated. Careful oral hygiene is
required, with a follow-up after 8 weeks.

Extrusion

Depending on the extent of injury, the tooth may be repo-
sitioned and if possible splinted for 3 weeks.

If the tooth has suffered a severe extrusion, extraction is
usually indicated to prevent the child from swallowing or
inhaling the tooth.

Follow-up: minimum 1 year.

Lateral luxation

• Lateral luxated teeth should generally be allowed to realign
spontaneously. However, if a lateral luxated tooth inter-
feres with occlusion, repositioning should be attempted.
After the use of local anesthesia, the tooth is repositioned.

• Clinical and radiographic follow-up after 1 and 2 months.
• Follow-up: minimum 1 year.

Intrusive luxation

• Intruded primary teeth should generally be allowed to
realign spontaneously. If a radiographic examination
reveals that an intruded tooth has been forced into the 
follicle of the permanent tooth germ, extraction of the
primary tooth is indicated.

• If a conservative approach is chosen, the intruded tooth
should be re-examined clinically and radiographically
after 1 and 2 months to monitor healing.

• Follow-up: minimum 1 year.
• If the influence of trauma on the permanent successor

must be evaluated, an additional follow-up examination is
indicated at the age of 6.

Avulsion

• A radiographic examination is essential to ensure that the
missing tooth is not intruded.

• Avulsed primary teeth should not be replanted.

Fractures of the alveolar process

Reposition the displaced segment and splint it to adjacent
teeth for up to 4 weeks. General anesthesia is often 
necessary.

Fractures secondary to chin injuries

If crown and crown-root fractures occur in the molar
region, treatement will depend on the extent and severity of
injuries.

Complications in the primary dentition

There in no need for root canal treatment in dark gray dis-
colored teeth when no other clinical or radiographic symp-
toms are present.

Instructions to parents

• The affected area should be kept clean by brushing the
child’s teeth carefully after each meal with a soft tooth-
brush.

• Chlorhexidine should be applied topically twice a day for
one week.

• The use of pacifiers and nursing bottles should be
restricted.

• Dental care should be sought if new symptoms occur (e.g.
fever, swelling, prolonged loosening or pain).
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Terminology, frequency and etiology

Traumatic injuries to developing teeth can influence their
further growth and maturation, usually leaving a child with
a permanent and often readily visible deformity. Especially
when the injury occurs during initial stages of development,
enamel formation can be seriously disturbed due to inter-
ference with a number of stages in ameloblastic develop-
ment, i.e., the morphogenetic, organizing, formative and
maturation stages (1, 2).

The close relationship between the apices of primary teeth
and the developing permanent successors explains why
injuries to primary teeth are easily transmitted to the per-
manent dentition (Figs 20.1 and 20.2). Likewise, bone frac-
tures located in areas containing developing tooth germs can
interfere with further odontogenesis (181, 183). Also, the
force of the impact may cause an underlying crown fracture
of the unerupted permanent incisor (184)

The nature of these injuries has been studied clinically in
humans (1, 2, 120–123, 130, 131, 157–162) and experimen-
tally in animals (3–12, 124–129). Thus, anatomic and histo-
logical deviations due to injuries to developing teeth can be
classified as follows (1):

• White or yellow-brown discoloration of enamel
• White or yellow-brown discoloration of enamel with cir-

cular enamel hypoplasia
• Crown dilaceration
• Odontoma-like malformation
• Root duplication
• Vestibular root angulation
• Lateral root angulation or dilaceration
• Partial or complete arrest of root formation
• Sequestration of permanent tooth germs
• Disturbance in eruption.

In this classification, the term dilaceration describes an
abrupt deviation of the long axis of the crown or root
portion of the tooth. This deviation originates from a trau-
matic non-axial displacement of already formed hard tissue
in relation to the developing soft tissue (1).

The term angulation denotes a curvature of the root
resulting from a gradual change in the direction of root
development without evidence of abrupt displacement of
the tooth germ during odontogenesis (1).

The prevalence of such disturbances, secondary to dental
injuries in the primary dentition, ranges from 12 to 69%,
according to the studies listed in Table 20.1. Considering the
frequency of traumatic injuries to primary teeth (see
Chapter 8, p. 224), it is apparent that enamel hypoplasia 
of traumatic origin must be rather common. In a clinical
study, it was estimated that 10% of all enamel hypoplasias
affecting anterior teeth in schoolchildren in Copenhagen
were related to trauma in the primary dentition (121).
The type of dental trauma sustained apparently determines 
the type and degree of developmental disturbance. Avulsion
and intrusive luxation represent injuries with very high 
frequencies of developmental disturbance, while subluxa-
tion and extrusion represent low-risk groups (Table 20.2) 
(2, 16, 123, 130, 131, 158, 162, 181, 186, 202). Furthermore,
the age at the time of injury is of major importance; thus,
fewer complications are seen in individuals over 4 years 
of age than in individuals in the younger age groups (2) 
(Table 20.3).

According to the studies listed in Table 20.4, the frequency
of developmental disturbances due to jaw fractures ranges
from 19 to 68%. Furthermore, the frequency of develop-
mental disturbances has been found to be related to frag-
ment displacement at the time of injury (132). Treatment of
jaw fractures by osteosynthesis has also been shown to
increase damage to developing teeth (135) (Fig. 20.3).

Oral surgical procedures can also induce dental malfor-
mations. Thus, patients operated for cleft palate show a very
high frequency of enamel defects in the primary as well as
the permanent dentitions. Histologic findings in these cases
indicate that the surgical trauma could be a contributing
factor (22, 23). Exodontia has also been recorded among
surgical etiologic factors. Due to the close relationship
between the developing crowns of the permanent premolars
and the roots of their primary predecessors, developing
premolars are especially prone to disturbances in enamel
and dentin formation resulting from extraction of primary
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Fig. 20.1 Skull of a 5-year-old child
revealing the relationship between
primary and permanent teeth.

A B

Fig. 20.2 A. Anatomic relationship between the primary incisor and its permanent successor in a human skull. Note that both central and lateral primary
incisors are in close relation to the permanent central incisor. B. Histologic relationship between a primary incisor and its permanent successor. Note that
most of the resorbing primary root is separated from the permanent tooth germ by only a thin layer of soft tissue. From ANDREASEN (127) 1976.
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molars (24) (Fig. 20.4). Also root canal infection can influ-
ence enamel formation of the permanent successor (186)
(see also Chapters 2 and 19).

Evaluation of the full extent of complications following
injuries sustained in early childhood must await complete
eruption of all involved permanent teeth, a problem which
should be considered in the case of legal action or insurance
claims. However, most serious sequelae (i.e. disturbances in
tooth morphology) can usually be diagnosed radiographi-
cally within the first year after trauma (2).

Injuries which occur very early can also interfere with the
development of the primary dentition (188). Thus, a study
of prematurely born and intubated infants revealed enamel
hypoplasias affecting the primary dentition in 18–80% of
the children (163–165, 188), usually on the left side of the
maxilla corresponding to the customary placement of the
tube (164, 165, 188) (Fig. 20.5). A later autopsy study has
supported the theory that compression of the alveolar
process during endotracheal intubation in neonates is the
causative factor which can elicit these disturbances in
primary tooth development (166, 167) (Fig. 20.6).

Finally, it should be borne in mind that a number of other
pathological conditions may result in enamel hypoplasia
(e.g. fluorine, rickets, hypoparathyroidism, exanthematous
fevers, severe infections and metabolic disturbances such as
celiac disease and acidosis). However, these are unfortu-
nately not entirely pathognomonic, but often overlapping in
their expression. A classification system for developmental
defects of enamel (DDE index) has been developed (168)

Table 20.1 Frequency of disturbances in development of permanent
teeth after traumatic injuries to the primary dentition.

Examiner No. of No. of teeth with
teeth developmental 

involved disturbances

Zelnner (13) 1956 26 3 (12%)
Schreiber (14) 1959 42 8 (19%)
Taatz (15) 1962 33 7 (21%)
Ravn (17) 1968 90 51 (57%)
Lind et al. (120) 1970 72 36 (50%)
Selliseth (16) 1970 128 88 (69%)
Andreasen & Ravn (2) 1971 213 88 (41%)
Andreasen & Ravn (121) 1973 147 85 (58%)
Mehnert (122) 1974 28 10 (36%)
Watzek & Skoda (123) 1976 77 39 (51%)
Brin et al. (157) 1984 56 72 (47%)
Morgantini et al. (160) 1986 60 15 (25%)
Ben Bassat et al. (159) 1985 414 190 (46%)
Ishikawa et al. (185) 1990 126 72 (57%)
von Arx (162) 1991 144 33 (23%)
von Arx (187) 1993 255 59 (23%)
Sleiter & von Arx (186) 2002 74 24 (32%)

Table 20.2 Frequency of disturbances in development of permanent
teeth according to type of injury to the primary dentition. From
ANDREASEN & RAVN (2) 1971.

Type of injury No. of No. of teeth with
teeth disturbances in 

development

Subluxation 45 12 (27%)
Extrusive luxation 76 26 (34%)
Avulsion 27 14 (52%)
Intrusive luxation 36 25 (69%)

Table 20.4 Frequency of developmental disturbances among permanent
teeth involved in jaw fractures.

Examiner No. of No. of teeth with 
teeth developmental

involved disturbances

Fischer (18) 1951 12 7 (58%)
Lenstrup (19) 1955 22 15 (68%)
Taatz (15) 1962 29 14 (48%)
Bencze (20, 21) 1964 10 5 (50%)
Ideberg & Persson (132) 1971 100 19 (19%)
Ridell & Åstrand (133) 1971 170 6 (35%)
Ranta & Ylipaavalniemi (134) 1973 37 19 (51%)
Perko & Pepersack (135) 1975 35 16 (46%)

Table 20.3 Frequency of developmental disturbances of permanent teeth
related to the age at which injury to the primary dentition occurred. From
ANDREASEN & RAVN (2) 1971.

Age (years) No. of teeth No. of teeth with 
disturbances in
development

0–2 62 39 (63%)
3–4 43 23 (53%)
5–6 88 21 (24%)
7–9 20 5 (25%)

Fig. 20.3 A 14-year-old patient with an impacted mandibular permanent
canine due to osteosynthesis at the age of 5. From PERKO & PEPERSACK
(135) 1975.
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A B C

Fig. 20.4 Crown dilaceration and impaction of a first premolar following extraction of the first primary molar. A. Radiograph taken immediately after
extraction of the primary molar at the age of 4 years. The permanent tooth germ appears to be dislocated (arrows). B. Radiograph at the age of 14
years. As the first premolar was impacted, it was decided the tooth be removed. C. Low power view of sectioned premolar. Slight crown dilaceration is
seen (arrows). ×5.

Fig. 20.5 Enamel hypoplasias caused
by a laryngoscopy and/or prolonged
endotracheal intubation. The enamel
defects are usually located on the left
side of the maxilla due to the selective
pressure in this area by the laryngo-
scope. From SEOW et al. (164) 1984.

A B

Fig. 20.6 Dilaceration of primary
tooth germ due to endotracheal intu-
bation. This 3-day-old child was intu-
bated postpartum due to respiratory
distress but died after 3 days. A. At
necropsy the unaffected part of the
alveolar process shows a normal
primary incisor tooth germ. B. Sections
from the deformed alveolar ridge
where the tube has rested shows dis-
ruption of the tooth germ with devia-
tion of the long axis and a resultant
cystic space around the enamel matrix.
From BOICE et al. (166) 1976.
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which, to a certain degree, incorporates some of the patho-
logical features for various developmental disturbances and
has been used in multifactorial analysis of enamel defects
(169–171).

Clinical, radiographic and 
pathologic findings

Pathologic changes in permanent tooth germs have been
studied experimentally in intrusions of primary teeth in

monkeys (127) and in rat molars (189). Immediate changes
consisted of contusion and displacement of the reduced
enamel epithelium and slight displacement of the hard
dental tissue in relation to the Hertwig’s epithelial root
sheath (see Chapter 2, p. 69). After 6 weeks, metaplasia of
the reduced enamel epithelium into a thin stratified squa-
mous epithelium took place. In most cases, changes in mor-
phology of the dentin and/or enamel matrices were seen (see
Chapter 2, p. 65).

Developmental disturbances of human teeth caused by
trauma have been studied in humans (1) and can be divided
into the following types:

A
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H

Fig. 20.7 Discoloration and
morphologic changes second-
ary to injuries to the primary
dentition
From ANDREASEN et al. (1) 1971.
A. Slight white enamel discol-
orations involving both central
incisors. B. Slight white and yellow-
brown staining of the enamel of
both central incisors.

Marked color changes and
enamel hypoplasia
C. Marked color changes of per-
manent left central and lateral
incisors associated with distal incli-
nation of the crown of the central
incisor. D. Yellow-brown enamel
changes of central incisor associ-
ated with a cavity in the enamel
surface.

Yellow-brown discoloration
and circular enamel hypopla-
sia
E. Slight circular enamel hypopla-
sia apical to a yellow-brown dis-
coloration of enamel with an
external cavity in a central incisor
(arrow). F. Same changes as in E;
note the same positional relation-
ship between hypoplasia and area
of discoloration (arrows).

Severe malformation
G, H. Severe disturbances in devel-
opment of three permanent inci-
sors. Right central incisor is partly
impacted due to malformation, left
central incisor shows marked color
changes. A horizontal enamel
hypoplasia is especially evident in
H (see also Fig. 20.14 which shows
the condition after orthodontic
realignment of the right central
incisor).
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White or yellow-brown discolorations 
of enamel

These lesions appear as sharply demarcated, stained enamel
opacities, most often located on the facial surface of the
crown; their extent varies from small spots to large fields (1,
2, 13, 14, 17, 25–38, 121, 136, 159) (Fig. 20.7A–C). These
color changes are usually not associated with clinically
detectable defects in the enamel surface; however, some cases
can present such defects (1) (Fig. 20.7D). In this context, it
should be mentioned that white enamel discolorations with
a diameter of less than 0.5 mm are frequent in teeth without
a history of trauma (121, 169, 172).

The frequency of these lesions has been reported to be
23% following injuries to the primary dentition (2), com-
monly affecting maxillary incisors, with the age of patients
at the time of injury ranging from 2 to 7 years. The stage of

development of the permanent tooth germ at the time of
injury may vary (159). No specific type of injury is especially
related to this group of lesions.

Similar disturbances in enamel formation may be seen in
developing teeth involved in jaw fractures (19, 20) (Fig.
20.8). For the sake of completeness, it should be mentioned
that color changes with or without a defect in the enamel
surface may occur as a sequel to periapical inflammation of
primary teeth, (15, 40–45, 137–141) giving rise to so-called
Turner teeth.

The nature of white enamel discolorations has been
studied by means of microradiography and polarized light
microscopy, as well as transmission and scanning electron
microscopy (Figs 20.9, 20.10 and 12.11). Findings from these
investigations indicate that the trauma interferes with
enamel mineralization, while matrix formation is apparently
not involved (1, 129) (Fig. 20.10). An experimental study in

A B

Fig. 20.8 A. Enamel discolorations
affecting left central and lateral inci-
sors following a fracture of the maxilla
at the age of 4 years. B. Disturbed
enamel formation following a jaw frac-
ture at the age of 3 years. Defective
enamel covering the occlusal surface
of the lower first premolar. From
LENSTRUP (19) 1955.

A

C

B

D

Fig. 20.9 A. Maxillary right per-
manent central monkey incisor 6
weeks after traumatic intrusion of
the primary incisor. Note the cir-
cumscribed white discoloration of
the enamel (arrows). B. Scanning
electron micrograph of the adja-
cent non-affected enamel. The pits
indicate arrest of matrix formation.
×3300. C. General view of white
enamel discoloration showing
rupture of the enamel surface.
×110. The enclosed area is shown
at a higher magnification in D.
×2400. From THYLSTRUP &
ANDREASEN (129) 1977.
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monkeys indicated that these areas develop corresponding
to areas where trauma has altered the reduced enamel
epithelium into a flattened stratified squamous epithelium
(see Chapter 2, p. 69) (127).

Radiographic examination prior to tooth eruption will
usually not reveal defective mineralization. Consequently,
these disturbances can only be diagnosed clinically after
complete eruption (2).

White or yellow-brown discoloration of enamel
with circular enamel hypoplasia

These lesions are a more severe manifestation of trauma sus-
tained during the formative stages of the permanent tooth
germ (1, 2, 29, 46–48, 121, 128, 185, 190, 191). The typical
finding in this group, which distinguishes these lesions from
those in the first group, is a narrow horizontal groove which
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Fig. 20.10 White enamel discol-
oration affecting the left central
permanent incisor secondary to a
dental injury at the age of 11/2

years. A. Macroscopic frontal view
of specimen consisting of the
incisal part of the crown. B. Axial
view of the fracture surface; note
the extension of the white lesion
(arrows). C. Ground section of the
specimen photographed in inci-
dent light. ×15. D. A micro-
radiograph of the same section
reveals that the clinical white area
is less mineralized (arrows) than
surrounding non-involved enamel.
×15. E. Electron micrographs of
decalcified non-involved enamel.
The black areas represent organic
material. ×8,000. F. Electron micro-
graph of clinical white area;
note that this area contains an
increased amount of organic
stroma. ×8,000. From ANDREASEN
et al. (1) 1971.
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encircles the crown cervical to the discolored areas (Fig.
20.7E–H). In some cases, an external defect is found cen-
trally in the coronally placed white or yellow-brown lesions
(Fig. 20.7E).

The frequency of this type of change has been reported to
be 12% following injuries to the primary dentition (2). Max-
illary central incisors are usually involved; the age at the time
of injury is usually 2 years. The stage of development of the
permanent tooth germ varies from half to complete crown

formation at the time of injury. As a rule, the injury to the
primary tooth is either avulsion, extrusive or intrusive lux-
ation (1).

Radiographic examination of these teeth reveals a 
transverse radiolucent line at the level of indentation and
usually a radiolucent area corresponding to the coronally
placed enamel defect (Fig. 20.12). This type of develop-
mental disturbance can usually be diagnosed before 
eruption (2).

A B C

Fig. 20.11 Schematic drawing illustrating the mechanism of white or yellow-brown discolorations of enamel. A. Condition before injury. B. Primary
incisor intruded through the labial socket wall resulting in moderate damage to the reduced enamel epithelium of the permanent successor. C. As a
result, enamel maturation is arrested in the area with affected enamel epithelium, creating a white or yellow-brown enamel discoloration.

A B C

Fig. 20.12 Discoloration and circular enamel hypoplasia of a permanent incisor following injury to the primary dentition. A. Slight intrusive luxation of
left central primary incisor at the age of 1 year. Note the degree of mineralization of the permanent incisor (arrow). B. and C. Radiographic and clinical
condition at the age of 12 years. Note mineralization disturbances of the incisal edge as well as the circular hypoplasia related to the part of the tooth
formed at time of injury (arrow). From ANDREASEN et al. (1) 1971.
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It should be noted that the enamel changes are confined
to the site of coronal mineralization at the time of injury
(Fig. 20.13). Although the pathogenesis of color changes in
enamel has not yet been completely clarified, it is assumed
that the displaced primary tooth traumatizes tissue adjacent
to the permanent tooth germ and possibly the odontogenic
epithelium, thereby interfering with final mineralization of
enamel. The configuration of the resulting hypomineralized
area closely coincides with the outline of normal progressive
‘secondary’ mineralization. The lesions are usually white;
however, blood breakdown products in the traumatized area
can seep into areas of mineralization during further enamel
formation. This could explain why yellow-brown areas are
located exclusively apical to the white lesions (1) (Fig. 20.7
B). Surface defects in the enamel most probably reflect direct
injury to the enamel matrix before mineralization has been
completed (Figs 20.13 and 20.14).

A

C

B

D

Fig. 20.13 Microradiographic
and electron microscopic findings
in a permanent central incisor with
crown dilaceration and a yellow-
brown enamel discoloration. The
patient sustained intrusion of the
primary incisor at the age of 2
years. A. Microradiograph of
ground section. B. Higher magnifi-
cation of the enamel defect. Note
the radiolucency in this area, indi-
cating a decrease in mineral
content. C. Note angulation of
enamel prisms (arrows), possibly
the result of a direct trauma sus-
tained during matrix formation.
The scalloped external surface pos-
sibly indicates resorption before
deposition of new hard tissue. D.
Electron micrograph showing tran-
sition between the injured enamel
in the cavity (e) and cementum-like
tissue (c) deposited in the defect.
×10000. Insert, in upper right
corner, a higher magnification of
the cementum-like tissue showing
cross-banded fibers (collagen).
×20000. From ANDREASEN et al.
(1) 1971.

Experiments in monkeys have shown that circular enamel
hypoplasia represents localized damage to the ameloblasts in
their formative stages due to traumatic displacement of
already formed hard tissue in relation to the developing soft
tissues (127) (Figs 20.15 and 20.16).

Crown dilaceration

These malformations are due to traumatic non-axial dis-
placement of already formed hard tissue in relation to the
developing soft tissues (1, 2, 17, 27, 31, 49–77, 142–145, 161,
162, 178). Three per cent of the injuries to primary teeth
result in this type of malformation (2).

Due to their close contact to the primary incisors, crown-
dilacerated teeth are usually maxillary or mandibular central
incisors (1, 192–194). Approximately half of these teeth
become impacted, whereas the remaining erupt normally or
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A B C

Fig. 20.14 Severe disturbances in tooth development caused by intrusive luxation of both central incisors at the age of 3 years. A. Lateral projection
showing displaced primary incisors (arrow). B. Enlarged view of A. Note that one of the displaced teeth (the right central incisor) faces the facial surface
of the permanent tooth germ (arrow). C. Clinical view after surgical exposure and orthodontic realignment of right permanent central incisor. Note the
hypoplastic enamel corresponding to previous trauma region (see also Fig. 20.7, G and H). From ANDREASEN et al. (1) 1971.

A B C

Fig. 20.15 Schematic drawing illustrating the possible mechanism of enamel discoloration and circular enamel hypoplasia. A. Condition before injury.
B. Slight axial dislocation of the already formed part of the tooth in relation to the remaining tooth germ. C. While enamel formation is resumed apical
to the site of dislocation from the intact cervical loops, no further enamel formation occurs coronal to this level. Thus, a horizontal indentation is created
between enamel formed before and after injury. From ANDREASEN et al. (1) 1971.
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in facio- or linguo-version. Injury to the primary dentition
usually occurs at the age of 2 years, with a range of from less
than 1 year to 5 years. Most often the injury occurs at a time
when up to half the crown has been formed, a finding pos-
sibly related to the anatomy of the developing tooth germ
which allows tilting of the tooth germ within its socket. The
trauma to the primary dentition which can result in crown
dilaceration is usually avulsion or intrusion (1).

The pathology of crown-dilacerated teeth supports the
theory of displacement of the enamel epithelium and the
mineralized portion of the tooth in relation to the dental
papilla and cervical loops (1, 73–77) (Figs 20.17 to 20.19).
This results in the loss of enamel on a part of the facial
surface of the crown. On the lingual aspect, a cone of hard
tissue is formed which projects into the root canal, while the
lingual cervical loop forms an enamel-covered cusp (1). A

pathogenesis of displacement of the non-mineralized
portion of the tooth in the socket is supported by radio-
graphic findings immediately after injury where a tilting of
the tooth germ can be seen (see Chapter 19, p. 531).

The deviation of the coronal portion varies according to
the tooth’s location. Maxillary incisors usually show lingual
deviation, while lower incisors are usually inclined facially
(1).

Radiographically, unerupted crown-dilacerated teeth are
seen as foreshortened coronally.

Odontoma-like malformations

These malformations are rare sequelae to injuries in the
primary dentition. Reported cases are confined primarily to
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Fig. 20.16 Yellow-brown discol-
oration of enamel and circular
enamel hypoplasia of a maxillary
lateral incisor as a result of avul-
sion of the primary predecessor at
the age of 3 years. A. Ground
section of extracted incisor. ×3. B.
Microradiograph of the same
section. ×3. C. and D. Higher mag-
nification of lingual surface of the
crown. Note a slight axial dis-
placement and the calcio-trau-
matic line in the dentin revealing
disturbance in dentin formation
immediately after injury (arrows).
×30. E. and F. Higher magnification
of facial surface of the crown. The
same findings are present in this
area as described above. ×30.
From ANDREASEN et al. (1) 1971.
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maxillary incisors (1, 29, 35, 51, 55, 68, 78–81, 161, 162, 201).
The age at the time of injury ranges from less than 1 year to
3 years. The type of injury affecting the primary dentition
appears to be intrusive luxation or avulsion (1) (Fig. 20.20).
The histology and radiology of these cases show a con-
glomerate of hard tissue, having the morphology of a
complex odontoma or separate tooth elements (Figs 20.21
to 20.23). Experimental evidence supports the theory that
these malformations occur during early phases of odonto-
genesis and affect the morphogenetic stages of ameloblastic

development (4, 5, 10, 82) (Figs 20.22 and 20.23). The trau-
matic origin of these malformations is further supported by
the observation that similar changes have been reported
after ritual extractions of primary canines in peoples in
Africa (83) (Fig. 20.24), as well as sequelae to extraction of
primary molars due to pulpal complications (24).

Radiographically there is a radio-opaque mass with little
resemblance to a tooth germ. Sometimes, however, a rela-
tively normal root may be seen (Fig. 20.22). Fig. 20.25 illus-
trates the possible mechanism of formation.

A B C D
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I

Fig. 20.17 Clinical, radiographic,
and histologic features of a crown
dilacerated maxillary central
incisor. The patient sustained intru-
sive luxation of the corresponding
primary incisor at the age of 21/2

years. A to C. Clinical appearance
of extracted incisor. Note area on
the facial surface of the crown
without enamel and the white and
yellow-brown discoloration of the
enamel. D. A radiograph discloses
an internal cone of hard tissue. E.
Low power view of sectioned
incisor. ×4. F. Internal hard tissue
cone consisting of enamel matrix
(arrow) and dentin. ×195. G.
Enamel-free crown area covered
with cementum. ×195. H and I.
Dilaceration area facially and lin-
gually.Arrows indicate the margins
of hard tissue formed at the time
of injury. ×75. From ANDREASEN
et al. (1) 1971.
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A
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Fig. 20.18 Microradiographic
features of crown-dilacerated
tooth shown in Fig. 12.17. A.
Ground section. ×5. B. Microradi-
ograph. ×5. C. Enamel covers the
lingual cusp (arrows). ×30. D.
Irregular dentin formed immedi-
ately after injury (arrows). ×30.
From ANDREASEN et al. (1) 1971.

A B C

Fig. 20.19 Schematic drawing illustrating the possible mechanism of crown dilaceration. A. Condition before injury (arrows indicate the cervical loops).
B and C. Non-axial dislocation of the already formed part of the tooth in relation to the dental papilla, inner and outer dental epithelium and the cer-
vical loops. Facially, the stretched inner enamel epithelium is able to induce differentiation of new odontoblasts, but its enamel forming capacity is not
expressed. Consequently, a horizontal band of dentin will be left without enamel facially. The facial cervical loop has either not been injured or has been
completely regenerated, thus explaining normal amelogenesis apical to the trauma site (arrow). On the lingual aspect of the crown, the displaced inner
enamel epithelium and ameloblasts form a cone of hard tissue projecting into the pulp canal. Presumably the ameloblasts stripped from their matrix
proliferate and induce dentin as well as enamel matrix formation. The presumably intact lingual cervical loop forms an enamel-covered cusp (arrow).
From ANDREASEN et al. (1) 1971.
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Root duplication

This is a rare occurrence, seen following intrusive luxation
of primary teeth (1, 84, 85, 173, 192). This complication is
usually the result of an injury at the time when half or less
than half of the crown is formed (1) (Fig. 20.26). The patho-
logy of these cases indicates that a traumatic division of the
cervical loop occurs at the time of injury, resulting in the
formation of two separate roots (84) (Fig. 20.27).

Radiographically, a mesial and distal root can be demon-
strated which extends from a partially formed crown (Figs
20.26 and 20.27).

Vestibular root angulation

This developmental disturbance appears as a marked curva-
ture confined to the root as a result of an injury sustained
at the age of 2 to 5 years (1, 25, 30, 31, 71, 75, 86–96). The
malformed tooth is usually impacted and the crown palpa-
ble in the labial sulcus. The only teeth demonstrating this
malformation are maxillary central incisors. The injuries to
the primary dentition consist of intrusive luxation and avul-
sion (1).

The histopathologic findings in these cases consist of a
thickening of cementum in the area of angulation, but with

A B

Fig. 20.20 Odontoma-like malforma-
tion of permanent tooth germ due to
intrusive luxation of primary left central
incisor at the age of 2 years. A. Condi-
tion at time of injury. Note the outline
of the calcified portion of the perma-
nent tooth germ (arrows). B. Radio-
graph taken at the age of 8 years. An
odontoma-like malformation is found
at the site of the central incisor. From
ANDREASEN et al. (1) 1971.

A B

D E

CFig. 20.21 Odontoma-like malforma-
tion of a permanent tooth germ due to
intrusive luxation of primary left central
incisor at the age of 8 months. A. Clin-
ical condition at the age of 8 years. The
left central incisor has not erupted. B.
The radiograph reveals intrusion and
ankylosis of the primary incisor. An
odontoma-like malformation is found
at the site of the central incisor. C. Sur-
gical removal of the ankylosed primary
tooth. D. and E. Surgical removal of the
permanent incisor which shows severe
malformation. Frontal view of removed
odontoma.
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Fig. 20.22 Development of a separate tooth element following intrusive luxation of primary incisors at the age of 3 years. A. Radiographic condition
at the age of 8 years. Note the small tooth element in the central incisor region (arrow). B. Lateral view of removed odontoma. C. Microradiograph
reveals an enamel layer covering part of the tooth element. From ANDREASEN et al. (1) 1971.
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Fig. 20.23 Odontoma-like mal-
formation of a permanent lateral
incisor following avulsion of the
primary lateral incisor at the age of
2 years. A. Left central incisor
shows a marked crown dilacera-
tion (arrow). B. Radiograph reveal-
ing odontoma-like malformation of
left lateral incisor (arrow). C. Low
power view of sectioned lateral
incisor. ×7. D. Apical part of the
odontoma bears similarities to a
normal root. Note intact odonto-
blast layer. ×75. E. Odontoma-like
enamel inclusions – most of the
enamel was lost during demineral-
ization. ×75. F. Reduced enamel
epithelium. ×195. G and H. Pre-
served enamel matrix. ×75. From
ANDREASEN et al. (1) 1971.
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A B

Fig. 20.24 Malformation of perma-
nent teeth following ritual extractions
of lower primary canines in an African
population. A. In place of the left
canine, two apparently separate tooth
elements have erupted. B. Severe
crown malformation of lower right per-
manent canine. From PINDBORG (83)
1969.

A B C

Fig. 20.26 Root duplication of 2 central incisors following intrusive luxation of both primary incisors at the age of 2 years. A. Lateral radiograph at time
of injury. Note the displaced primary incisors (arrow). B. Radiograph taken at the age of 9 years. The root is divided into a mesial and distal portion in
both incisors (arrows). C. After surgical exposure, abnormal root development is evident as well as vertical fractures of the crown of both central inci-
sors (arrows), presumably a result of the previous injury.

A B C

Fig. 20.25 Schematic drawing illustrating possible mechanism for odontoma-like malformation. A. Condition before injury. B. Axial dislocation of the
primary incisor with extensive damage to the permanent tooth germ. C. Formation of an odontoma-like malformation.
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no sign of acute traumatic changes in the hard tissue formed
(1, 75, 87) (Fig. 20.28). The loss of a primary incisor can
present an obstacle in the eruption of the developing tooth,
forcing it to change its path of eruption in a labial direction
(Figs 20.28, 20.29). Presumably Hertwig’s epithelial root
sheath remains in position despite the impact and thereby
creates a curvature of the root (1). It should be mentioned,

however, that the traumatic origin of this malformation has
been questioned. Thus, in a study of 29 teeth, Stewart (146)
found no history of trauma. Moreover, this type of malfor-
mation was 6 times more frequent in girls than in boys.
According to Stewart, the most likely explanation for facial
root angulation was ectopic development of the tooth germ
(146).

A

C

E

B

D

Fig. 20.27 Histologic features of
root duplication of a right perma-
nent central incisor due to an injury
sustained at the age of 6 months.
A. Clinical appearance. B. Radi-
ograph showing root division. C.
Frontal aspect of the extracted
tooth. D. Low power view of sec-
tioned incisor. E. Higher magnifica-
tion of D indicates that the incisal
part of the crown has been
intruded. The cleft is lined with
enamel. The dentinal tubules are
compressed at the bottom of the
cleft. From EDLUND (84) 1964.
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Fig. 20.28 Vestibular root angu-
lation of a central incisor second-
ary to extrusive luxation of a
primary central incisor at the age
of 4 years. A. Lateral radiograph
showing facial orientation of the
crown (arrow). B. Intraoral radi-
ograph of malformed incisor. C.
Low power view of sectioned
incisor. ×9. D. The normally struc-
tured dentin indicates that no
acute dental trauma has been
inflicted on the tooth. ×30. E and
F. Slight increase in thickness of 
the facial cementum compared 
to the lingual. ×75. From
ANDREASEN et al. (1) 1971.

A B C

Fig. 20.29 Schematic drawing illustrating possible mechanism of vestibular root angulation. A. Condition before injury. B. Primary incisor lost at an
early age. C. Possibly due to formation of scar tissue along the path of eruption, the developing tooth changes its position facially.
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Radiographically a root-angulated tooth appears fore-
shortened. Lateral projections can more precisely localize
the position of the tooth within the jaw (Fig. 20.28).

Lateral root angulation or dilaceration

These changes appear as a mesial or distal bending confined
to the root of the tooth (29, 30, 52, 55, 71, 77, 78, 86, 94, 98,
147, 161, 195, 201) (Fig. 20.30). They are seen in 1% of cases
with injury to the primary dentition, usually avulsion. The
injury usually occurs at age 2 to 7 years and usually affects
the maxillary incisors. In contrast to vestibular angulation,
most teeth with lateral root angulation or dilaceration erupt
spontaneously (1). Similar malformations have been seen in
developing teeth involved in jaw fractures (15, 18–21, 99,
100, 148) (Fig. 20.31).

The pathogenesis of these lesions is not fully understood,
but histologic studies have shown that displacement 
apparently occurs between the mineralized root portion and
the developing soft tissues (19, 77) (Fig. 20.31).

Partial or complete arrest of root formation

This is a rare complication among injuries in the primary
dentition, affecting 2% of involved permanent teeth (1, 2,
29, 69, 71, 86, 101–107, 161, 162, 195, 196) (Figs
20.32–20.37). The injury to the primary dentition usually
occurs between 5 and 7 years of age and normally affects
maxillary incisors. The injury sustained is usually avulsion
of the primary incisors (1). A number of teeth with this type
of root malformation remain impacted, while others erupt
precociously and are often exfoliated due to inadequate peri-

A B

Fig. 20.30 Lateral root angulation as
a result of avulsion of left primary
lateral and central incisors at the age
of 5 years. A. Condition after injury.
Note that root development of the
central incisors has just started. B.
Radiograph taken at the age of 7 years
reveals angulation between the root
and crown portion. From ANDREASEN
et al. (1) 1971.

A B C

Fig. 20.31 Slight root dilaceration and impaction of a right canine after jaw fracture sustained at the age of 5 years. A. Radiograph taken 5 days after
the injury. Note displacement of the developing canine (arrow). B. Condition 9 years later. Note that the impacted and dislocated canine shows slight
root dilaceration. C. Histologic examination of the coronal part of the canine. The dilaceration is clearly visible (arrows). From LENSTRUP (19) 1955.
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A B

Fig. 20.32 Complete arrest of root
formation following avulsion of a left
primary central incisor at the age of 5
years. A. Radiograph at time of injury.
B. Condition at the age of 7 years. Note
complete arrest of root development,
invasion of bone into the root canal
and development of an internal peri-
odontal ligament. From ANDREASEN
et al. (1) 1971.

A B

C D

Fig. 20.33 Partial arrest of root for-
mation of an upper left central incisor.
The patient sustained an injury to the
primary dentition at the age of 5 years.
A. Radiographic examination at the
age of 8 years shows a secondary pulp
necrosis and a periapical radiolucency.
Pulp necrosis was possibly induced by
bacterial invasion through the poorly
mineralized tissue formed immediately
following injury. B. Mesial view of
extracted incisor. C. Low power view of
sectioned incisor. A slight dilaceration
and a marked calcio-traumatic line
with poorly mineralized tissue (arrows)
indicate that an acute injury has
occurred during odontogenesis. ×3. D.
Microradiograph of the sectioned
tooth. From ANDREASEN et al. (1)
1971.
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odontal support. Similar root abnormalities have been
found in developing teeth involved in jaw fractures (15, 18,
19, 99, 108–111).

The histopathology of root malformation varies. Some
cases show diminutive root development without evidence
of a previous acute traumatic episode during hard 
tissue deposition (1, 106, 107) (Fig. 20.33). Scar tissue 
developing after premature loss of the primary predecessor
has been thought to prevent normal eruption and also to
interfere with root formation (1). In other instances,
a typical calciotraumatic line, separating hard tissue 
formed before and after injury, is seen (1, 19, 103, 112) 
(Figs 20.34 and 20.35). In these cases, the trauma has 

apparently directly injured Hertwig’s epithelial root sheath,
thus compromising normal root development (Fig. 20.36).

Radiographic examination reveals typical foreshortening
of the root. Root resorption may also be seen with this type
of root abnormality (19, 108, 111) (Fig. 20.37).

Sequestration of permanent tooth germs –
dentigerous cyst

This is exceedingly rare after injuries to the primary denti-
tion (71, 92, 161) (Figs 20.38 and 20.39). Infection can com-
plicate healing of jaw fractures. In these instances, swelling,
suppuration and fistula formation are typical clinical 

Fig. 20.35 Partial arrest of root development after jaw fracture affecting the right side of the mandible in an 8-year-old patient. A. Condition immedi-
ately after injury. B. Six years later. The canine is impacted with a partial arrest of root development. C. Histologic examination of the removed canine.
Note sharp demarcation between pre- and post-traumatic hard tissue formation. ×8. From LENSTRUP (19) 1955.

A B C

Fig. 20.34 Partial arrest of root formation of a right central incisor. The patient sustained luxation injury of both primary central incisors at the age of
5 years. A and B. Frontal and lateral views of extracted incisor. A small resorption cavity is evident cervically (arrows) possibly inflicted by previous sur-
gical exposure of the impacted tooth. C. Low-power view of sectioned incisor. Apart from peripheral root resorption there is no evidence of acute injury.
×5. From ANDREASEN et al. (1) 1971.
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features, sometimes leading to spontaneous sequestration of
involved tooth germs (18, 100, 111, 113) (Fig. 20.39). Clin-
ical cases have reported swelling of the maxilla, retained
darkened primary incisors and absence of the permanent
incisor. It has been hypothesized that chronic periapical
inflammation of injured primary incisors may stimulate
proliferation of the reduced enamel epithelium of the adja-
cent developing tooth germ, leading to a follicular cyst (182,
197, 198).

Radiographic examination discloses osteolytic changes
around the tooth germ, including disappearance of the

outline of the dental crypt and expanded cortical alveolar
bone (Figs 20.38 and 20.39).

Disturbances in eruption

Disturbances in permanent tooth eruption may occur 
after trauma to the primary dentition and it is suggested 
that this is related to abnormal changes in the connective
tissue overlying the tooth germ (149). The eruption of
succeeding permanent incisors is generally delayed for about
1 year after premature loss of primary incisors (114, 115),

A B C

Fig. 20.36 Schematic drawing illustrating mechanism of partial arrest of root formation. A. Condition before injury. B. The impact from the intruded
primary incisor is transmitted to the permanent incisor with subsequent damage to the Hertwig’s epithelial root sheath. C. Partial arrest of root 
formation.

A B C

Fig. 20.37 Complete arrest of root development and root resorption after jaw fracture in the second molar region of a 9-year-old child. A and B. Con-
dition immediately after trauma. The developing second molar is displaced. C. Condition 7 years later. The second molar has erupted; however, there is
a complete arrest of root development and root resorption. From LENSTRUP (19) 1955.
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whereas premature eruption of permanent successors is 
rare (69, 71). Early loss of primary incisors (avulsion or
extraction) leads to space loss only in rare instances (158,
162, 199). However, ectopic eruption of permanent succes-
sors has been seen, possibly due to lack of eruption guidance
otherwise offered by the primary dentition (158). These
teeth often erupt labially (162). Impaction is very common
among teeth with malformations confined to either the
crown or root (1, 116, 195). When the permanent tooth does
erupt, it is often in facio- or linguoversion (114, 115, 150).

Treatment

Minor white or yellow-brown discolorations of enamel
seldom require treatment. However, if the enamel changes
are esthetically disturbing, recently developed techniques for
enamel microabrasion have been suggested (174–177) (Fig.
20.40). This implies application of an 18% hydrochloric
acid-pumice paste to the isolated enamel surfaces for a series
of, for example, 6–8 sequential 5-sec rubbing applications

A B C

Fig. 20.39 Sequestration of a permanent cental incisor tooth germ in a 4-year-old child. The girl fell from her cradle at the age of 6 month and expiri-
enced another fall at the age of 2 years. A. Radiographic examination at the time she sought treatment (4 year old) reveals osteolytic changes around
the permanent tooth germ. B. The lateral radiograph discloses an expansion of the cortical alveolar bone and a large radiolucency area surrounding the
tooth grem. Note the expanded bone causing upper lip deformity. C. The central incisor was removed under general anesthesia. The removed tooth was
included in a dentigerous cyst.

A B C

Fig. 20.38 Sequestration of a permanent central incisor tooth germ in a 11/2-year-old child. A. Radiographic examination at the time of injury reveals
intrusion of the right primary central incisor. The primary incisor was removed 2 weeks later due to acute inflammation and a labial abscess. B. A chronic
fistula appeared in the region 2 months later. Antibiotic therapy was instituted and the fistula disappeared. However, upon withdrawal of antibiotics, the
fistula returned. C. Radiographic condition after 6 months. Note the osteolytic changes around the permanent tooth germ. At this time, the tooth germ
was removed. Courtesy of Dr. H. ECHERBOM, Luleå, Sweden.
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Fig. 20.40 Microabrasion of a
tooth with superficial enamel dis-
coloration
A central incisor with multicolored
superficial enamel defects is shown on
the left. Immediately after enamel
microabrasion (right), the discoloration
is eliminated. Courtesy of Dr. T. P.
CROLL, Doyletown, USA.

Microabrasion of trauma-induced
enamel discolorations
The enamel changes consist of opaque
white and yellow color changes.

Enamel abrasion
Both central incisors are isolated with
a rubber dam and enamel abrasion
carried out with hydrochloric acid
pumice mixture, a mandrel tip and a
hand applicator.

Condition after enamel abrasion
The enamel changes are markedly
accentuated compared to the status
before enamel abrasion.
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with 10-sec interim water rinsings. This treatment is fol-
lowed by a 4-min application of 2% sodium fluoride gel and
polishing with abrasives when necessary.

It has been found experimentally on extracted teeth with
intact enamel surfaces, that such a procedure removes 12µm
enamel initially and 26µm with successive applications
(177), but that the amount of enamel which was lost was
clinically undetectable (175). Unfortunately most enamel
discolorations due to trauma penetrate the entire enamel
thickness (1) (Figs 20.10, 20.13 and 20.19). This fact explains
why this technique does not work satisfactorily in trauma-
related enamel discoloration and may sometimes even
accentuate these discolorations (Fig. 20.40).

Treatment of white or yellow-brown discoloration of
enamel with circular enamel hypoplasia implies removal of

the discolored enamel with a bur, etching with an acid con-
ditioner and restoration with a composite resin (151–156)
(Fig. 20.41).

When discoloration and enamel defects occupy most of
the labial surface, a porcelain jacket crown or laminate
veneer can be indicated (117, 118).

Crown dilacerated teeth often erupt spontaneously into
normal position. In some cases, surgical exposure of the
crown is necessary (Fig. 20.42). Because of the severity of the
malposition, surgical exposure sometimes must be supple-
mented with orthodontic realignment (178, 179) (Chapter
24, p. 694).

When the tooth has erupted to the level such that the
dilacerated area is free of the gingiva, restorative therapy
should be instituted, as the central lumen of the ‘internal
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Fig. 20.41 Restoration of a right
central incisor with yellow-brown
discolored enamel with compos-
ite resin. A. Clinical condition. B.
Cleansing the enamel with pumice
followed by a bur. C. Etching the
enamel. D and E. A celluloid crown
form is used as a matrix for the
composite resin. F. The finished
restoration.
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Fig. 20.42 Surgical and restora-
tive treatment of a crown-dilac-
erated incisor
The patient sustained an intrusion
injury of both right primary incisors at
the age of 1 year. These teeth were
later removed due to pulp necrosis. The
radiographic examination shows
crown dilaceration of the right central
incisor and enamel hypoplasia of the
right lateral incisor.

Clinical and radiographic condi-
tion at the age of 7 years
Eruption of the right central incisor has
not taken place. Surgical exposure was
therefore planned.

Surgical exposure of the
malformed incisors
After administration of a local anes-
thesia both incisors were surgically
exposed.

Condition after exposure
Two weeks after surgical exposure a
new gingival collar has been formed.
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Condition 4 months later
The incisors have further erupted and
are now ready for restoration.

Removing the dilacerated crown
portion
After a local anesthesia the dilacerated
crown portion is removed and the
exposed dentin is covered with a hard-
setting calcium hydroxide cement.

Temporary restoration
The incisor is temporarily restored. Due
to problems with moisture control the
tooth was initially restored with a steel
crown and later with a temporary
crown and bridge material.

Restoration with composite resin
As an interim restoration both incisors
were restored with composite resin.
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root’ constitutes a pathway for bacteria into the pulp. Thus,
a number of these teeth have been found to develop pulp
necrosis and periapical inflammation after eruption without
any evidence of decay (1, 74, 76, 136) (Fig. 20.43). It is there-
fore important to remove the dilacerated part of the crown
as soon as possible. A temporary crown can then be placed
until eruption is complete, when an acid-etch/composite
resin restoration, a veneer or a cast restoration can be made
(Fig. 20.42).

Malformed impacted teeth, e.g., odontoma-like malfor-
mations, teeth with root duplication, root dilaceration or
angulation should generally be removed. However, future
treatment needs (i.e. dental implants) might indicate their
preservation in order to maintain the alveolar ridge at an
acceptable height. A possible exception is vestibular root
angulation. Provided there is adequate space, such teeth can
be realigned by surgical exposure followed by orthodontic
intervention (29, 86, 91, 119, 136) (see Chapter 24, p. 694).
An alternative therapy can be extraction of the malformed
tooth, resection of the angulated root portion and insertion
of an apical implant (200).

Although rare, chronic periapical inflammation of
injured primary teeth may lead to dentigerous cysts and
spontaneous sequestration of the tooth germ. If not, they
should be removed surgically (137).

In some cases, premature loss of primary teeth can lead to
disturbance in eruption. Apparently the tooth germ is 
not able to penetrate the mucosa covering the alveolar
process. In these cases, excision of the tissue overlying the
incisal edge will result in rapid eruption of the impacted
tooth (149, 180) (Fig. 20.44). If the teeth are impacted with
their crowns inclined facially and above the mucogingival
junction, it is important to know that a wide incision of non-
functional mucosa can give rise to retraction of the gingiva.
Furthermore, the gingiva is nonkeratinized and prone to
periodontal disease (149) (Fig. 20.45). While this finding has
been questioned in a case report (180), it is recommended
that a smaller incision be made, preferably only in the func-
tional gingiva. When the permanent tooth erupts it is often
in facio- or linguoversion (Figs 20.45 and 20.46).

Essentials

Terminology

• White or yellow-brown discoloration of enamel
• White or yellow-brown discoloration of enamel and cir-

cular enamel hypoplasia
• Crown dilaceration
• Odontoma-like malformation
• Root duplication
• Vestibular root angulation
• Lateral root angulation or dilaceration
• Partial or complete arrest of root formation
• Sequestration of permanent tooth germ
• Disturbance in eruption

Frequency

• Injuries to primary teeth: 12–69% of involved permanent
teeth

• Jaw fractures: 19–68% of involved permanent teeth

Pathology

• Disturbances in mineralization and morphology

Treatment

Yellow-brown discoloration of enamel with or
without enamel hypoplasia

• Enamel microabrasion (Fig. 20.40)
• Composite resin restoration (Fig. 20.41)
• Porcelain-fused-to-gold restoration
• Porcelain jacket crown

Crown dilaceration (Fig. 20.42)

• Surgical exposure and possibly orthodontic realignment
• Removal of dilacerated part of the crown
• Temporary crown until root formation is completed
• Semi- or permanent restoration

A B C

Fig. 20.43 Pulp necrosis and periapical inflammation following crown dilaceration of a central incisor. A and B. Frontal and lingual view of involved
incisor. C. Radiographic demonstration of pulp necrosis and periapical inflammation.
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Fig. 20.44 Surgical exposure of
impacted permanent incisors
This 1-year-old girl suffered avulsion of
all primary incisors due to a fall.

Condition at the age of 10
There is no sign of eruption in spite of
advanced root development. The
incisal edges of the impacted incisors
can be palpated.

Exposing the incisors
After administration of a local anes-
thesia the mucosa overlaying the
incisal edges is removed with a surgi-
cal blade.

Condition 6 months after expo-
sure
The incisors are now fully erupted.
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Vestibular root angulation

• Combined surgical and orthodontic realignment

Other malformations

• Extraction is usually the treatment of choice

Disturbance in eruption (Fig. 20.44)

• Surgical exposure

References

1. A JO, S B, R JJ. The effect of
traumatic injuries to primary teeth on their permanent
successors. 1. A clinical and histologic study of 117
injured permanent teeth. Scand J Dent Res
1971;79:219–83.

2. A JO, R JJ. The effect of traumatic injuries
to primary teeth on their permanent successors. II. A

clinical and radiographic follow-up study of 213 injured
teeth. Scand J Dent Res 1971;79:284–94.

3. S BG, S I. Effect of experimental fracture
on bone, dentin and enamel. Study of the mandible and
the incisor in the rat. Arch Surg 1944;49:23–38.

4. S P. Über die Folgen von umschriebenen,
traumatischen Verletzungen in Geweben der 
Zahnanlage. Dtsch Zahn Mund Kieferheilk
1937;4:323–37, 602–14.

5. L BA. Effects of experimental trauma on developing
first molar teeth in rats. J Dent Res 1968;47:323–7.

6. S I. The effect of tooth injury on other teeth. I.
The effect of a fracture confined to one or two incisors
and their investing tissues upon the other incisors in the
rat. J Physiol Zool 1934;7:304–29.

7. A P. Experimentelle Untersuchungen zur
Regeneration des Gebisses. Dtsch Monatschr Zahnheilk
1920;38:385–412.

8. S HH, L W, B CF. Role of the
dental papilla in early tooth formation. Part I –
Roentgenographic study. J Dent Res 1942;21:
391–4.

9. L W, B CF, S HH.
Experimental papillectomy. Part II: Histological study.
(Preliminary report). J Dent Res 1944;23:345–61.

10. B W. Mechanisch erzeugte Entwicklungsstörungen
des Zahnkeimes. (‘Experimentelle
Zahnkeimmissbildungen’.) Dtsch Monatschr Zahnheilk
1928;46:737–51.

11. B J. Zahnkeimläsionen infolge Kieferfrakturen im
Tierversuch. Stoma (Heidelberg) 1967;20:165–73.

12. G JM, F WJL. The consequences of
mandibular incisor extraction in the young mouse I.
Histologic aspects. J Dent Res 1969;48:583–9.

13. Z R. Schmelzmissbildungen am permanenten
Gebiss nach Milchzahnluxation. Zahnärztl Prax
1956;7:1–2.

14. S CK. The effect of trauma on the anterior
deciduous teeth. Br Dent J 1959;106:340–3.

15. T H. Untersuchungen über Ursachen und
Häufigkeit exogener Zahnkeimschäden. Dtsch Zahn
Mund Kieferheilk 1962;37:468–84.

16. S N-E. The significance of traumatised primary
incisors on the development and eruption of permanent
teeth. Eur Orthodont Dent Soc 1970;46:443–59.

17. R JJ. Sequelae of acute mechanical traumata in the
primary dentition. ASDC J Dent Child 1968;35:
281–9.

Fig. 20.45 Gingival retraction and
enlarged gingival cuffs in a patient
where both central incisors were
exposed above the muco-gingival
junction. From DIBIASE (149) 1971.

Fig 20.46 Permanent lateral incisor erupted in linguoversion.



572 Chapter 20

18. F H-G. Traumata im jugendlichen Kieferbereich –
Heilergebnisse und ihr Einfluss auf die Keime der
bleibenden Zähne. Thesis, Leipzig, 1951.

19. L K. On injury by fractures of the jaws to teeth
in course of formation. Acta Odontol Scand
1955;13:181–202.

20. B J. Spätergebnisse nach im Kindesalter erlittenen
Unterkieferbrücken. Acta Chir Acad Sci Hung
1964;5:95–104.

21. B J. Zahnkeimschäden infolge Kieferfrakturen in
der Jugend. Stoma (Heidelberg) 1964;17:330–5.

22. D DA. Defects of structure and formation of the
teeth in persons with cleft palate and the effect of
reparative surgery on the dental tissues. Oral Surg Oral
Med Oral Pathol 1968;25:435–46.

23. M JR. Relationship of hypoplastic teeth and surgical
trauma in cleft repair. J Dent Res 1959;38:652–3.

24. W JJ. Trauma during exodontia. An aetiologic
factor in hypoplastic premolars. Br Dent J 1966;121:
284–9.

25. E RG, D KV. The classification and treatment of
injuries to the teeth of children. 5th edn. Chicago: Year
Book Publishers Inc., 1970.

26. R F. Les dents de Turner. 8 congrés dentaire
international, Section 3. Paris 1931:210–21.

27. B DT. Traumatised anterior teeth. Br Dent J
1964;116:52–5.

28. S-J I. Wplyw ostrych
mechanicznych urazów zebów mlecznych na
znieksztalcenia koron zebow stalych w okresie ich
wczesnego rozwoju. Czas Stomatol 1960;13:9–21.

29. H R. Die Bedeutung, Beurteilung und Behandlung
beim Trauma im Frontzahngebiet vom Standpunkt des
Kieferorthopäden. Dtsch Zahnärztl Z 1958;13:42–51.

30. B A. Störningar i tandutvecklingen som följd av
trauma. Svensk Tandläkar Tidning 1943;36:470–85.

31. MG SA. Management of injuries to deciduous
incisors. J Canad Dent Assoc 1969;35:26–34.

32. B P. Die Beeinflussbarkeit der Schmelzoberfläche
bleibender Zähne durch Traumen der Milchzähne in
frühester Jugend. Dtsch Zahnärztl Z 1956;11:190–2.

33. P-L, V. Dystrophie de cause
locale. Rev Stomatol (Paris) 1951;52:320–5.

34. M WS. Anaplasia. Report of a case. Oral Surg Oral
Med Oral Pathol 1960;13:581–3.

35. S J. Über traumatische Schädigungen des
Zahnkeimes und ihre Folgen. Schweiz Monatschr
Zahnheilk 1943;53:697–702.

36. S O. Ein Beitrag zur Kenntnis von Infraktionen
der Zähne. Österr Ung Vjschr Zahnheilk 1914;30:303–7.

37. D M. Dystrophies et malpositions dentaires et
maxillaires d’origine traumatique. Rev Stomatol (Paris)
1935;37:87–102.

38. A BG. Developmental enamel defects. Clinical
descriptions and classification. Am J Dis Child
1942;63:154–63.

39. P EJ. A case of local hypoplasia of the second
upper premolar due to trauma. Dent Practit Dent Rec
1952;2:51.

40. B WH. Effect of periapical processes of deciduous
teeth on the buds of permanent teeth. Pathological-
clinical study. Am J Orthod 1946;32:232–41.

41. B WH, E A. Defects in permanent teeth
following pulp exposure of primary teeth. ASDC J Dent
Child 1967;34:4–14.

42. MC J, F DJ. Injury to the teeth of
succession by abscess of the temporary teeth. ASDC J
Dent Child 1967;34:501–4.

43. M CH. Effect of infection of the deciduous
molar on the permanent tooth germ. J Am Dent Assoc
1937;24:786–91.

44. K NL, Z L, G ED. Effects of
pulpal exposure in the primary dentition of the
succedaneous teeth. ASDC J Dent Child 1967;34:
237–42.

45. M S. Experimental pathological study on the
effect of treatment of infected root canals in the
deciduous tooth on growth of the permanent tooth
germ. Int Dent J 1968;18:546–59.

46. V WF. Enamel defects induced by trauma during tooth
formation. Oral Surg Oral Med Oral Pathol 1968;25:
49–54.

47. F F. Frühkindliche Frontzahntraumen und ihre
Folgen. Zahnärztl Prax 1965;16:221.

48. P DF. Enamel dysplasia due to trauma. Dent Surv
1962;38:43–6.

49. W C. Ueber Knickungen und Drehungen an den
Kronen und Wurzeln der Zähne. Dtsch Vjschr Zahnheilk
1867;7:247–53.

50. M’Q JH. Dilaceration, or flexion of the crown of
a left superior central incisor. Dent Cosmos
1874;16:80–3.

51. P. Ein Fall von Zahnmissbildung durch Trauma.
Korresp Bl Zahnärzte 1912, 41:58–61.

52. D M. Dystrophies dentaires d’origine
traumatique. Presse Med 1933;41:1832.

53. K M. Zur Kauistik der traumatischen Affektion
der Zähne. Z Stomatol 1934;32:1082–7.

54. M-B J. Malformation et anomalie dentaires.
Rev Stomatol (Paris) 1936;38:844–8.

55. A F. Unfallfolgen während der Kleinkinderzeit in
der Betrachtung als kieferorthopädisches Problem.
Zahnärztl Welt 1949;4:283–8.

56. A F. Folgen nach Unfällen während der
Kleinkinderzeit. Zahn- Mund- und Kieferheilkunde in
Vorträgen. No. 9. München: Carl Hanser Verlag,
1952:107–16.

57. G G, S S. Dens in dente. Br Dent J
1950;88:111–22.

58. C. Anomalie de forme par traumatisme. Rev
Stomatol (Paris) 1951;52:325–7.

59. B PE. Kronfeld’s histopathology of the teeth and their
surrounding structures. 4th edn. Philadelphia: Lea &
Febiger, 1956:452–3.

60. J R, L K. PriIspvek k traumatickému
poskozeni zubnick zdrodku. Cs Stomatol 1967;67:
285–92.

61. P H. Erhaltung traumatisch geschädigter Zähne.
Dtsch Zahnärztl Z 1969;24:263–7.

62. G FB, S HR. Dilaceration of a mandibular
permanent incisor. Report of a case. Oral Surg Oral Med
Oral Pathol 1952;13:1249–52.

63. B J. Dilaceratio dentis. Tandlaegebladet
1963;67:710–17.



Injuries to Developing Teeth 573

64. M AE. Somatopsychic trauma as a result of
a dilacerated crown. ASDC J Dent Child 1963;30:
150–2.

65. B L. Dilaceratio dentis. Fogorv Szle 1969;62:43–8.
66. K R. Auswirkung einer zweimaligen

Traumatisierung auf einen unteren Frontzahn. Dtsch
Zahnärztl Z 1964;19:800–8.

67. G K. Ein Fall von Pfählungsverletzung bleibender
Frontzahnkeime. Dtsch Stomatol 1965;15:273–7.

68. G N. Malposizioni e malformazioni dentarie
conseguenti a trauma in dentatura decidua. Dent Cadm
(Milano) 1967;35:1393–409.

69. G C. Traumatologie et orthodontie. Rev Fr
Odontostomatol 1962;9:1091–113.

70. S. Formanomalie und Retention eines Zahnes,
bedingt durch Trauma im Entwicklungsstadium.
Zahnärztl Rdsch 1925;34:175.

71. B ML, D F. Manifestazioni cliniche delle
lesioni traumatiche accidentali della dentatura decidua.
Minerva Stomatol 1967;16:623–35.

72. T JA. System of dental surgery. London: John
Churchill, 1859:240–1.

73. R MA. Partial duplication following injury to
developing incisors. Br Dent J 1958;104:9–12.

74. Z K. Beiträge zur traumatischen Zahnschädigung.
In: Wannenmacher E. Ein Querschnitt der deutschen
Wissenschaftlichen Zahnheilkunde. No. 33. Leipzig: Verlag
von Hermann Meusser, 1938:43–70.

75. A T. Histopathologic studies of traumatized teeth.
Odontologisk Tidsskrift 1962;70:91–117.

76. C CR. Traumatic injury to unerupted incisors
following a blow to the primary teeth. J Canad Dent
Assoc 1959;25:752–62.

77. T H, T H. Feingewebliche Studien an
permanenten Frontzähnen nach traumatischer
Schädigung während der Keimentwicklung. Dtsch
Zahnärztl Z 1961;16:995–1002.

78. B P. Durch Traumen verursachte
Entwicklungsstörungen bei Schneidezähnen. Z Stomatol
1936;34:1056–77.

79. R JC. Gross maldevelopment of a permanent tooth
caused by trauma to its deciduous predecessor. N Z Dent
J 1960;56:24–5.

80. G C. Su di un caso di malformazione 
dentaria d’origine traumatica. Minerva Stomatol
1954;3:190–5.

81. H AD. Traumatic odontome. Br Dent J
1969;126:260–5.

82. G S. The development of halved tooth germs.
A study of experimental embryology. J Anat
1952;86:12–5.

83. P JJ. Dental mutilation and associated
abnormalities in Uganda. Am J Physiol Anthrop
1969;31:383–9.

84. E K. Complete root duplication of a lower
permanent incisor caused by traumatic injury. Case
report. Odontol Rev 1964;15:299–306.

85. A T, Å P. Dilaceration av 2+. Ett intressant
fall. Odontologisk Tidsskrift 1968;76:427–49.

86. E J. Die traumatischen Verletzungen der
Frontzähne bei Jugendlichen. 2nd edn. Heidelberg: Alfred
Hilthig Verlag, 1966:87.

87. T E. Durchbruchsstörungen nach
Zahnkeimschüdigung und traumatischem
Milchzahnverlust. Fortschr Kieferorthop 1958;19:170–9.

88. W GV. Frakturen, Infraktionen und
Knickungen der Zähne. Österr Ung Vjaschr Zahnheilk
1904;20:45–102.

89. G R. An everted crown. Dent Cosmos 1889;31:
911–12.

90. S JM. A case of dilaceration. Dent Cosmos
1930;72:667.

91. H H, K H. Über die Dilaceration von
Zähnen. Zahnärztl Welt 1961;62:33–7.

92. A G. Milchzahnintrusionen und mögliche Folgen an
den oberen permanenten Schneidezähnen. Dtsch
Stomatol 1969;19:459–64.

93. B ML, R G. Malformazioni dentarie secondarie
a traumatismo dei germi permanenti. Minerva Stomatol
1959;8:520–6.

94. R JF v. Das intraorale Röntgenbild und seine
klinische Auswertung. Zahn-, Mund- und Kieferheilkunde
in Forträgen. No. 16. Zahnärztliche Röntgenologie in
diagnostischer und therapeutischer Anwendung. München:
Carl Hanser Verlag, 1955:9–30.

95. B H. Das akute Trauma im Milchgebiss. Dtsch
Zahnärztl Z 1959;14:325–31.

96. E H. Die Anomalien, Fehlbildungen und
Verstümmelungen der menschlichen Zähne. München-
Berlin: JF Lehmanns Verlag, 1939:125–41.

97. M W. Der verbogene obere mittlere Schneidezahn.
Zahnärztl Welt 1955;10:406–7.

98. T H. Verletzungen der Milchzähne und ihre
Behandlung. In Reichenbach, E. Zahnärztliche
Fortbildung. No. 16. Kinderzahnheilkunde im
Vorschulalter. Leipzig: Johan Ambrosius Barth,
1967:363–86.

99. F K, S D. Über die Folgen von
Zahnkeimschädigungen durch Kieferfrakturen. Dtsch
Zahnärztl Z 1963;18:482–6.

100. T H. Spätschäden nach Kieferbrüchen im
Kindesalter. Fortschr Kieferorthop 1954;15:174–84.

101. B K, B P. Wurzelverkümmerung
durch Trauma. Quintessenz Zahnärztl Lit 1967;18:79.

102. B JS. A sequel to trauma involving the deciduous
incisors. Br Dent J 1965;118:394–5.

103. F GS. Case of repair after injury to developing
permanent incisors. N Z Dent J 1931;24:125.

104. S H. Über die Bedeutung traumatisch
geschädigter Zahnkeime für den kieferorthopädischen
Behandlungsplan. Zahnärztl Welt 1957;58:327–30.

105. F JS. Dilaceration. Oral Surg Oral Med Oral Pathol
1966;21:321–2.

106. M W. Ein Beitrag zur traumatischen Schädigung
von Zahnkeimen. Dtsch Monatschr Zahnheilk
1924;42:497–510.

107. W B, G KA. Eruption disturbances: two
cases with different etiology. Odontologisk Revy
1954;5:297–310.

108. C AF, N GS. Two interesting cases of
root resorption. Dent Rec 1954;74:258–60.

109. P GJ. Maxillofacial injuries in children and their
sequelae. Dent Rec 1946;66:159–68.

110. H SR, I B. The effect of trauma on normal



574 Chapter 20

tooth development. Report of two cases. ASDC J Dent
Child 1968;35:291–5.

111. F Z. Über die Folgen von Zahnkeimschädigungen
durch Kieferfrakturen. Dtsch Zahnärztl Z
1963;18:1225–7.

112. B B, F C-H. Frontzahntrauma und
Zahnentwicklung. Dtsch Zahn Mund Kieferheilk
1967;49:319–27.

113. F W. Kieferbrüche im Kindesalter und
seltene Zysten. Dtsch Zahnärztl Wochenschr
1940;43:508–10.

114. A AS. Orthodontic significance of anomalies of tooth
eruption. Am J Orthod 1957;43:559–76.

115. K SR. The eruption of permanent central incisors
following premature loss of their antecedents. ASDC J
Dent Child 1965;32:39–44.

116. B ML. Considerazioni su un caso di intrusione
traumatica di un dente deciduo causa di ritenzione del
correspondente permanente. Minerva Stomatol
1959;8:811–3.

117. F LE. The restoration of hypoplastic young
anterior teeth. ASDC J Dent Child 1951;18:21–30.

118. M B. Några synpunkter på unga permanenta
tander med emaljhypoplasier. Svensk Tandläkar Tidskrift
1960;53:53–72.

119. S C. Über die Folgen des Verlustes oberer
mittlerer Schneidezähne während der
Gebissentwicklung. Zahnärztl Rdsch 1967;76:
156–69.

120. L V, W H, E-E I, B

M. Indirekta traumaskador. Kliniska skador på
permanenta incisiver som följd av trauma mot
temporära incisiver. Sverig Tandläkar Förbund Tidning
1970;62:738–56.

121. A JO, R JJ. Enamel changes in permanent
teeth after trauma to their primary predecessors. Scand J
Dent Res 1973;81:203–9.

122. M H. Untersuchungen über die Auswirkungen
von Milschzahnverletzungen auf das bleibende Gebiss.
Österr Z Stomatol 1974;71:407–13.

123. W G, S J. Milchzahntraumen und ihre
Bedeutung für die bleibenden Zähne. Zahn Mund
Kieferheilk 1976;64:126–33.

124. B V, S E-M. Tierexperimentelle
Untersuchungen zur Frage des indirekten
Milschzahntraumas. Z Exper Chir 1971;4:174–80.

125. C DE. The reaction of permanent tooth buds to
injury. Oral Surg Oral Med Oral Pathol 1971;32:
832–9.

126. F H, H G, I B. Traumatic injuries
to enamel formation in rat incisors. Scand J Dent Res
1975;83:135–44.

127. A JO. The influence of traumatic intrusion of
primary teeth on their permanent successors. A
radiographic and histologic study in monkeys. Int J Oral
Surg 1976;5:207–19.

128. S GW, C TW. Traumatically induced
defects of enamel in permanent teeth in sheep. J Dent
Res 1977;56:1429.

129. T A, A JO. The influence of
traumatic intrusion of primary teeth on their permanent
successors in monkeys. A macroscopic, polarized light

and scanning electron microscopic study. J Oral Pathol
1977;6:296–306.

130. R JJ. Developmental disturbances in permanent teeth
after exarticulation of their primary predecessors. Scand
J Dent Res 1976;83:131–41.

131. R JJ. Developmental disturbances in permanent teeth
after intrusion of their primary predecessors. Scand J
Dent Res 1976;84:137–46.

132. I M, P B. Development of permanent
tooth germs involved in mandibular fractures in
children. J Dent Res 1971;50:721.

133. R A, Å P. Conservative treatment of teeth
involved by mandibular fractures. Swed Dent J
1971;64:623–32.

134. R R, Y P. The effect of jaw fractures
in children on the development of permanent teeth and
the occlusion. Proc Finn Dent Soc 1973;69:99–104.

135. P M, P W. Spätergebnisse der
Osteosynthesebehandlung bei Kieferfrakturen im
Kindesalter. Fortschr Kiefer Gesichtschir 1975;19:206–8.

136.  G AV. Injury to the permanent tooth germ after
trauma to the deciduous predecessor. Oral Surg Oral
Med Oral Pathol 1973;35:2–12.

137. A S, S Y, N, S K, K,
O S, À K. Studies on the consecutive survey
of succedaneous and permanent dentition in the
Japanese children. Part 3. Effects of periapical osteitis in
the deciduous predecessors on the surface malformation
of their permanent successors. J Nihon Univ Sch Dent
1966;8:21–41.

138. W GB, K IRH. Changes in periodontal
membrane, bone and permanent teeth following
experimental pulpal injury in deciduous molar teeth of
monkeys (Macaca irus). Arch Oral Biol 1972;17:
1771–9.

139. V J. A histologic study of experimentally
induced periapical inflammation in primary teeth in
monkeys. Int J Oral Surg 1974;3:111–23.

140. V J. Periapical inflammation in primary
teeth and its effect on the permanent successors. Int J
Oral Surg 1974;3:171–82.

141. M E. En efterundersögelse af patienter med
paradentale ostitter i mälketandsättet med henblik på
mineralisationsforstyrrelser i det blivende tandsät.3
(Autoreferat) Tandlaegebladet 1957;61:135–7.

142. T RMS. Dilaceration of incisor tooth crowns.
Report of two cases. N Z Dent Y 1970;66:71–9.

143.   H H. Het gevolg van trauma op een
tandkiem. Ned T Tandhelk 1972;79:75–80.

144. E R. Dilaceration of upper central and lateral
incisors. A case report. Br Dent J 1973;134:331–2.

145. E HD, C JJ. Dilaceration of both upper
central incisor teeth: a case report. J Dent 1975;3:
223–4.

146. S DJ. Dilacerate unerupted maxillary central
incisors. Br Dent J 1978;145:229–33.

147. K E. Et tilfelle av misdannelse av roten på den
maxilläre lateral. Norske Tannlaegeforenings Tidende
1971;81:289–92.

148. L CG. Einige Untersuchungen zur Pathobiologie
unfallgeschädigter Zähne. Schweiz Monatschr Zahnheilk
1973;83:989–1014.



Injuries to Developing Teeth 575

149. DB DD. Mucous membrane and delayed eruption.
Dent Practit 1971;21:241–50.

150. H K, R L. A follow-up study of injuries
to permanent and primary teeth in children. Proc Finn
Dent Soc 1976;72:152–62.

151. U M, K K, D C. Kompositkronen.
En ny type semipermanent krone. Norske
Tannlageforenings Tidende 1973;83:281–4.

152. O MN, W GT. The restoration of
fractured incisors using a pit and fissure sealant and
composite material. J Am Dent Assoc 1974;89:
365–8.

153. C JJ. The restoration of hypoplastic anterior teeth
using an acid-etched technique. J Dent 1975;3:121–4.

154. K G, P J. Klinisk uppföljning av
compositrestaureringar utförda med
emaljetsningsmetodik. Swed Dent J 1976;69:191–6.

155. J RE, S M, G AJ, H JK.
Restoration of fractured and hypoplastic incisors by the
acid etch resin technique; a three-year report. J Am Dent
Assoc 1977;95:795–803.

156. M JR, ME SA. Acid etch and enamel bond
composite restoration of permanent anterior teeth
affected by enamel hypoplasia. J Am Dent Assoc
1977;94:305–7.

157. B I, B-B Y, F A, Z Y. Trauma to
the primary incisors and its effect on the permanent
successors. Pediatr Dent 1984;6:78–82.

158. B I, B B Y, Z, F A. Effect of
trauma to the primary incisors on the alignment of their
permanent successors in Israelis. Comm Dent Oral
Epidemiol 1988;16:104–6.

159. B B Y, B I, F A, Z Y. Effect of
trauma to the primary incisors on permanent successors
in different developmental stages. Pediatr Dent
1985;7:37–40.

160. M J, M SC, J JP. Traumatismes
dentaires chez l’enfant en âge préscolaire et
répercussions sur les dents permanentes. Schweiz
Monatsschr Zahnmed 1986;96:432–40.

161. Z Y, B B Y, L J. Effect of
trauma to primary incisors on root development of their
permanent successors. Pediatr Dent 1986;8:289–93.

162.  A T. Traumatologie im Milchgebiss (II).
Langzeitergebnisse sowie Auswirkungen auf das
Milchgebiss and die bleibende Dentition. Schweiz
Monatsschr Zahnmed 1991;101:57–69.

163. M FMB, S EB, S DC, T ID.
Defective primary dentition in survivors of neonatal
mechanical ventilation. J Pediatr 1980;96:106–8.

164. S WK, B JP, T DI, O’C M.
Developmental defects in the primary dentition of low
birthweight infants: adverse effects of laryngoscopy and
prolonged endotracheal intubation. Pediatric Dent
1984;6:28–31.

165. A GM, S DR, J R, S EA.
Oral complications associated with neonatal oral
tracheal intubation: a critical review. Pediatr Dent
1989;11:133–140.

166. B JB, K HF, F JM. Gingival and dental
complications of orotracheal intubation. J Am Med Assoc
1976;236:957–5.

167. W RC. Defective dentition following mechanical
ventilation. J Pediatr 1980;96:334.

168. A J, C TW. An epidemiological index of
developmental defects of dental enamel (DDE Index).
Int Dent J 1982;3:159–67.

169. S GW, B RH, H GP. The
prevalence of developmental defects of enamel in 696
nine-year-old New Zealand children participating in a
health and development study. Com Dent Health
1985;2:303–13.

170. D PHM, K A, K R. Prevalence of
enamel developmental defects in a group of 11- and 12-
year-old children in South Wales. Com Dent Oral
Epidemiol 1986;14:119–22.

171. C J, O’M D. A modified DDE Index for
use in epidemiological studies of enamel defects. J Dent
Res 1989;68:445–50.

172. H A-K, A R. Enamel mineralization
disturbances in 12-year-old children with known early
exposure to fluorides. Com Dent Oral Epidemiol
1982;10:335–9.

173. K AY, K S, W D, D D.
Developmental anomaly of permanent teeth related to
traumatic injury. Endod Dent Traumatol 1990;6:
183–8.

174. C TP, C RR. Enamel color modification
by controlled hydrochloric acid-pumice abrasion. I.
Technique and examples. Quintessence Int 1986;17:
81–7.

175. C TP, C RR. Enamel color modification
by controlled hydrochloric acid-pumice abrasion. II.
Further examples. Quintessence Int 1986;17:157–64.

176. C TP, C RR. Hydrochloric acid-pumice
enamel surface abrasion for color modification: results
after six months. Quintessence Int 1986;17:335–41.

177. W WF, J WM, S S,
S E. Microabrasion of human enamel in vitro
using hydrochloric acid and pumice. Pediatr Dent
1989;11:319–23.

178.  G AV. Lésions des germes définitifs suite à des
traumatismes de la dentition de lait. Rev Belge Med Dent
1986;41:96–9.

179.  B Y, B I, Z Y. Effects of trauma to
the primary incisors on their permanent successors:
multidisciplinary treatment. ASDC J Dent Child
1989;56:112–6.

180. L M, W JL. Development of gingiva
following surgical exposure of a facially positioned
unerupted incisor. J Periodontol 1988;59:652–5.

181. K AY, K S, W D, D D.
Developmental anomaly of permanent teeth related to
traumatic injury. Endod Dent Traumatol 1990;6:183–8.

182. N H, S WA, Z D, C I,
A TA. Dentigerous cyst associated with an
upper permanent central incisor: case report and
literature review. J Clin Pediatr Dent 2002;26:187–92.

183. C S, K I, G G. Developmental arrest of
tooth bud after correction of mandibular fracture. Endod
Dent Traumatol 1995;11:105–7.

184. A PV, G PJ. Complicated crown fracture of
an unerupted permanent tooth – a case report. Endod
Dent Traumatol 1998;14:48–56.



576 Chapter 20

185. I M, S K, M M. A clinical study of
traumatic injuries to deciduous teeth. (3). The influence
on their permanent successors. Shoni Shikagaku Zasshi
1990;28:397–406.

186. S R,  A T. Developmental disorders of
permanent teeth after injuries of their primary
predecessors. A retrospective study. Schweiz Monatsschr
Zahnmed 2002;112:214–19.

187.  A T. Developmental disturbances of permanent
teeth following trauma to the primary dentition. Aust
Dent J 1993;38:1–10.

188. S WK, P S, Y WG, D T.
Dilaceration of a primary maxillary incisor associated
with neonatal laryngoscopy. Pediatr Dent 1990;12:
321–4.

189. T K, O K, H M, F T,
M W. The effect of mechanical trauma on the
tooth germ of rat molars at various developmental
stages: a histopathological study. Endod Dent Traumatol
1999:15:17–25.

190. M AS. Enamel hypoplasia of a maxillary 
central incisor. Endod Dent Traumatol 1989;5:
204–6.

191.  A T. Deciduous tooth intrusions and the
odontogenesis of the permanent teeth. Developmental
disorders of the permanent teeth following intrusion
injuries to the deciduous teeth. Schweiz Monatsschr
Zahnmed 1995;105:11–17.

192. P AR, R VV, B N. Duplication
and dilaceration of a crown with hypercementosis of the
root following trauma: a case report. Quintessence Int
1998;29:655–7.

193. M MG. Crown dilaceration of permanent
incisors following trauma to their primary predecessors.
J Clin Pediatr Dent 1995;20:49–52.

194. C SM, M D. Dilaceration of a
permanent mandibular incisor. A case report. Br J
Orthod 1995;22:279–81.

195. K SS, K GS, R V, R KP.
Permanent maxillary central incisor impaction: report of
two cases. Quintessence Int 2003;34:50–2.

196. N S, M GP. Partially arrested root
formation in a permanent maxillary central incisor
subsequent to trauma to the primary dentition. Endod
Dent Traumatol 1994;10:23–6.

197. K CM, L PH, T JL.
Dentigerous cyst associated with trauma to a primary
incisor: a case report. Quintessence Int 1992;23:683–6.

198. S RP, F DE, B KM, S PB.
Dentigerous cysts involving permanent incisors: four
case reports. Int J Paediatr Dent 1992;2:105–11.

199. B I,  B Y, Z Y, F A. Effect of
trauma to the primary incisors on the alignment of their
permanent successors in Israelis. Com Dent Oral
Epidemiol 1988;16:104–8.

200. F A, P , T U. Transplantation of
displaced and dilacerated anterior teeth. Endod Dent
Traumatol 1998;14:93–98.

201. D M, EB HE. Intrusion injuries of primary
incisors. Part III: Effects on the permanent successors.
Quintessence Int 2000;31:377–84.

202. O ML, K G. Developmental disturbances in
permanent successors after intrusion to maxillary
peimary teeth. Eur J Paediatric Dent 2001;4:165–72.

203. O A. Localized enamel hypoplasia: a case
report. Dent Update 1996;23:64, 68.

204. B B Y, B I, Z Y. Effects of trauma
to the primary incisors on their permanent successors:
multidisciplinary treatment. ASDC J Dent Child
1989;56:112–16.



Terminology, frequency and etiology

A large number of dental traumas are associated with
injuries to the lip, gingiva and oral mucosa. One third of
all patients treated for oral injuries in dental emergency set-
tings and more than half of all patients treated in a hospital
emergency setting are associated with soft tissue injury
(1–4).

The dentition is shielded by the lips covering the teeth in
case of impact to the lips (Fig. 21.1). Trauma energy will be

absorbed in the soft tissue resulting in less severe tooth
injuries. However, this will result in various types of soft
tissue trauma depending on the direction of force, shape and
size of object, and energy (see Chapter 8).

Moreover, when a patient is subjected to trauma, the teeth
may also cause injury to the surrounding soft tissue, most
commonly penetrating into the lips but sometimes also the
cheeks and tongue. When teeth are dislocated the gingiva
will sometimes be lacerated.

Incorrect primary treatment may result in unesthetic
scarring (Fig. 21.2).
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Fig. 21.1 Section through a human lower lip in the
midline. Note the composite structure of the lip,
with musculature, salivary glands and hair follicles.
Most of the musculature is oriented parallel to the
vermilion border.
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Types of soft tissue trauma

Soft tissue injuries are usually classified into the following
groups and their characteristics are described below. They
can be seen extraorally (skin) as well as intraorally (gingiva
and oral mucosa).

Abrasion

An abrasion is a superficial wound produced by rubbing and
scraping of the skin or mucosa leaving a raw, bleeding
surface (Fig. 21.3). This injury is usually seen on knees and
elbows in children and in the oral region the lips, chin, cheek
or tip of the nose are frequently affected. The friction

between the object and the surface of the soft tissue removes
the epithelial layer and papillary layer of the dermis, and the
reticular layer of the dermis is exposed. Superficial abrasions
can be quite painful because terminal nerve endings are
exposed.

Contusion

A contusion is a bruise usually produced by impact with a
blunt object and not accompanied by a break in the skin or
mucosa but usually causing subcutaneous or submucosal
hemorrhage in the tissue (Figs 21.4. and 21.5). Contusions
may also be caused by the disrupting effect of fractured bone
in maxillofacial injuries. Contusions may therefore indicate
an underlying bone fracture.

Fig. 21.2 Scarring subsequent to
a penetrating wound in the lower
lip
A 3-cm wide laceration of the cuta-
neous and mucosal aspects of the
lower lip in a 9-year-old girl. Suturing
of the cutaneous aspect of the wound
was the only treatment provided.

Condition after 1 week
Note saliva seepage and non-closure
of the wound.

Follow-up
Healing has resulted in extreme scar-
ring of the skin, whereas the wound on
the mucosa is hardly noticeable.
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Laceration

A laceration is a shallow or deep wound in the skin or
mucosa resulting from a tear and is usually produced by a
sharp object or by teeth penetrating into the soft tissue (Figs
21.6 and 21.7). Laceration involves epithelial and subep-
ithelial tissues and if deeper may disrupt blood vessels,
nerves, muscles and involve salivary glands. The most fre-
quent lacerations in the oral region caused by trauma are
seen in lips, oral mucosa and gingiva. More seldom the
tongue is involved.

Avulsion

Avulsion (tissue loss) injuries are rare but seen with bite
injuries or deep abrasions (Fig. 21.8). These are complex
injuries from a treatment point of view in the emergency
phase because a decision has to be made whether to 
excise and primary close the defect with flaps or grafts 
(large defects) or wait for spontaneous healing (small
defects).

Emergency management

After the diagnosis has been established, the extent and con-
tamination of the lesion is examined. Ascertainment of the
extent of tissue damage demands thorough exploration 
after administration of local anesthesia. Soft tissue injuries

are often seen together with dental injuries and bone 
fractures. A systematic approach is recommended. If the 
soft tissue injuries are sutured first, before intraoral 
treatment of teeth and bone fractures, the sutures will most
likely make the tissue rupture when later intraoral manipu-
lation is taking place. This will also result in the tissue
margins being more difficult to close in a second suturing.
For this reason it is important to plan the emergency 
treatment so that intraoral treatment is performed first,
and extraoral suturing of lips after the intraoral treatment.
This is in contrast to the examination procedure where 
we start with extraoral examination before we perform
intraoral examination. A golden rule: ‘Examine from
outside towards inside – treat from inside towards outside’ may
help one to remember the examination and treatment
sequences.

Local anesthetics should be used to allow manipulation of
the tissue without pain. Topical anesthetics are preferable,
and recent reports have indicated that those containing a
combination of prilocaine/lidocaine are effective in reduc-
ing pain from needle stick injury, so that it may be possible
to close minor lacerations without injection (70).

There are four major steps in the emergency management
of soft tissue injuries: cleansing, debridement, hemostasis
and closure (5). One of the aims of wound cleansing is to
remove or neutralize microorganisms, which contaminate
the wound surface, in order to prevent infection. Wound
detergents reduce the bioburden (6). However, the fact
remains that almost all common wound disinfectants have
been shown to have a detrimental effect upon wound

Fig. 21.3 Abrasion of the upper and lower lip. Fig. 21.4 Periorbital hematoma indicating
contusion injury after road traffic accident.
Clinical and radiographical examination
revealed underlying bone fracture.

Fig. 21.5 Hematoma of soft tissue in right premolar
region. Perimandibular hematoma is strongly indicative
of mandibular fracture and radiographic examination
revealed a mandibular fracture.
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healing (7). Physiologic saline or Ringers solution appear to
be without a harmful effect upon cells in the wound. Even
water can be used for rinsing. The volume of fluid seems to
be more important than if saline or water is used (8).

The presence of foreign bodies in the wound significantly
increases the risk of infection (9) and retards healing, even
in wounds free of infection (10) (see Chapter 1, p. 42).
Foreign bodies also contribute to extensive scarring and 
tattooing of tissues. This finding emphasizes the importance
of adequate removal of all foreign particles prior to 
suturing.

Abrasion

It is important to remove all dirt, gravel, asphalt and other
foreign bodies to avoid future permanent tattoo and scar-
ring in the skin (Fig. 21.9). This is very time consuming but
extremely important (Fig. 21.10). There is only one chance
to clean the abrasion properly and that is during the emer-
gency phase. After administration of local anesthesia, the
wound and surroundings are thoroughly rinsed and washed
with saline. A scrub brush, gauze swabs or even a soft tooth-
brush may be used. If the contamination is severe a mild

Fig. 21.6 (Left) Laceration of lip after
road traffic accident.
Fig. 21.7 (Right) Intraoral laceration
of the upper lip. The blood around the
anterior teeth originated from this lac-
eration and not from any dental
injuries.

Fig. 21.8 Avulsion injury of lower lip.
Note the loss of soft tissue. Neverthe-
less this was left for spontaneous
healing without flaps or grafts. Note
the final result one year after trauma.
A normal contour of the lip is seen.
Scar tissue is seen centrally in a circu-
lar area at the vermilion border with a
9mm diameter.
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Fig. 21.9 Cleansing of a skin
wound containing asphalt
particles
A, B. In order to adequately cleanse
the abrasions, a topical anesthetic
is necessary. In this case, a lidocain
spray was used. Note that the nos-
trils are held closed to reduce dis-
comfort from the spray entering
the nose. C. Washing the wounds.
The lips are washed with surgical
sponges or gauze swabs soaked in
a wound detergent.

Removing asphalt particles 
D and E. The impacted foreign
bodies cannot be adequately
removed by scrubbing or washing;
but should be removed with a
small excavator or a surgical blade
held perpendicular to the direction
of the abrasions.

Cleaned wound and follow-up 
F and G.Two weeks after injury, the
soft tissue wounds have healed
without scarring.



soapy solution may be used (Fig. 21.9). Thereafter, all
foreign bodies are removed with a small excavator or a sur-
gical blade which is placed perpendicular to the cutaneous
surface in order to prevent it from cutting into the tissue.
Finally irrigation with saline should be performed. The
wound is usually left open without any applications but may
be covered with a bandage. The patient should avoid exces-
sive sunlight during the first 6 months to decrease risk of
permanent hyperpigmentation. Intraoral abrasions do not 
have to be treated but limited to removal of any foreign
bodies.

Contusion

Swelling and bruising may indicate a deeper injury; usually
only bleeding but sometimes bone fractures are the causes
of contusions (Figs 21.4 and 21.5). Radiographic examina-
tion is therefore indicated. Care should be taken to extend
the clinical examination also to indirect trauma related areas
such as palpation and radiographic examination of the
condyles when a bruise is seen in the chin region. Make sure
that there is no ongoing bleeding if the swelling is located in
a sensitive area for the airways such as the floor of the mouth
or the tongue. No treatment is necessary for contusions
when the injury is limited to soft tissue injury.

Laceration

The possibility of contamination of the wound requires
inspection for foreign bodies or tooth fragments. In deeper
wounds, clinical inspection should be supplemented with a
radiographic examination which can reveal at least some of
the contaminating foreign bodies.

The removal of foreign bodies in facial and oral tissues
after laceration is known to be a difficult and time-con-
suming procedure (11). A syringe with saline under high
pressure, a scrub brush or gauze swabs soaked in saline can
be used to remove foreign bodies. If this is not effective, a
surgical scalpel blade or a small spoon excavator may be
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Fig. 21.10 Extensive asphalt tattoo. The patient suffered an injury years
earlier. Inadequate wound debridement resulted in extensive asphalt tat-
tooing. Courtesy of Dr. S. BOLUND, University Hospital, Copenhagen.

Fig. 21.11 Treatment of horizon-
tal gingival laceration with tissue
displacement in the permanent
dentition
Due to an impact the gingiva has been
lacerated and displaced whereas the
central incisors are left intact.

The displaced attached gingiva is
repositioned and sutured
Postoperatively a scan is seen midroot
in the left incisor region
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used. Complete removal of all foreign bodies is important,
to prevent infection and also to prevent disfiguring scarring
or tattooing in the skin.

Devitalized soft tissue serves to enhance infection by at
least three mechanisms: first, as a culture medium that can
promote bacterial growth; second, by inhibiting leukocyte
migration, phagocytosis and subsequent bacterial kill; and
third, by limiting leukocyte function due to the anaerobic
environment within devitalized tissue (i.e. low oxygen
tension impairs killing of bacteria) (9, 12, 13) (see Chapter
1). However, the maxillofacial region has a rich blood
supply. For this reason debridement should be kept to a
minimum. However, severely contused and ischemic 
tissue should be removed in order to facilitate healing 
(14, 15).

Gingival and vestibular lacerations

After administration of a local anesthetic, the wound is
cleansed with saline, and foreign bodies removed. The lac-
erated gingiva is brought back into normal position, imply-
ing that displaced teeth have been repositioned (Figs 21.11
and 21.12). After repositioning of the gingiva, the necessary
numbers of thin sutures are placed to prevent displacement
of tissue. A minimum number of sutures should be used.
The patient is then placed on an oral hygiene regimen using
0.1% chlorhexidine for 4–5 days, whereafter the sutures are
removed. In cases of loss of gingival tissue, a gingivoplasty
should be performed whereby flaps are elongated by place-
ment of periosteal incision (Fig. 21.13). If tissue loss has
occurred in the region of erupting teeth, it is important to

Fig. 21.12 Treatment of a gingi-
val laceration with exposure of
bone in the primary dentition
Due to a fall against an object, the
gingiva has been displaced into the
labial sulcus and bone is exposed
whereas the incisors are left intact.

Repositioning and suturing of the
gingiva
The condition immediately after gingi-
val repositioning and suturing. Loose
labial bone fragments have been
removed.

Fig. 21.13 Gingival tissue loss. The
central incisor has been avulsed and
lost. There is tissue loss with exposure
of labial bone. A flap is raised and the
periosteum incised, whereby it is pos-
sible to cover the denuded bone.
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consider whether tissue loss has exposed the cemento-
enamel junction. If this is not the case, further eruption and
physiologic gingival retraction will normalize the clinical
appearance with time (Fig. 21.14). With minor displace-
ments, gingival regeneration amounting to approximately 1
mm will usually occur (68) (Fig. 21.15).

A trauma force parallel to the front of the maxilla or the
mandible will result in complete displacement of the labial
mucosa into the sulcus area (67) (Fig. 21.16). Vestibular lac-
eration with denuding of soft tissue from the bone is some-
times accompanied by severe contamination (Fig. 21.17).
Wound cleansing and removal of all foreign bodies is very
important before closure with sutures. Wound closure and
primary healing is the main objective in these injuries and
should aim at covering of bone. Later wound dehiscence with
exposure of sequestred bone is sometimes seen and second-
ary healing with the loss of a thin superficial layer of the
exposed bone will take place over a long time (Fig. 21.18). In
that case daily rinsing is necessary to keep the area 
clean and support healing. The scarring from this secondary
healing can be accepted because it is intraorally located and
does not have any esthetic consequences for the patient.

Lip lacerations

In cases of a frontal impact, the labial surfaces of protrud-
ing incisors may act as a bayonet, resulting in a sagittal split
of the lip (Fig. 21.19). Because of the circumferential orien-

tation of the orbicularis oris muscles, these wounds will
usually gape, with initially intense arterial bleeding due to
the rich vasculature in the region. Hemorrhage is usually
soon spontaneously arrested due to vasoconstriction and
coagulation but with manipulation of tissue bleeding may
start again. Sometimes electrocoagulation may be necessary
but it should be borne in mind that extensive use of elec-
trocoagulation in the lip should be avoided.

If the direction of impact is more vertical, parallel to the
axis of either the maxillary or mandibular incisors, the
incisal edges may penetrate the entire thickness of the lip.
When the incisal edges hit the impacting object, fracture of
the crown usually occurs.

To find foreign bodies a thorough exploration of the lac-
eration is important. Radiographic examination adds to the
information and may show a variety of typical foreign
bodies, such as tooth fragments, calculus, gravel, glass and
fragments of paint (Fig. 21.20). However, other typical
foreign bodies such as cloth and wood cannot be seen (69).

The radiographic technique consists of placing a dental
film between the lip and the alveolar process. In cases of a
wide lesion, orientation of images is facilitated by placing a
small metal indicator (e.g. a piece of lead foil) in the midline
of the vermilion border in order to locate possible foreign
bodies. The exposure should be made at a low kilovoltage
(to increase contrast), and the exposure time should be kept
at the lowest value to be able to reveal particles with low
radiographic contrast. If the intraoral film discloses foreign

Fig. 21.14 Gingival loss in an erupt-
ing permanent central incisor. In erupt-
ing teeth, gingival displacement or
tissue loss should be assessed in rela-
tion to the position of the cemento-
enamel junction. In this case of a
12-year-old boy, trauma resulted in
tissue loss not extending beyond the
cemento-enamel junction of the left
central incisor. At a follow-up exami-
nation 5 years later, there is almost
complete gingival symmetry.

Fig. 21.15 Gingival laceration with
spontaneous regeneration. The mar-
ginal gingiva in this 9-year-old girl was
displaced apically and not reposi-
tioned. At the 1-month follow-up
examination, normal gingival relations
could be observed.



Fig. 21.16 Vestibular laceration in the mandibular front region. This lac-
eration was caused by a bicycle accident with degloving of the lower lip
and vestibular tissue from the alveolar bone.

Fig. 21.17 Severely contaminated vestibular laceration. This was caused
by a football player falling on the chin in the grass resulting in degloving
of the soft tissue from the bone. All soil and foreign bodies have to be
removed before closure can take place.

Fig. 21.18 Vestibular laceration with
exposed bone. In spite of meticulous
cleaning and closure and suturing in
the emergency phase this laceration
opened up and bone was exposed 2
weeks after trauma. This exposure was
treated by daily rinsing by the patient
and weekly follow up visits with irri-
gations at the clinic. A superficial
sequestration was seen after 3 weeks.
Completed healing is seen 7 weeks
after trauma.

Fig. 21.19 Split lip due to a frontal
impact. This patient was hit in the face
with a bottle, resulting in a split lip and
lateral luxation of the right central
incisor. The vermilion border is sutured
first, whereafter the rest of the lacera-
tion is closed with interrupted sutures
(e.g. Prolene® 6.0).

Fig. 21.20 Radiographic appearance
of typical foreign bodies. From left to
right, the following types of foreign
body are seen: tooth fragment, com-
posite resin filling material, gravel,
glass and paint. The different objects
vary in radio-opacity.
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Fig. 21.21 Penetrating lip lesion
with embedded foreign body
This 8-year-old boy fell against a stair-
case, whereby the maxillary incisors
penetrated the prolabium of the lower
lip. Parallel lesions are found corre-
sponding to each penetrating incisor.

Radiographic investigation
A dental film was placed between the
lip and the dental arch. Exposure time
is 1/4 of that for conventional dental
radiographs. A large occlusal film is
placed on the cheek and a lateral
exposure taken using half the normal
exposure time.

Radiographic demonstration of
multiple foreign bodies in the
lower lip
Orthoradial and lateral exposures
show multiple fragments in lower lip.
The lateral exposure could demon-
strate that the fragments are equally
distributed from the cutaneous to the
mucosal aspect of the lip.

Retrieved dental fragments
The lip lesion is sutured after removal
of tooth fragments, foreign bodies
such as tooth fragments, plaque, cal-
culus, and fragments from the impact-
ing object usually become trapped
within the lip.
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bodies, a lateral exposure may verify their position in a sagit-
tal plane (Fig. 21.21).

In the case of narrow penetrating wounds, a special tech-
nique of opening up the wound, as illustrated in Fig. 21.22,
is recommended. Management of a broad penetrating lip
lesion is seen in Fig. 21.23. Treatment starts by cleansing the
wound and surrounding tissue. The wound edges are ele-
vated and foreign bodies are found and retrieved. It is essen-
tial to consider that foreign bodies are usually contained
within a small sac within the wound. When all fragments
that have been registered on radiographs have been
retrieved, the wound is debrided for contused muscle and
salivary gland tissue. The anatomy of the wound should be
respected. Never excise wounds to make long straight scars
which invariably are more visible. Thereafter the wound is
carefully rinsed with saline; and a check is made to ensure
that bleeding has been arrested.

When suturing the lip special attention must be paid to
carefully approximate the transition of skin to mucosa 
(vermilion border) as any inaccuracy in wound closure will
be very esthetically apparent. A minimum of sutures should
be used, as deep sutures in contaminated wounds have been
shown to increase the risk of infection (9). In penetrating
lesions the mucosal side of the wound is first sutured so that
no saliva can enter the wound (Fig. 21.23). A few resorbable
5.0 sutures are placed in the musculature to reduce tension
on the cutaneous sutures. Thereafter, the cutaneous part of
the wound is closed with 6.0 sutures. Magnifying lenses, e.g.
ordinary spectacles with 4 × loupes can be used to ensure
meticulous suturing. Intracutaneous sutures may be used
for cutaneous closure in estehtically sensitive areas (Fig.
21.24). Adhesive tape/strips may be used in addition to
relieve tension (Fig. 21.25).

Tongue lacerations

Other than in patients suffering from epilepsy, tongue
lesions due to trauma are rare. In the former instance, bite
lesions may occur along the lateral part of the tongue during
seizures. Furthermore, following an impact to the chin with
the tongue protruding, a wound may be caused by incisor
penetration through the apex of the tongue.

A wound located on the dorsal surface of the tongue
should always be examined for a ventral counterpart (Fig.
21.26). If there are concomitant crown fractures, fragments
may be located within the wound. These fragments can be
revealed by a radiographic examination (see above).

Treatment principles include cleansing of the wound,
removal of foreign bodies and suturing of the dorsal and
ventral aspects of the lesion. After administration of anes-
thesia (local, regional or general), foreign bodies are
retrieved, the wound cleansed with saline, and the wound
entrances sutured tightly (Fig. 21.26). Deep lacerations in
the tongue will increase the risk of postoperative bleeding
and some of these patients should be observed postopera-
tively so that continuing deep bleeding in the tongue and
floor of the mouth with life threatening occlusion of airways
can be prevented.

Avulsion of tissue

Tissue loss may be seen intra- and extraorally. In case of loss
of gingival tissue, a gingivoplasty should be performed
whereby flaps are elongated by the placement of periosteal
incisions (Fig. 21.13).

Tissue losses on the skin side are complex injuries from a
treatment point of view in the emergency phase. There is a
high risk for extensive scar contraction resulting in esthetic
failure if not properly handled by an experienced specialist.
Minor injuries in young individuals may be left for second-
ary healing and possible later reconstruction (Fig. 21.8).
With larger avulsion injuries secondary healing should be
avoided due to excessive scar formation and local flaps or
skin grafts should be used in the early treatment of these
cases (16–18).

Tissue losses are sometimes seen with animal bites to the
face and are usually caused by dogs (19–21). Because of con-
tamination from the dog’s saliva the main concern is infec-
tion. Copious irrigation by saline and debridement should
be performed. Antibiotics should always be administered
regardless of duration. Rabies vaccine should be considered
depending on the status of the dog. Ideally the animal
should be caught and observed. Fluorescine antibody test
should be performed to see if the animal has rabies. The
incubation period of rabies is 2–8 weeks in humans and the
patient can be treated within this period with a rabies vac-
cination protocol.

Wound closure materials and principles

The management of facial soft tissue wounds is not a well-
documented area and wound healing often leads to scarring
(69). Sutures and tapes/strips are the traditional methods for
closure of wounds in the skin of the face. Strips can be used
together with sutures to relieve tension (Fig. 21.25). Strips
can also be used alone to close small superficial wounds.
Tissue adhesives e.g. cyanoacrylate or fibrine glue, have been
used in emergency rooms (22–25). The advantage is that the
closure procedure can be performed in less time and with
less pain as compared to suturing. There are some reports
comparing tissue adhesive and sutures in pediatric facial lac-
erations (23, 26, 27). The results showed comparable esthetic
results between tissue adhesives and suturing. However it
should be borne in mind that lip lacerations were excluded
from these studies. There may also be problems associated
with this location, such as the child licking or biting off the
glue. Moreover, a statistically significant increase in wound
dehiscence has been found with tissue adhesives (28).
Further studies are needed to learn more about the indica-
tions for tissue adhesives in lip injuries before they are gen-
erally applied (29, 30).

A general principle in wound treatment is the approxi-
mation of wound edges in order to reduce the distance for
the wound healing module and thereby increase the speed
of healing. This principle has, unfortunately, not been sup-
ported by animal experiments in which sutures were used to
approximate wound edges (27, 30–35). The explanation for
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Fig. 21.22 Treatment of narrow
penetrating lip lesion
This 27-year-old man fell, causing the
right central incisor to penetrate the
lower lip and fracture. A radiograph
shows that multiple tooth fragments
are buried in the lip.

Removing foreign bodies from
the lip
After administration of local anesthe-
sia the narrow penetrating wound is
opened using a pincette. When the
pincette is open, a rectangular wound
is formed whereby two sides of the
wound become clearly visible. Foreign
bodies are removed and the wound
cleansed with saline.

Repeating the cleansing
procedure
The pincette is turned 90° and the pro-
cedure is repeated.

Suturing the wound
The wound is sutured with interrupted
6.0 silk sutures. A radiograph shows
that all fragments have been removed.
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Fig. 21.23 Treatment of a broad
penetrating lip lesion
Penetrating lesion of the upper lip in a
66-year-old woman due to a fall. Clin-
ical appearance 4 hours after injury.

Dental injuries
The crown of the left central and lateral
incisors and canine have been frac-
tured while the lateral incisor and
canine have been intruded. Soft tissue
radiographs demonstrate multiple
foreign bodies in the upper lip.

Wound cleansing
The cutaneous and mucosal aspects of
the wounds are cleansed with a surgi-
cal detergent followed by saline.

Removal of foreign bodies
All radiographically demonstrated
tooth fragments are located and
removed.
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Wound debridement
Traumatized salivary glands are excised
in order to promote rapid healing.

Wound closure
The oral wound is closed with inter-
rupted 4.0 silk sutures.

Repeated cleansing of the cuta-
neous wound
The cutaneous aspect of the wound is
cleansed with saline to minimize con-
tamination from closure of the
mucosal wound.

Buried sutures
As a matter of principle, buried sutures
should be kept to a minimum number;
and, when indicated, be resorbed over
a short period of time (e.g. Vicryl®

sutures). The point of entry of the
needle should be remote from the oral
and cutaneous wound surfaces in
order to place the knot (i.e. the most
infection-prone part of the suture) far
from the wound edges; that is, at
approximately one-half the total thick-
ness of the lip.



Soft Tissue Injuries 591

Assessing cutaneous wound
closure
After closing the muscular tissue, the
cutaneous part of the wound is evalu-
ated. It is important that after muscu-
lar approximation, the wound edges
can be approximated without tension.
If this is not possible, approximation of
the muscular part of the wound must
be revised.

Suturing the cutaneous wound
Wound closure is principally begun at
the vermilion border. In cases where
the wound is parallel to the vermilion
border, the first suture is placed at a
site where irregularities of the wound
edge ensure an anatomically correct
closure. The wound is closed with fine,
monofilament interrupted sutures
(Prolene® 6.0), under magnification
(i.e. using spectacles with a 2 or 4 ×
magnification).

Suturing completed
The wound is now fully closed and
antibiotics administered (i.e. penicillin,
× 4, for 2 days in doses according to
weight).

Healing 6 weeks after injury
There is a minimum of scarring.
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these findings could be that, as well as approximating the
wound edges, suturing also induces ischemia of wound
edges and acts as a wick, leading bacteria into the wound.
Thus, the placement of just a single suture, however, signif-
icantly decreases the number of bacteria needed to cause
wound infection (32) (see Chapter 1).

The tissue response to various types of sutures in the oral
mucosa has been studied extensively in animals (36–42) and
in humans (43, 44), and a vigorous inflammatory reaction
around the sutures could be demonstrated. The general
findings in these experimental studies have been that silk
and catgut sutures (plain or chromic) elicited a very intense
clinical and histological inflammatory reaction after 3, 5 and
7 days; whereas polyglycolic acid showed considerably less
clinical and histological reaction (42).

The greatest part of the inflammatory reaction is proba-
bly related to the presence of bacteria within the interstices
of multifilament suture materials (34, 37–40). Thus the
impregnation of multifilament sutures with antibiotics has
been shown to decrease the resultant tissue response (40). A
further finding has been that monofilament sutures (e.g.
nylon) display a significant reduction of adverse reactions
compared to multifilament sutures, a finding possibly
related to a reduced wick effect of monofilament sutures
(41–45).

Monofilament suture material has been developed from a
very inert and tissue compatible biomaterial made of poly-
tetrafluoroethylene (PTFE). A comparison between the
tissue response in oral mucosa between this material and silk
sutures shows definitively less tissue response in the former
(46).

Finally, it should be borne in mind that it has been shown
experimentally that there is an increased risk of infection
with both increased suture diameter and submucosal/
subcutaneous suture length (9).

The essential lesson of all these experiments in suturing
and subsequent wound healing is therefore that suturing is
still the best overall method to use intra- and extraorally,
using a minimal number of sutures with a small diameter,
preferably monofilament and, finally, instituting early suture
removal (i.e. after 3–4 days in oral tissues), eventually in two
stages, i.e. 3 and 6 days.

The choice of sutures varies with the surgeon. There is an
ongoing development to use synthetic absorbable sutures in
the mucosa such as polyglycolic acid (Dexon®) polyglactic
acid (Vicryl®) or polydioxanone (PDS®). Although
absorbable sutures can also be used for skin closure, many
surgeons prefer non-absorbable sutures such as nylon (Der-
malon®, Ethilon®), polypropylene (Prolene®) or poly-
butester (Novofil®) for skin closure. Tape/strips may be used
for skin closure in addition to sutures to relieve tension or
used as an alternative to sutures for closing shallow, small
wounds. The use of tissue adhesives/glue in the perioral
region is not yet sufficiently evidence based.

Antibiotic prophylaxis

It is surprising that the benefit of antibiotic therapy in oral
soft tissue injuries has only been sparsely documented. Due
to their pathogenesis, almost all of these injuries can be con-
sidered contaminated with microorganisms and sometimes
with foreign bodies. Based on this assumption, it has been
proposed that the surgical treatment of mucosal and cuta-
neous wounds should always be supported by prophylactic
antibiotic coverage (47). However, clinical evidence for the

Fig. 21.24 Intracutaneous suture of an infraorbital soft tissue wound.
Note the excellent adaptation of tissue without stitch marks 5 days after
suturing.

Fig. 21.25 Laceration of the lower lip. This laceration was closed by intracutaneous suturing. To relieve tension two supplementary separate sutures
were placed at the angles of the Z shaped laceration. To cover the sutured wound and to further relieve tension a tape was finally placed.
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Fig. 21.26 Treatment of a pene-
trating tongue lesion
This 10 year-old girl suffered a pene-
trating tongue lesion. Note the paral-
lel lacerations on the dorsal and
ventral surfaces of the tongue.

Radiographic examination
A dental film is placed under the
extended tongue and exposed at 1/4

the normal exposure time. The expo-
sure demonstrated several tooth frag-
ments embedded within the tongue.

Removal of tooth fragments
After administration of regional anes-
thestic, all tooth fragments were
retrieved. It is important that all radio-
graphically demonstrated fragments
are also retrieved in order to prevent
infection and/or scar formation.

Suturing the tongue wound
After all foreign bodies have been
removed, the wound is cleansed and
sutured on the dorsal and ventral 
surfaces.
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benefit of this treatment is presently tenuous (48–52) (Table
21.1). Thus, no effect of antibiotic therapy could be shown
on the rate of infection in cutaneous and/or mucosal
wounds. In penetrating wounds to the oral cavity, conflict-
ing results have been reported (48, 49) (Table 21.2).

Based on these findings it seems reasonable – until further
studies are presented – to restrict the prophylactic use of
antibiotics in soft tissue wounds to the following situations:

• When the wound is heavily contaminated and wound
debridement is not optimal (e.g. impacted foreign bodies
or otherwise compromised wound cleansing).

• When wound debridement has been delayed (i.e. more
than 24 hours) (41).

• Penetrating lesions through the full substance of the 
lip (5).

• When open reduction of jaw fractures is part of the treat-
ment. In these situations, the benefit of short-term antibi-
otic coverage preceding and following osteosynthesis has
been documented (47, 53–55) (see also Chapter 18). This
relationship is in contrast to the lack of effect of antibiotic
treatment in relation to ‘clean’ orthognathic surgery
(56–59).

• When the general defense system of the patient is com-
promised (e.g. insulin dependent diabetes, alcohol abuse,
immunocompromised patients, patients with prosthetic
cardiac valves, cardiac surgical reconstructions, valvar dys-
function or malformations, or history of endocarditis (5).

• Human or animal bite wounds (60–62).

If prophylactic antibiotic coverage is decided upon, early
institution is very important. Thus, experimental studies
have shown that the first 3 hours after trauma are critical;
i.e. to obtain an optimal effect from the antibiotics, they
should be administered within this period (see Chapter 1).

If delayed, contaminating bacteria may multiply and invade
the wound (12–14). Antibiotics should therefore be admin-
istered before surgery and maintained for 24 hours (63).
Prolonged administration does not optimize healing
(64–66), and has a serious effect upon the ecology of the oral
microflora. The antibiotic of first choice is penicillin (phe-
noxymethyl penicillin). The dosage (adults) should be: 2
million units (= 1.2 g) orally at once followed by 2 million
units (1.2 g) 3 times for 1 day. For children the dosage is
given in relation to body weight. If the patient is allergic to
penicillin, clindamycin should be administered. The dosage
(adults) should be: 600 mg orally at once followed by 300 mg
3 times for 1 day. In children the dosage is 15 mg/kg body
weight given 3 times for 1 day.

Tetanus prophylaxis

Tetanus prophylaxis should always be considered in the case
of contaminated wounds. In a previously immunized
patient (i.e. longer than 10 years previous to injury), a dose
of 0.5 ml tetanus toxoid should be given (booster injection).
In unimmunized patients, passive immunization should be
provided.

Essentials

Type of soft tissue lesion

• Abrasion
• Laceration
• Contusion (including hematoma)
• Tissue loss (avulsion)

Table 21.1 Effect of systematic antibiotic treatment subsequent to various combinations of cutaneous and oral mucosal wounds. After GOLDBERG (48)
1965.

Type of lesion Antibiotic treatment No. of cases Frequency of infection Probability level*

Mucosal wounds − 32 4 (13%) 0.66
+ 17 2 (12%)

Mucosal and penetrating wounds − 33 11 (33%) 0.16
(penetrating lesions) + 24 4 (17%)

* Probability level based on Fisher’s exact test.

Table 21.2 Effect of systemic antibiotic treatment subsequent to various combinations of facial cutaneous and oral mucosal wounds. After PATERSON
et al. (49) 1970.

Type of lesion Antibiotic treatment No. of cases Frequency of infection Probability level*

Mucosal wounds − 23 0 (0%) 1.0
+ 12 0 (0%)

Cutaneous wounds − 85 2 (2%) 0.06
+ 51 6 (12%)

Mucosal and cutaneous wounds − 21 0 (0%) 1.0
+ 23 0 (0%)

Mucosal and penetrating wounds − 24 3 (13%) 0.08
(penetrating lesions) + 48 15 (31%)

* Probability level based on Fisher’s exact test.
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General treatment principles

• Contusions need not be treated but may indicate an
underlying bone fracture.

• Abrasions and lacerations should be thoroughly cleansed
and all foreign bodies removed.

• Larger avulsion injuries should be treated by specialists.

Gingival lacerations (Figs 21.11–21.14)

• Rinse the wound and surroundings with a wound 
detergent.

• Reposition displaced gingiva.
• Place a few fine sutures (4.0 or 5.0 Vicryl®, Dexon® or

PDS®).
• Instruct in good oral hygiene including daily mouth rinse

with 0.1% chlorhexidine.
• Remove sutures after 4–5 days.

Lip lacerations

Establish whether the injury is a penetrating wound of the
lip or a laceration of the vermilion border (split-lip lesion).

Penetrating lip wounds (Figs 21.22 and 21.23)

• Administer antibiotics if indicated (see Antibiotic pro-
phylaxis).

• Take a radiograph of the lip with decreased exposure time.
• Use regional anesthesia.
• Rinse the wound and surroundings with a wound deter-

gent.
• Remove foreign bodies and contused muscle and salivary

gland tissue.
• Suture the labial mucosa (4.0 or 5.0 Vicryl®, Dexon®,

PDS®).
• Rinse the wound again with saline.
• Suture the cutaneous wound with fine sutures (6.0 nylon

or Prolene®). Take special consideration of the vermilion
border.

• Remove sutures after 4–5 days.

Split lip wounds (Fig. 21.19)

Use the same procedure as for penetrating lip lesions.
However, in this case a few buried resorbable sutures are
indicated (e.g. Dexon® 4.0/5.0).

Tongue lacerations

Examine whether the injury is a penetrating wound or a
lesion of the lateral border.

Penetrating tongue wounds (Fig. 21.26)

• Administer antibiotics if indicated (see Antibiotic 
prophylaxis).

• Take a radiograph of the tongue with decreased exposure
time.

• Use a regional or general anesthesia.

• Rinse the wound with saline.
• Remove foreign bodies.
• Rinse the wound again with saline.
• Suture the mucosal wounds.
• Remove sutures after 4–5 days.

Lateral tongue border wounds

After administration of a regional anesthetic the wound is
rinsed and sutured. Buried resorbable sutures are sometimes
indicated in order to approximate the wound edges and
relieve tension on the mucosal sutures.
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The majority of accidents affect children and adolescents,
often when root development of the injured teeth is not
completed. In the following, the treatment of young perma-
nent teeth with the use of calcium hydroxide will be
addressed and an attempt made to give a clinically oriented
description. Within the last decade a new endodontic mate-
rial, mineral trioxide aggregate (MTA), has been introduced
for the treatment of injured teeth. The properties and clin-
ical use of this material are presented in Chapter 23.

Crown fractures with dentin exposure

Healing and pathology

Crown fractures involving dentin result in exposure of
dentinal tubules to the oral environment. Exposure of
dentin, as such, causes only insignificant changes in the pulp
which may resolve and the exposed dentinal tubules be
sealed off by formation of secondary dentin (1). However, if
deeply exposed dentin is left unprotected, bacteria and their
components in dental plaque on the fracture surface may
penetrate the tubules and cause inflammation in the under-
lying pulp (2–5) (Figs 22.1 and 22.2). Judging from experi-
mental studies, the subsequent reparative or degenerative
changes depend on the time that has elapsed since injury
and the distance between the fracture surface and pulp. In
young permanent teeth, wide dentinal tubules may be an
additional factor (Fig. 22.3). If irritation is eliminated by
treatment of the exposed dentin, localized inflammation in
the pulp may resolve, with damaged tissue being replaced by
reparative dentin (6, 134, 135).

When deeply exposed dentin is left unprotected over a
longer period of time, the pulp may in some cases become
necrotic and the crown discolored. However, a more fre-

quent cause of pulp necrosis in crown-fractured teeth is
probably impaired blood circulation in the pulp due to a
concomitant luxation injury (see Chapter 10).

Treatment

A crown fracture is usually an isolated injury and the crown
can be restored at the first visit, normally with a resin com-
posite material and dental bonding techniques. Treatment
procedures are described in detail in Chapter 25.

Modern dentin bonding systems have been reported to
increase the bonding strength of composite restorations,
reduce microleakage, decrease permeability of dentin and
possess an antibacterial effect (136–139, 141–150, 289, 290).
The occasional occurrence of pulp inflammation has been
explained by various factors, but poor bonding, which
permits microleakage and penetration of bacteria into the
pulp seems to be the most common. It has, therefore, been
recommended that in the case of deep carious lesions, the
pulp should be protected, e.g. by the lining of the deepest
part of the cavity before a dentin bonding agent is placed
over the rest of the dentin. This strategy should also be valid
for crown-fractured teeth with deeply exposed dentin (145,
150). The value of lining with calcium hydroxide prepara-
tions beneath permanent restorations has been questioned
(291). However, in cases where the color of the pulp can be
seen through a very thin dentin layer or when a deep frac-
ture is left untreated over a couple of days, it may be advis-
able that the dentin be initially treated with calcium
hydroxide and the crown temporarily restored for about 2–3
weeks (Fig. 22.4). In such teeth, treatment with calcium
hydroxide may remove bacteria from the fracture surface
and give an eventually inflamed pulp a chance to recover and
seal off the exposed dentinal tubules by deposition of
reparative dentin (7, 151, 152). Moreover, calcium hydrox-
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A B

Fig. 22.1 Surface of fractured dentin.
A. There are 36 000 exposed tubules
per mm2. ×1200. From GARBEROGLIO
& BRÄNNSTRÖM (2) 1976. B. Invasion
of bacteria into the tubules of acid-
etched dentin, after exposure for 1
week. ×400. From OLGART et al. (3)
1974.

A B C

Fig. 22.2 Early changes in the pulp of a primary incisor 3 days after an uncomplicated crown fracture. A. Low power view. ×3. B. Displacement of odon-
toblasts and slight infiltration of leukocytes corresponding to the fracture surface. ×30. C. Bacterial accumulation along the fracture surface. ×75.

A B C

Fig. 22.3 Late pulpal changes in an untreated uncomplicated fracture. A primary incisor 4 months after injury. A. Necrosis of the pulp tissue subjacent
to the fracture surface. ×32. B. Formation of reparative dentin at a distance from the fracture surface. ×60. C. Penetration of bacteria through the dentin,
from fracture surface towards the pulp, Brown & Brenn bacterial stain. ×200.



600 Chapter 22

ide significantly decreases the permeability of dentin to pen-
etration by bacterial components into the pulp, which may
provide additional pulp protection under a subsequent
restoration (7, 151, 152).

If, for some reason, crown restoration cannot be per-
formed immediately, e.g. due to incorporation in a splint,
the pulpo-dentinal complex should be protected. Before the
splint is adapted, the exposed dentin may be covered with
hard-setting calcium hydroxide compound or glass ionomer
cement (see Chapter 10, p. 288).

Prognosis

Restoration of a fractured crown with resin composites and
dental bonding techniques can be regarded as an effective
tooth repair. However, it should be noted that bacterial
leakage has been demonstrated in the gaps between com-
posites and dentinal walls in experimental cervical cavities
(152, 153). But most uncomplicated fractures do not involve
the cervical area; and, according to clinical studies, the risk
of later pulpal damage seems to be minimal (154, 155, 220)
(see Chapter 10, p. 301).

Crown fractures with pulp exposure

Healing and pathology

A crown fracture through the pulp chamber causes lacera-
tion and exposure of the pulp to the oral environment.
Healing does not occur spontaneously and untreated expo-
sures ultimately lead to pulp necrosis, a process in which
bacteria are the dominant factor (8). The early changes in
the pulp are hemorrhage and local inflammation, caused by
breakdown products from lacerated tissue and bacterial
toxins (9, 10). The fibrin clot that forms over the wound
surface resolves after a couple of days. The subsequent
changes can either be proliferative, such as a pulp polyp, or
destructive, such as abscess formation or pulp necrosis.

During the first days after injury, a fresh wound or pro-
liferative changes, i.e. formation of granulation tissue at the
exposure site, seem to be most common (Fig. 22.5). In
studies of patients aged 7 to 16 years, seen 12 hours or more

after injury, hyperplasia was a typical pulpal reaction seen in
crown-fractured incisors, regardless of the extent of the
exposure (11, 156). Similar observations have been made in
multi-rooted human teeth when the pulp was exposed by
removal of the crown and left untreated for 2 weeks (12).
These findings have also been supported by experimental
studies in which pulps of monkey incisors were exposed by
either crown fracture or grinding. In these experiments,
pulpal changes were characterized by a proliferative
response, invariably associated with only superficial inflam-
mation, extending not more than 2 mm from the exposure
site (13, 14) (Fig. 22.5).

A proliferative response of the pulp is probably favored
by an exposure which permits salivary rinsing and prevents
impaction of contaminated debris, as occurs in caries or
experimentally induced cavities (13, 157).

Necrosis of an exposed pulp is a rare occurrence. A
common etiological factor seems to be plaque and contam-
inated debris that are permitted to accumulate over the
exposure, which may allow bacteria to settle into injured or
necrotized pulp tissue (Fig. 22.6). Thus, in monkey incisors
in which the coronal cavities were left open for 7 days after
pulpotomy, impaction of contaminated food debris caused
deep abscesses in the underlying pulp (13).

Treatment

The aim of treatment should be the preservation of a vital,
non-inflamed pulp, biologically walled off by a continuous
hard tissue barrier. In most cases, this can be achieved by
pulp capping or pulpotomy (293). When these treatment
alternatives are not possible, the pulp must be extirpated and
the root canal filled with an adequate root filling material.
Indications for these forms of treatment are discussed later
in connection with endodontic procedures. Some factors,
however, such as maturity of the tooth, concomitant luxa-
tion injury, age of the patient as well as the effect of surgi-
cal procedures and choice of wound dressing, must also be
considered.

The maturity of the tooth is of utmost importance in the
choice of treatment. It is generally agreed that the exposed
vital pulp should be maintained in young teeth with incom-
plete root formation; while it can be removed in mature

A B

Fig. 22.4 Treatment of exposed
dentin and affected pulp. A. Appear-
ance of fracture after the crown-root
fragment has been removed and the
surface cleansed 3 days after injury. A
hyperemic pulp can be seen through
the thin dentin, probably due to irrita-
tion from plaque between the frag-
ments. B. Four weeks after treatment
with calcium hydroxide; the red discol-
oration has disappeared.
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Fig. 22.5 Clinical appearance of
pulp exposures at various obser-
vation periods
Four hours after injury hemorrhage is
the predominant finding. After 2 days
(right), granulation tissue is formed at
the exposure site.

Clinical appearance
One week after injury (left): hyperpla-
sia of the pulp. Three months after
injury (right): a polyp has been formed
and is covered with plaque.

Histologic appearance
Pulp reactions to experimental expo-
sure in monkey incisors. After 2 days
(left), the exposed surface is covered
with fibrin, under which a limited pulp
proliferation can be seen with moder-
ate infiltration of inflammatory cells to
a depth of 1.4mm. ×90. After 1 week
(right), there is proliferation of the pulp
through the exposure and moderate
inflammation in the proliferated tissue
and a mild infiltration of inflammatory
cells in the pulp to a depth of 0.4mm.
×32. From CVEK et al. (13) 1982.

A B

Fig. 22.6 Necrosis of the pulp at the
exposure site. A. Necrosis of the pulp
tissue in a tooth in which the exposure
was only covered with a surgical
packing for 2 weeks. B. Necrosis of the
pulp at the exposure site 4 weeks after
injury. The tooth was initially restored
with a temporary crown, seated with
temporary cement which was lost after
3 weeks.
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teeth where constriction of the apical foramen allows ade-
quate obturation of the root canal. However, maturation of
a tooth is not complete with constriction of the apical
foramen. Removal of the pulp in children and adolescents
deprives the tooth of physiologic dentin apposition which,
together with mechanical cleansing, leaves thin dentinal
walls, which may increase the risk of later cervical root frac-
tures, a problem that should be considered in treatment
planning (15, 16, 221) (Fig. 22.7).

A concomitant luxation injury compromises the nutri-
tional supply to the pulp and, in principle, contraindicates
conservative treatment. However, in luxated immature teeth
the chance of pulp survival is considerable and conservative
treatment may allow further root development (17, 18) (Fig.
22.8). Treatment should therefore be determined consider-
ing severity of the periodontal injury and maturity of the
tooth.

The effect of age is controversial. Experimentally, an infe-
rior response to injury and treatment has been observed in
pulps of old rats compared to young ones (9, 10). Yet, suc-
cessful treatment of pulp exposure due to either trauma or
caries in older patients has repeatedly been reported 
(19, 22). For various reasons, degenerative changes in the
pulp undoubtedly increase with age. Thus, removal of the
pulp could be a more successful procedure, although no age
limit can be set for either pulp preservation or removal.
However, conservative treatment, i.e. capping or pulpotomy,
should not be performed if degenerative or inflammatory
changes are anticipated, e.g. in teeth with reduced pulpal
lumen due to trauma or age, or in periodontally involved
teeth in adults (23–26).

Surgical pulp procedures invariably cause further injury
to the remaining pulp and should be kept to a minimum.
Various instruments have been recommended for pulpal

2 mo 2 mo 8 mo 1 yr 7 yr

Fig. 22.7 Spontaneous root fracture due to thin dentinal walls after pulp necrosis at an early stage of root development and over ambitious reaming.
Permanent incisor treated with calcium hydroxide and root filled with gutta-percha. Cervical fracture of the thin dentinal walls (arrow) occurred during
chewing 6 years later.

0 d 0 d 4 mo 18 mo

Fig. 22.8 Treatment of pulp exposure in a slightly dislocated immature incisor. Formation of a hard tissue barrier in the pulp, continued root develop-
ment and diminishing of the pulp subsequent to partial pulpotomy.
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amputation, such as spoon excavators, slowly rotating round
burs and high-speed abrasive diamonds. Of these, the spoon
excavator, successfully used in molars, has proven unsuitable
in young incisors (27). Slowly rotating instruments are
known to inflict significant injury to the remaining pulp,
limiting the chance of survival (28–30). However, it has been
shown that injury to the underlying tissue is minimal when
abrasive diamond is used at high speed to remove part of
the pulp, provided that the bur and tissues are adequately
cooled (31) (Fig. 22.9). If effective cooling is not possible,
e.g. when the amputation site is deep in the root canal, a
round bur at low speed should be used in order to avoid
overheating the pulp.

The commonly used wound dressing is calcium hydrox-
ide. This material has been widely used for the treatment of
accidentally exposed pulps since the first histological studies
appeared decades ago (32, 33, 158). Calcium hydroxide has
been the subject of extensive experimental research and
several explanations have been offered for its effect on the
vital pulp (159). When placed over the vital pulp, pure
calcium hydroxide causes a superficial tissue necrosis,
approximately 1–1.5 mm in depth (34). This necrosis con-
sists of several layers, including a layer of firm coagulation
necrosis in close contact with vital tissue, which seems not
to be appreciably affected (35). Based on observations in
experiments with sound human teeth, it has been suggested

that it is neither calcium hydroxide nor its components, but
the low-grade irritation from coagulation necrosis that
induces defensive reactions in the pulp, resulting in forma-
tion of a demarcating hard-tissue barrier (35, 36, 160). The
underlying tissue seems to react to this irritation by pro-
ducing collagen that is subsequently mineralized, while the
coagulated tissue is calcified, which is later followed by dif-
ferentiation of dentin (Fig. 22.9). This hypothesis of a low-
grade irritation that is not strong enough to destroy the pulp
tissue but is sufficient to elicit defensive reactions was
strongly supported by findings of the formation of hard
tissue barriers after only 10 minutes’ treatment with calcium
hydroxide or capping with cyanoacrylate, a material pos-
sessing none of the calcium or hydroxyl ions that are
thought to be responsible for induction of hard tissue (160)
(Fig. 22.10).

Cyanoacrylate is degradable in a biological environment
and it is probable that some released substance(s) may exert
just enough irritation to elicit defensive reactions in the pulp
leading to formation of a hard tissue barrier (161). Similar
results have been reported in experiments with light-cured
composite, zinc phosphate and silicate cements (162, 195).
On the other hand, when a biologically inert material, such
as Teflon, has been brought into contact with pulpal tissue
no hard tissue formation could be found in relation to this
material (160, 163). Thus, the role of calcium hydroxide

Fig. 22.9 Effect of pulp amputa-
tion technique upon the pulp
The effect of cutting with an abrasive
diamond instrument in a high speed
contra-angle hand piece; no tissue
damage below the wound surface.
×25 and 100. From GRANATH &
HAGMAN (31) 1971.

Effect of calcium hydroxide on
the pulp
Left: Formation of liquefaction necrosis
(L) close to calcium hydroxide. Coagu-
lation necrosis (C) close to the vital
pulp is colored yellow. ×75. Right: for-
mation of hard tissue 17 days after
capping; layer of necrotic tissue (N) and
dark stained band of necrotic and later
calcified tissue (C) and osteoid-like
tissue (O) with lining cells. ×75. From
SCHRÖDER & GRANATH (35) 1971.

Formation of a hard tissue barrier
A completely formed hard tissue
barrier after capping with calcium
hydroxide paste (Calasept®). ×25.
Right: formation of hard tissue barrier
without visible intermediate layer of
necrosis after capping with hard-
setting calcium hydroxide compound
(Dycal®). ×25. From BRÄNNSTRÖM et
al. (39) 1979.
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appears to be limited to its chemical effect that is able to
elicit defensive processes in the pulp by exerting a low-grade
irritation, either through the induction of coagulation
necrosis or directly on the pulp tissue without a visible
necrosis when hard-setting compounds are used (37,
164–167) (Figs 22.9 and 22.10). Accordingly, formation of
the hard tissue barrier itself can be regarded as a defensive,
probably stereotypic, reaction of the pulp to a non-specific
low-grade irritant (168).

During the course of time, various materials have been
tested for pulpal dressing (161, 169). Indeed, in the absence
of bacteria, healing of the pulp with or without formation
of hard tissue was observed after capping with various mate-
rials, such as cyanoacrylate, zinc-phosphate, tricalcium
phosphate or silicate cements and various composite mate-
rials. The results, obtained mostly in experimental animals
such as monkeys, dogs and rats, were not always unanimous.
Comprehensive, long-term clinical studies would be desir-
able before recommending some drugs for routine clinical
use (162, 170–172, 293, 294).

Calcium hydroxide seems to be a suitable and well-tested
pulp dressing which repeatedly gives predictable results in
the form of a non-inflamed pulp under a well-formed hard-
tissue barrier. However, it should be stressed that calcium
hydroxide as such has no beneficial effect on healing of a
chronically inflamed pulp (38). In clinical terms, this means
that the compound should be placed against vital pulp tissue
with intact vascularity in teeth which respond to sensibility
testing. Internal dentin resorption and dystrophic calcifica-
tions, reported to occur after dressing of the pulp with
calcium hydroxide, seem to be related to the presence of an
extra-pulpal blood clot or to the damage caused by opera-
tive procedures (29, 39–44). Thus, when an extra-pulpal
blood clot was not allowed to form and a gentle amputation

technique was used for amputation, these changes were not
observed clinically or histologically (11, 36, 156, 173–175).

Pulp capping

Capping of the pulp is indicated when a small exposure can
be treated shortly after injury which, according to experi-
mental studies, seems to mean within 24 hours (167, 176,
177). Pulp capping implies that the pulpal wound caused by
the injury is covered with calcium hydroxide. It is thought
that, in small exposures treated soon after injury, the
mechanical damage and inflammation in the pulp cannot be
deeper than the necrotizing effect of calcium hydroxide.
Thus, the effect actually is exerted on healthy pulp tissue,
while bacteria on the dentin fracture and the wound surfaces
are eliminated by the action of calcium hydroxide. Accord-
ingly, the primary contamination of the pulp should not be
critical for healing. However, pulp healing may be threat-
ened by later contamination due to microleakage of defec-
tive restorations, since all calcium hydroxide compounds
gradually lose their antibacterial property. Furthermore, the
hard tissue barriers may include structural defects which
may increase their permeability and, in the case of ‘tunnel’
formation, due to vascular inclusions, offer a direct contact
with underlying pulp tissue (160, 162, 178–183) (Fig. 22.10).

Treatment procedure

The fracture surface and pulpal wound are washed with
saline. When bleeding has ceased, the exposed pulp is
covered with a soft- or a hard-setting calcium hydroxide
compound. If the pulp is covered with a soft calcium
hydroxide compound, the exposed dentin should be pro-
tected with glass ionomer cement or a hard-setting calcium

A B

Fig. 22.10 Response of monkey
incisor to capping with cyanoacrylate
or 10 minutes dressing with calcium
hydroxide. A. Formation of hard tissue
barrier 3 months after the pulp was
treated with calcium hydroxide for 10
minutes, then washed away, and the
pulpal wound covered with several
sterile Teflon discs sealed in place with
IRM®. ×50. B. Formation of hard tissue
barrier 3 months after the pulp was
covered with cyanoacrylate. ×40. Note
that hard tissue barriers are not con-
tinuous and include vascular tunnels
(arrow). From CVEK et al. (160) 1987.
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hydroxide liner before the crown is restored (Fig. 22.11). If
the definitive restoration of the crown must be postponed,
a temporary crown restoration should be placed with a
material that does not allow microleakage, e.g. zinc oxide-
eugenol or polycarboxylate cement (184, 185).

Pulpotomy

Pulpotomy involves removal of damaged and inflamed
tissue to the level of a clinically healthy pulp, followed by a
calcium hydroxide dressing. Depending on the size of the
exposure and time elapsed since injury, different levels of
pulpal amputation have been recommended, i.e. partial or
deep pulpotomy (11, 45). It has been shown, however, that
neither exposure size nor time interval between injury and
treatment are critical for healing when only superficial layers
of the pulp are removed (11, 156, 173). Thus, in teeth
showing vital and/or hyperplasic pulp tissue at the exposure,
only superficial layers of the pulp and surrounding dentin
should be removed; i.e. a partial pulpotomy can be per-
formed in immature as well as mature teeth.

Treatment procedure

Pulpotomy should be performed with a diamond bur, of a
size corresponding to the exposure, in a high speed contra-
angle handpiece (Fig. 22.12). Effective cooling is essential.
To avoid injury to the pulp due to insufficient cooling, the
tooth and cutting instrument should be flushed continu-
ously with water or saline by means of a syringe or the
turbine spray. Furthermore cutting should be performed
intermittently for brief periods and without unnecessary
pressure.

The level of amputation should be about 2 mm below the
exposure site. This level is deep enough to remove inflamed
tissue and provide an adequate cavity for both the dressing
and the sealing material. The pulpal wound is then rinsed
with saline until bleeding has ceased. The wound surface is
covered with calcium hydroxide and adapted with cotton
pellets using light pressure, whereby the water from the paste
is also removed. The surplus of calcium hydroxide is then
easily removed with an excavator. The coronal cavity is
closed with a tight-sealing material, e.g. zinc oxide-eugenol
cement. However, as eugenol may interfere with polymer-
ization of composites, it should be covered with a liner or
glass ionomer cement before restoration with composites,
especially if the crown is restored immediately after pulpo-
tomy. Alternatively, the cavity can be sealed with Prader’s
zinc-sulphate cement (186). This material does not interfere
with polymerization, but possesses sealing properties equal
to those of zinc oxide-eugenol cement (184).

The advantage of partial pulpotomy lies in the minimal
injury to the pulp and undisturbed physiologic apposition
of dentin, especially in the critical cervical area of the tooth.
The limited loss of crown substance offers continued oppor-
tunity for sensitivity testing and, in most cases, a post in the
root canal will not be required for crown restoration. Com-
pared with pulp capping, this procedure implies better
wound control and, by sealing off the cavity with a material
which does not allow microleakage, provides effective pro-
tection for the pulp. Most probably, this is one of the reasons
for the high rate of healing reported after this type of treat-
ment (11, 156, 173, 294, 295) (Figs 22.13 and 22.14). The
frequency of failures is low and, judged from clinical obser-
vations, depends on factors, such as misjudged pulp diag-
nosis, overheating pulp at the time of treatment and poor
restoration of the crown, which allows microleakage and

A

C

B

D

Fig. 22.11 Treatment of a com-
plicated crown fracture with pulp
capping. A. Fractured incisor with a
small pulp exposure 4 hours after
injury. Note the good vascularity of
the exposed pulp. B and C. After
isolation with a rubber dam, the
exposed pulp is covered with a soft
calcium hydroxide compound
(Calasept®) which together with
the remaining dentin is covered
with hard-setting calcium hydrox-
ide cement. D.The tooth is restored
with a composite.
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Fig. 22.12 Treatment of a compli-
cated crown fracture with partial
pulpotomy
A complicated crown fracture of an
immature incisor 2 days after injury.

Clinical condition
After the crown fragments were
removed a large pulp exposure is
found.

Isolation with a rubber dam
After administration of a local anes-
thesia, the tooth is isolated with a
rubber dam and washed with saline. A
diamond bur is chosen for the 
pulpotomy.

Pulpotomy
The pulpotomy is carried out to a depth
of 1.5–2.0mm. The cutting of the pulp
and surrounding dentin is performed
using a high-speed turbine. This is
done intermittently, with brief cutting
periods and continuous gushing with
the water spray from the turbine, even-
tually supplemented with extra saline
from a syringe.
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Cavity preparation
The cavity should be boxlike, with a
slight undercut in dentin.

Applying the dressing material
Hemostasis is awaited, and usually
takes place within a couple of minutes.
Otherwise a slight pressure can be
applied with a cotton pellet soaked in
saline or an anaesthetic solution with
vasoconstrictor. After complete arrest
of bleeding, calcium hydroxide paste
(e.g. Calasept©) is placed over the
pulpal wound.

Compressing the dressing mate-
rial
The material is compressed slightly
with a dry cotton pellet to adapt the
material to the wound surface. After
surplus dressing material is removed,
the amputation cavity is sealed with
zinc-eugenol cement. In cases where
the tooth is immediately restored, the
cavity is sealed with a hard-setting
calcium hydroxide compound, or zinc
phosphate cement can be used.

Restoration
The tooth has been restored during the
same sitting with composite resin and
a dentin bonding agent.
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penetration of the bacteria into the pulp (Fig. 22.15). It has
been suggested that, after capping of pulp exposures close to
the cervical area of anterior teeth, formation of hard tissue
may compromise the blood supply to the coronal part of the
pulp tissue, causing its degeneration (23). However, this
phenomenon appears to be rare (187). Thus, in a compre-
hensive clinical study, no adverse effects could be observed
after partial pulpotomy treatment of proximal exposures in
crown-root fractured teeth (156) (Fig. 22.16).

When necrotic tissue or obviously impaired vascularity is
present at the exposure site of immature teeth, the pulp
should be amputated to a level at which fresh bleeding tissue
is found, i.e. a cervical or deep pulpotomy should be per-
formed (Fig. 22.17). Due to problems with adequate cooling
of the diamond at high speed at that level, a round carbide
bur at low speed should be used. In mature teeth, a pulpec-
tomy is the treatment of choice.

Pulpectomy

Pulpectomy, i.e. removal of the entire pulp to the level of 1–2
mm from the apical foramen, is performed in mature teeth
when conservative pulp treatment is not indicated (46, 47).
After removal of the pulp, the root canal is cleansed chemo-
mechanically and obturated with gutta-percha points and a
suitable sealer. There are, however, instances when interim
dressing with calcium hydroxide is the treatment of choice,
i.e. when periapical healing and closure of the apical
foramen with hard tissue is desired before obturation, or
when adequate treatment is not possible due to the presence
of splints (48, 49). In the latter instance, it is difficult to adapt
a rubber dam and access to the root canal can be limited. In
such cases, calcium hydroxide can be used as an interim
dressing and treatment continued once the splint has been
removed.

0 d 3 wk 6 mo 6 mo 5 yr

Fig. 22.13 Radiographic demonstration of healing after partial pulpotomy in an incisor with immature root. The tooth was treated 3 hours after injury.
Note initial formation of hard tissue after 3 weeks (arrow) and completed barrier after 6 months. A control after 5 years shows healing and completed
root development.

0 d 0 d 6 mo 1 yr 7 yr

Fig. 22.14 Radiographic demonstration of healing after partial pulpotomy in an incisor with completed root formation. The tooth was treated 12 hours
after injury. Formation of a hard tissue barrier is present after 6 months and healing is evident 7 years after treatment.
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A
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B

D

F

Fig. 22.15 Penetration of bacte-
ria to the pulp via marginal
microleakage. A. The pulp exposed
by a crown-root fracture was
treated by partial pulpotomy in a
first mandibular permanent molar.
B. Three months later, a continuous
hard-tissue barrier was covered
with a hard-setting calcium
hydroxide compound and the
crown restored with amalgam. C.
Four months later, the tooth
showed no clinical or radiographic
symptoms but was extracted for
orthodontic reasons; note exten-
sion of amalgam restoration below
the marginal level. D. Histologic
sections show a well formed hard-
tissue barrier, covered with dark
stained lining compound and
below it, two small abscesses in
the pulp (arrows); the empty space
to the left is an artefact. ×10. E and
F. Stain for bacteria reveals dark-
bluish bacteria on dentinal walls
and in the gap between dentin and
the dressing compound as well as
in the hard tissue barrier. ×60.

1 d 3 mo 3 mo 5 yr 8 yr

Fig. 22.16 A crown-root fractured incisor with a proximal exposure of the pulp, treated 24 hours after injury with a partial pulpotomy. A loose frag-
ment was removed 3 months later (arrow). There is formation of a hard tissue barrier but no further constriction of the coronal pulp.
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Clinical evaluation of pulp healing

Only histological techniques can verify pulpal healing, i.e. a
non-inflamed pulp walled off by a continuous hard tissue
barrier. However, a fairly adequate evaluation can be made
according to the following criteria:

(1) No clinical symptoms
(2) No radiographically demonstrable intraradicular or

periradicular pathological changes
(3) Continued root development in immature teeth
(4) Radiographically observed (and eventually clinically

verified) continuous hard tissue barrier
(5) Positive sensitivity to electrical stimulation
(6) Follow-up for at least 3 years.

These criteria apply both to pulp capping and pulpotomy,
with the exception of sensitivity testing which usually is not
possible if the amputation site was placed in the root canal.
In the pulps of teeth treated with partial pulpotomy and
judged to be healed according to these criteria, no or only
insignificant pathologic changes were found in the histolog-
ically examined pulps (174, 175).

A hard tissue barrier that appears continuous in radi-
ographs may be discontinuous when examined histologi-
cally. On the other hand, it has been found that teeth which
demonstrate a clinically continuous barrier usually contain
non-inflamed pulps (30, 50, 174). Clinical exploration by
probing can therefore be used as a criterion when pulp
healing is evaluated, but is not compulsory (156). It is
important to consider that a continuous hard tissue barrier
and positive sensitivity do not exclude chronic pulpal
inflammation which may persist in an asymptomatic tooth
(Fig. 22.15). Thus, the follow-up period should be extended.
In a comprehensive long-term clinical study of permanent
incisors treated with partial pulpotomy, all failures occurred
within 26 months after treatment (156). The teeth that were
judged as healed at the 3-year control remained healed
10–15 years thereafter, indicating that a 3-year follow-up
should be considered adequate.

Pulp canal obliteration and pulp necrosis are rather fre-
quent long-term complications after a cervical or deep
pulpotomy. This procedure is therefore regarded as a tem-
porary treatment to be followed by pulpectomy once root
formation is complete (169). Furthermore, the treatment
may cause a loss of tooth substance in the cervical area 

0 d 6 d 3 mo 9 mo 5 yr

Fig. 22.17 Deep pulpotomy in an incisor with crown fracture and impaired pulpal vascularity. Vital and bleeding pulp tissue was found in the middle
of the root canal. Three and 9 months after a deep pulpotomy, formation of a hard-tissue barrier can be seen deep in the root canal. A 5-year control
of the subsequent root canal filling with gutta-percha shows completed root development.
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Root fractures

Healing and pathology

Pulp necrosis with subsequent periradicular involvement
occurs with a relatively low frequency, in about 25% of root-
fractured teeth (see Chapter 12). It is a characteristic of a
root fracture that only the coronal fragment is dislocated
and that pulpal circulation in the apical fragment is not
severely disturbed. Thus, when pulp necrosis does occur, it
normally takes place only in the coronal fragment, while in
the apical fragment the pulp remains vital (58, 59, 191–194,
298–302). However, if the coronal fragment is left untreated,
the bacteria from its necrotic pulp may spread and cause
inflammation and necrosis of the pulp in the apical frag-
ment as well.

Diagnosis of pulp necrosis

Clinical symptoms, such as changes in crown color and pulp
sensibility are interpreted in the same way as in other 
traumatically injured teeth. The first radiographic sign of
pulp necrosis is often a progressive widening of the space
between the two fragments, later followed by pathologic
changes in the adjacent periradicular bone, seen as a
widened and diffusely outlined periodontal space or radi-
olucency, usually present within 3 months after injury (192,
193) (Fig. 22.18). If the tooth is not splinted, these changes
can make the coronal fragment loose and tender to 
percussion.

Internal surface or tunneling resorption seem to be a part
of healing processes and normally do not require endodon-
tic intervention (193, 194) (see Chapter 12, p. 346). On the
other hand, external inflammatory root resorption indicates
necrotic and infected pulp tissue (60).

Table 22.1 Healing frequencies after treatment of the exposed pulp in
crown fractured teeth.

Examiner No of teeth Healing

Pulp capping
Kozlowska (51) 1960 53 38 (72%)
Ravn (52) 1982 84 74 (88%)
Fuks et al. (188) 1982 38 31 (81%)

Partial pulpotomy
Cvek (11) 1978 60 58 (96%)
Fuks et al. (173) 1987 63 59 (94%)
Cvek (156) 1993 178 169 (95%)

Cervical pulpotomy
Hallet & Porteous (53) 1963 93 67 (72%)
Gelbier & Winter (189) 1988 175 139 (79%)

0 d 0 d 3 wk 6 wk 12 wk

Fig. 22.18 Radiographic signs of pulp necrosis after root fracture. Note progressive widening of the space between fragments, appearance of radio-
lucency in the adjacent alveolar bone.

to such an extent that a full crown restoration with 
anchorage in the root canal is often required to prevent a
root fracture.

Prognosis

The frequency of healing after pulp capping, partial or cer-
vical pulpotomy treatments varies from 72–96% (11, 50–53,
156, 157, 173, 188–190, 295, 296). Results in more compre-
hensive clinical studies are shown in Table 22.1. The
reported frequency of success after pulpectomy and filling
of the root canal with various materials varies from 80–96%
(54–57, 191).
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Treatment procedure

Endodontic treatment in teeth with a fracture involving the
cervical part of the root has been shown to be of a poor value
(301). When coronal fragment in a mature tooth should, for
some reason, be removed and the length of the apical frag-
ment is judged to be able to support a prosthetic crown, the
root canal can be filled with gutta-percha and the fragment
extruded orthodontically into the desired position (see
Chapter 24, p. 687).

Conservative endodontic treatment of teeth with fracture
in the middle or apical part of the root can be divided into
treatment of the coronal fragment alone or both fragments
(61–64, 302). If these treatments are unsuccessful, surgical
removal of the apical fragment can be indicated.

The choice of treatment depends on radiographic find-
ings, such as periradicular changes, width of the pulp lumen
and separation between the two fragments, as well as on the

clinical finding of pulp vitality in the apical fragment at the
time of treatment (i.e., pulp canal obliteration). The loca-
tion of the fracture in the middle or apical part of the root
does not affect the choice of treatment.

Root canal treatment of the coronal fragment alone is
indicated for teeth which do not show pathologic changes
periapically and in which bleeding and/or sensitivity to
probing at the fracture site indicate a vital pulp in the apical
fragment. This is the case in the majority of root fractured
teeth with pulpal complications. The coronal fragment may
be filled with gutta-percha immediately after chemo-
mechanical cleaning if the anatomy of the root canal permits
adequate obturation (Fig. 22.19). This is especially true for
teeth with fracture in the apical part of the root, where the
root canal is usually narrow. When the root canal is wide, as
in very young teeth or in fractures in the middle of the root,
it can be difficult to achieve satisfactory cleansing and ade-
quate obturation with gutta-percha (Fig. 22.20). The coronal

0 d 0 d 6 mo 8 mo 4 yr

Fig. 22.19 Endodontic treatment of the coronal fragment of a root fractured incisor with gutta-percha. Condition is shown before and after reposi-
tioning of the coronal fragment at the time of injury. After 6 weeks, a slightly widened space between the fragments and radiolucency in the adjacent
alveolar bone indicate pulp necrosis in the coronal fragment. The tapered root canal in the fragment permitted an adequate filling with gutta-percha.

0 d 4 mo 4 mo 6 mo 4 yr

Fig. 22.20 Difficulties in root canal obturation of the coronal fragment after root fracture. After 4 months there is a widening of the space between
the fragments and a radiolucency adjacent to the fracture. After antibacterial treatment, the coronal root canal was obturated and gutta-percha became
extruded into the fracture site. After six months the space between the fragments as well as the adjacent radiolucency have increased whereafter the
apical fragment was removed. At the 4-year control, periapical healing is evident.
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fragment can instead be treated initially with calcium
hydroxide and filled with gutta-percha after a hard tissue
barrier has formed apically in the coronal fragment and
periradicular healing has taken place (Fig. 22.21). Clinical
procedures and the effect of calcium hydroxide are discussed
later in connection with treatment of non-vital immature
teeth.

Root canal treatment of both fragments can be performed
when the entire pulp is necrotic. The treatment is compli-
cated, as it is difficult to avoid impacting necrotic tissue and
filling debris between the fragments during mechanical
cleansing as well as overfilling with gutta-percha (Fig.
22.22). This could explain the poor prognosis of this type of
treatment. However, once the root fracture has healed,
leaving no empty space between the fragments, this type of

treatment may have a better prognosis, in the case of a late
secondary pulp necrosis (Fig. 22.23).

Root canal treatment of the coronal fragment and surgi-
cal removal of the apical fragment is indicated in teeth in
which the apical fragment with necrotic pulp is not accessi-
ble for treatment or when prognosis is poor due to a wide
space between the two fragments (Figs 22.22 and 22.24), as
well as in teeth in which either of the first two treatments
has not been successful (Figs 22.20 and 22.22).

In the case of a concomitant crown fracture, the exposed
dentin is covered with hard-setting calcium hydroxide or
glass ionomer cement, followed by a layer of composite
material. The final restoration of the crown is performed
after splint removal, i.e. periodontal healing has taken 
place.

4 wk 18 mo 18 mo 4 yr6 mo

Fig. 22.21 Treatment of the coronal fragment of a root fractured incisor with a wide pulpal lumen 4 weeks after injury with calcium hydroxide. After
18 months, periradicular healing has taken place and a hard tissue barrier has formed apically in the coronal fragment, against which an adequate root
filling with gutta-percha can be performed.

3 d 4 mo 5 mo 8 mo 4 yr

Fig. 22.22 Root canal treatment of both fragments of a root fractured incisor. Note the widening of the space between fragments and the adjacent
radiolucency 4 months after injury. The root canal in both fragments was filled with gutta-percha which was extruded into the space between the two
fragments. After 8 months, the space between the fragments and adjacent radiolucency increased and the apical fragment was therefore removed. Peri-
radicular healing can be seen 4 years later.
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An exposed pulp is treated by pulp capping or partial
pulpotomy, provided that vital and fresh bleeding tissue is
found at the exposure site (302) (Fig. 22.25). Root canal
treatment is instituted later in the event of pulp necrosis.

Prognosis

Successful conservative treatment of root-fractured teeth
with partial or total pulp necrosis has been described and
reported in a number of publications (61–66, 191, 192). In
a recent study, types of conservative endodontic treatment
were evaluated in 98 teeth with a fracture in the middle or
apical part of the root (302). It was found that frequency of
healing was minimal (0%) in teeth in which the root canal
in both fragments was filled with gutta-percha. The failures
were judged to be due to extrusion of filling material and
necrotic debris in between the fragments, resulting in per-
sistent radiolucency in adjacent tissues. In teeth treated by
filling with gutta-percha of the root canal in only the coronal

fragment, healing occurred in 76% of teeth. However, the
majority of fractures were in the apical part of the root,
where the root canal is narrow and could be obturated
without overfilling (Fig. 22.19). In teeth in which the coronal
fragment was filled with gutta-percha and the apical frag-
ment was removed surgically, healing was seen in 68%. This
type of treatment is an arduous procedure, especially for
children and adolescents, and should, therefore, be avoided.
But, it has a reasonable prognosis and may be considered in
exceptional cases, provided the coronal fragment can
support the crown during function. Periodontal healing
with formation of a hard tissue barrier apically in the
coronal fragment, treated by calcium hydroxide and subse-
quent obturation with gutta-percha, was found in 86% of
65 teeth, 4 years after the last treatment. Furthermore, in
most teeth with vital tissue in the apical fragment at the 
time of treatment, the pulpal lumen became obliterated 
by the formation of hard tissue (65, 192) (Figs 22.19 and
22.21).

3 yr 5 yr 5 yr 5 yr 9 yr

Fig. 22.23 Treatment of a tooth with healed root fracture and subsequent pulpitis due to a carious lesion. Three years after injury the root fracture
appears healed. Two years later, a deep carious lesion was filled temporarily. Due to symptoms of pulpitis endodontic treatment was instituted. Note
that there was no gutta-percha pressed between fragments at the time of filling and no periradicular changes 4 years later (i.e. 9 years after injury).

0 d 6 wk 3 mo 4 mo 4 yr

Fig. 22.24 Endodontic treatment of the coronal fragment and simultaneous surgical removal of the apical fragment. Displacement of the apical frag-
ment made endodontic treatment of both fragments impossible.
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Luxated or avulsed and replanted teeth

Healing and pathology

When a tooth is forcefully displaced in its alveolus, vessels at
the apical foramen can be compressed, lacerated or severed.
Subsequent reactions in the pulp depend on the degree and
duration of circulatory disturbances, the stage of root devel-
opment and eventual bacterial contamination of the affected
tissues. In general, the risk of pulp necrosis increases 
with increasing stages of root development and severity 
of the luxation injury (67–69, 196–200) (see Chapters 2,
and 13).

A sudden, complete break in pulpal circulation leads to
infarction and coagulation necrosis of the pulp. In mature
teeth and in the absence of bacteria, such tissue may persist

without clinical symptoms or obvious radiographic change
for long periods of time. The infarcted tissue can be also
revascularized, i.e. replaced by ingrowth of mesenchymal
tissues. This is followed by deposition of hard tissue along
the canal walls and, sometimes, continued root development
(Fig. 22.26). These processes are described in detail in
Chapter 2. However, the necrotic pulp most often becomes
contaminated by micro-organisms from the oral cavity, with
subsequent periapical involvement (70–74, 200).

In clinical and experimental studies of immature
replanted teeth, the frequency of complete pulp revascular-
ization was found to be rather low (75, 200–203). In all teeth
in which revascularization did not occur, a periapical radi-
olucency and/or inflammatory root resorption developed,
i.e. changes known to be related to the presence of micro-
organisms in the pulpal lumen. In experimental studies
designed to imitate clinical conditions, the presence of

0 d 0 d 3 mo 6 mo 4 yr

Fig. 22.25 Treatment of an incisor with concomitant complicated crown and root fracture. A partial pulpotomy was performed and the tooth splinted.
At the final control, a hard tissue barrier is seen in the coronal fragment as well as a connective tissue healing of the root fracture.

2 wk 4 yr1 yr4 mo

Fig. 22.26 Continued root development after replantation of an immature incisor. The tooth was replanted after 30min dry storage. From KLING et al.
(203) 1986.



616 Chapter 22

micro-organisms was the predominant reason for the
absence of complete revascularization (200). Two particular
sources of contamination were demonstrated. One was the
presence of blood clots harboring bacteria in the apical area
of the pulpal lumen, most probably contaminated during
the extra-alveolar period (Fig. 22.27). The other source of
contamination was mechanically damaged cervical root sur-
faces through which bacteria from dental plaque could pen-
etrate into the necrotic pulp tissue (Fig. 22.28).

Systemic treatment with doxycycline had no effect on the
frequency of pulp revascularization or presence of bacteria

in the pulpal lumen (201). On the other hand, when avulsed
teeth were treated topically with doxycycline for 5 minutes
before replantation, the frequency of revascularization was
significantly increased and the presence of bacteria in the
pulpal lumen decreased (201). This effect seems to be due
to elimination of bacteria from the root surface, while con-
tamination via dentinal tubules from mechanical damage on
the root surface cervically was not affected (303, 304).

Regarding luxated teeth, the pathways for bacterial inva-
sion to the damaged pulp tissue are still obscure. One
pathway appears to be invasion of bacteria from mechani-

A

b

a
b

a

B

Fig. 22.27 Presence of a contami-
nated blood clot in the pulpal lumen of
a replanted immature monkey incisor.
A.Apical area of the tooth; abscess for-
mation at the apical foramen (a) and
beneath it a blood clot (b). ×15. B.
Enlarged view of the area between
dense accumulation of leukocytes (a)
and blood clot (b) shows heavy con-
tamination of the blood clot with
micro-organisms (arrows), Brown &
Brenn bacterial stain. ×140. From
CVEK et al. (201) 1990.

A

C

B

D

Fig. 22.28 Pathway of micro-
organisms via cervical root
damage to the pulpal lumen.A and
B. Crushed cementum and dentin
in the cervical area of the tooth,
formation of plaque and penetra-
tion of micro-organisms into denti-
nal tubules, which could be
followed in serial sections through
the dentinal wall into the pulpal
lumen. ×30 and 140. C and D.
Micro-organisms in the dentinal
wall close to the pulpal lumen and
formation of colonies in the
necrotic pulp. From CVEK et al.
(201) 1990.
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cal damage on the cervical root surface that can be inflicted
by e.g. the fulcrum effect of marginal bone at the time of
luxation (305) (Fig. 22.29). It is also conceivable that bacte-
ria may originate from a contaminated blood clot along the
root surface. Anachoretic contamination of the pulp by
blood-borne bacteria appears less likely in healthy individ-
uals, although it cannot be excluded. Thus it has been shown
that the damaged dental tissues can be contaminated when
severe septicemia is experimentally introduced by repeated
intravenous injections of a bacterial suspension (204).

In most experimentally replanted immature teeth with
necrotic and contaminated pulps, vital pulp tissue and

sometimes formation of new hard tissues can be seen in 
the apical portion of the pulpal lumen, despite adjacent
inflammation and abscess formation either in the root 
canal or periapically (200, 201) (Fig. 22.30). In some teeth,
formation of dentin can even be seen, indicating that a 
part of the original pulp has survived, probably due to 
the diffusion of nutrients from periapical tissues (205) 
(Fig. 22.31).

The presence of vital tissue in the apical part of the pulpal
lumen is important from a therapeutic point of view, as this
may ensure a more rapid formation of a hard-tissue barrier
and sometimes continued root development after treatment

6 d 6 wk 5 yr2 yr

Fig. 22.29 Effect of the impact of marginal bone on the root surface of intruded incisor. The arrow points to the area of impact. Six weeks later there
is resorption of the root surface and periapical radiolucency. After calcium hydroxide treatment and filling of the root canal with gutta-percha, root resorp-
tion is arrested and periapical healing evident 5 years after injury.

Fig. 22.30 Presence of vital tissue in
the apical portion of the pulpal lumen
in replanted immature incisors, despite
presence of abscesses in the pulpal
lumen and periapically. ×20.
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of non-vital immature teeth with calcium hydroxide
(76–78).

Diagnosis of pulp necrosis

Acute clinical symptoms, such as pain or swelling, are
seldom present in the early post-traumatic period. However,
the tooth may become loose and tender to percussion (198).
Clinical diagnosis of pulpal status and decision on endodon-
tic treatment should be based on evaluation of coronal color
changes, sensibility testing and radiographic findings
including disturbances in root development of immature
teeth. Regarding clinical decision making, there is no differ-
ence between the various types of injuries, with the excep-
tion of severely intruded or replanted mature teeth. In these
teeth no healing of the pulp can be expected and the root
canal treatment should therefore be instituted, irrespective
of clinical findings, 1–2 weeks after injury in order to
prevent inflammatory root resorption.

Discoloration of the crown subsequent to trauma has
been described as pink, yellow, brown and gray or a combi-
nation of these (68). A color change to pink or reddish seen
within 2–3 days after injury indicates intrapulpal bleeding,
which may resolve and the crown may regain its natural
color 2–3 weeks later (68, 79, 80, 207, 208). Persistent dis-
coloration, especially with a shift to gray, indicates necrosis
and probably bacterial contamination of the pulp (81, 208)
(see Chapter 9).

Sensibility of the pulp can be checked in different ways;
but the usual method is electrical stimulation (see Chapter
9, p. 258). There is, however, no correlation between the sen-

sibility threshold and the histological condition of the pulp
(82, 83). Erupting non-injured teeth, for example, may not
respond to electrical stimulation; and injured teeth which do
not respond to testing immediately after injury may regain
their sensitivity, sometimes months or years after injury
(84–86, 206–212). Furthermore, a negative response is
sometimes found in teeth in which the pulpal lumen has
been reduced by hard tissue formation (87, 88, 209). Elec-
trical sensibility testing should therefore be regarded only as
a diagnostic aid; a negative response alone should not be
considered the sole indication for endodontic treatment,
whereas a positive response is a relatively safe sign of pulpal
innervation. The test should be correctly performed, as a
positive response may be elicited by contact of the electrode
with gingiva or a moist crown surface (209) (see Chapter 9,
p. 264). However, an alternative test of pulp vitality is pos-
sible by using the laser Doppler technique (211, 212, 306)
(see Chapter 9, p. 267).

Radiographic findings, such as a widened and diffusely
outlined periodontal space, radiolucency and/or external
inflammatory root resorption can normally be seen within
2–8 weeks after injury. However, periapical radiolucency
may appear later (206, 207) (Figs 22.32–22.34).

Inflammatory changes of periradicular tissues are clearly
related to the presence of bacteria in the pulpal lumen (60,
74, 200, 213). However, it has been recently reported that in
about 10% of extruded or laterally luxated mature perma-
nent teeth periapical radiolucency may spontaneously heal
and be followed by pulp canal obliteration (206, 208). This
finding points out the intricacy of healing processes after
traumatic injuries, which are still not understood in full

A B C

Fig. 22.31 Penetration of micro-organisms into necrotic pulp. A. Immature monkey incisor replanted after 30min storage in saliva foramen, penetra-
tion of micro-organisms through dentinal tubules of coronal dentin into the pulpal lumen; bacterial colonies are seen in the necrotized pulp, Brown &
Brenn bacterial stain. ×100. B. Abscess formation in apical area. ×15. C. Formation of dentin is seen. The arrow indicates the line between pre- and
post-traumatically formed dentin. ×33. From CVEK et al. (201) 1990.



Endodontic Management and the Use of Calcium Hydroxide 619

0 d 6 mo 9 mo 3 yr 4 yr

Fig. 22.32 Arrested root development after a luxation injury. There is formation of hard tissue apically but none in the rest of pulpal lumen, indicating
necrosis of the underlying pulp. Periapical radiolucency is seen 3 years after injury. Periapical healing is evident 4 years after treatment with calcium
hydroxide and following obturation with gutta-percha.

3 mo 9 mo 1 yr 18 mo 5 yr

Fig. 22.33 Minor disturbance in root development of a luxated incisor. There is formation of irregular hard tissue in the apical area, followed by further
root development. Note the absence of hard tissue formation in the rest of pulpal lumen, indicating pulp necrosis. Periapical radiolucency was noted 1
year after injury. Periradicular healing is evident 5 years after root canal treatment with calcium hydroxide and subsequent filling with 
gutta-percha.

3 mo 6 mo 18 mo 18 mo 4 yr

Fig. 22.34 Disturbance in root development and formation of a root tip. There is formation of hard tissue apically but none in the rest of pulpal lumen,
indicating necrosis of the remaining pulp. Formation of separate root tip as well as periradicular radiolucency was noted 18 months after injury. Healing
is evident after root canal treatment with calcium hydroxide and subsequent filling with gutta-percha, 4 years after the endodontic treatment.
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detail, and emphasises the need for further research. Clini-
cal implications, however, seem to be minor. Considering
the low frequency of this phenomenon and maturity of the
involved teeth, the risk of a false diagnosis or a negative con-
sequence of the root canal treatment in these teeth appears
minimal. On the other hand, expectation that healing will
occur may neglect a risk of inflammatory root resorption.
However, guidelines for a more conservative approach are
presented in Chapter 13, p. 383.

Disturbed or arrested root development is frequently seen
after luxation injuries to immature teeth and is usually fol-
lowed by obliteration of the pulpal lumen, indicating the
presence of vital pulp tissue (Figs 22.35 and 22.36). Barrier-
like formation of hard tissue apically, with or without con-
tinued root development, may also occur when the coronal
pulp is necrotic. However, sooner or later it becomes bacte-
rially contaminated with acute or chronic periapical
inflammation as a result. Thus, absence of any hard tissue
formation in the rest of the pulp cavity in these teeth, indi-

cating no cell activity, is a strong indication of a coronal pulp
necrosis (Figs 22.32–22.34). In these teeth, endodontic inter-
vention should therefore be considered before the appear-
ance of radiographic periapical changes.

In general, the decision to perform endodontic treatment
should be based on an evaluation of clinical and radi-
ographic findings as well as history and information gained
from a comparison between radiographs at the time of
injury and subsequent controls.

Replanted immature teeth, in which revascularization can
be expected to occur, should not be treated endodontically
until signs of periapical lesions or external inflammatory
root resorption are observed. This implies close radi-
ographic follow-up, as root resorption in immature teeth
may progress very rapidly. Controls at 3, 6 and 8 weeks after
injury will normally disclose these changes.

In replanted mature teeth it is advisable to postpone
endodontic treatment until 1–2 weeks after replantation and
just prior to splint removal, to avoid further damage to the

0 d 6 mo 9 mo 1 yr 4 yr

Fig. 22.35 Arrested root development after a luxation injury. The pulpal lumen is successively diminished by formation of hard tissue, indicating pres-
ence of vital tissue.

0 d 6 mo 9 mo 1 yr 4 yr

Fig. 22.36 Disturbance in root development of an immature incisor after a luxation injury. Note successive diminution of the pulpal lumen by forma-
tion of hard tissue.
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periodontal ligament by the endodontic procedures. During
early stages of periodontal healing, it is easy to expel drugs
and filling materials into the periodontal space and, if
calcium hydroxide is used, it may be expelled to the peri-
apical area and cause necrosis of living cells on the root
surface apically with ankylosis as a result (214).

Treatment of immature teeth

Wide or funnel-shaped root canals make endodontic treat-
ment in immature teeth difficult. The difficulties lie in
removing all necrotic tissue from the dentinal walls and
achieving adequate obturation of the root canal. A number
of treatment procedures have been described; but it was not
until calcium hydroxide was introduced that favorable
results could be obtained. Since then, numerous clinical and
histological investigations have been carried out; and
calcium hydroxide is today the most commonly used root
canal dressing for the treatment of immature non-vital teeth
(88–92, 307–311).

The effect of calcium hydroxide

The purpose of calcium hydroxide treatment is to achieve
healing of periradicular tissues, including arrest of inflam-
matory root resorption and formation of a hard tissue
barrier apically, against which an adequate root filling can
be placed (Fig. 22.37). In clinical and experimental studies,
this has been shown to occur with a high predictability
(93–102, 215–237, 307–311) (Table 22.2).

These favorable results depend on several properties of
the calcium hydroxide, all related to its high pH = 12.5 (223).
One property is its strong antibacterial effect (103, 105,
215–230, 312). Thus, in vitro, 99.9% of bacteria from the
common root canal flora were killed within a few minutes

upon direct contact with calcium hydroxide (224), Entero-
coccus faecalis apparently being the only resistant strain. In
contact with calcium hydroxide, bacteria are killed at pH
12.5 but not at pH 11.5. Resistance of E. faecalis to short
exposure to calcium hydroxide has been confirmed in vitro
experiments with contaminated dentin, but findings as to its
resistance to a longer exposure have not been unanimous.
In one study, the bacteria survived a 10-day exposure while
in another they were killed after 24 hours (227, 230). In clin-
ical studies, however, E. faecalis do not seem to cause
endodontic problems. Thus, from infected root canals very
few bacteria could be cultivated after 1–4 weeks’ dressing
with calcium hydroxide and, among these, the presence of
E. faecalis was rare (105, 224, 227).

Another property of calcium hydroxide is its capacity to
dissolve necrotic pulp remnants, rendering root canal walls
clean (221, 228, 313). Hence, no difference in the debride-
ment effect was found when the root canal dressing with
calcium hydroxide was compared with ultrasonic instru-
mentation (233). This is important for the treatment of
immature teeth, in which the thin dentinal walls do not
permit intensive reaming.

1 mo 4 mo 18 mo 2 yr 2 yr

Fig. 22.37 Treatment of a non-vital immature tooth with calcium hydroxide. Periapical healing and apical closure with hard tissue was present after
18 months and the tooth was permanently filled with gutta-percha. A master point with a heat-softened tip was placed against the hard tissue barrier
and, thereafter, the root canal was obturated with additional points, using lateral condensation.

Table 22.2 Frequency of periapical healing in non-vital teeth after root
canal treatment with calcium hydroxide.

Examiner Number of teeth Healing

Immature teeth
Kerekes et al. (94) 1980 66 62 (94%)
Mackie et al. (217) 1988 112 108 (96%)
Cvek (221) 1992 328 314 (96%)

Mature teeth
Vernieks & Masser (106) 1978 78 62 (79%)
Kerekes et al. (94) 1980 27 26 (96%)
Caliskan & Sen (332) 1996 172 139 (81%)
Cvek (221) 1992 441 414 (94%)
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Findings regarding the ability of calcium hydroxide to
induce ectopic bone have not been convincing (234, 236).
However, elimination of bacteria from the root canal makes
healing of the surrounding vital tissue and the formation 
of an apical hard tissue barrier possible. When in contact
with vital tissue in the apical area, calcium hydroxide 
seems to cause tissue reactions similar to those in the
coronal pulp (Fig. 22.38). Thus, layers of the hard tissue 
in an apical barrier are similar to those formed after pulpo-
tomy or pulp capping, the only difference being that a repar-
ative or cementum-like hard tissue is formed instead of
dentin, indicating involvement of periapical tissues in the
barrier formation (95, 102, 232). These tissue layers can be
arranged very irregularly and often include islands of soft
connective tissue, probably a result of placing calcium
hydroxide against lacerated tissue (Fig. 22.38). An apical
barrier can be formed around the apex of the tooth, over the
apical foramen or in the root canal. The location of the
barrier seems to depend on the level at which calcium

hydroxide has been brought into contact with vital tissue
(Fig. 22.39).

The ability of periodontal tissues to respond with hard-
tissue formation in contact with calcium hydroxide does not
seem to be related to the maturity of the tooth, the time of
treatment after injury, or the location on the root surface.
Thus, after repeated dressings, formation of the hard tissue
can be seen apically in mature teeth (106, 309) (Fig. 22.40),
in root perforations (90, 107, 108, 237–239) (Fig. 22.41), at
the fracture site in the coronal fragment of root fractured
teeth (65, 192, 302) (Fig. 22.42), after unsuccessful apicoec-
tomy or periapical curettage (108, 240) and in teeth in which
the root development ceased years prior to treatment (Fig.
22.43).

In immature teeth, continued root development or for-
mation of a separate part of the root may occasionally occur,
probably due to the survival of a part of pulp tissue and/or
the Hertwig’s epithelial root sheath (76–78) (Figs 22.34 and
22.44).

A

C

E

B

D

F

Fig. 22.38 Development of hard tissue apically in a non-vital immature incisor treated with calcium hydroxide. A. Histologic section through the apical
area of a non-vital immature incisor, treated with calcium hydroxide and extracted a week later. Light blue stained amorphous formation across the
apical opening; haematoxylin-eosin stain. ×10. B. In a following section, stained with a polychrome stain, the same formation is stained yellow, indi-
cating coagulation necrosis. ×10. C. In a similar section from a tooth, extracted 3 weeks after treatment, red colored collagen is seen appositioned on
the coagulated tissue. ×40. D. In another tooth, extracted after 3 months, appositioned of cementum- or bone-like tissue is evident on the brown-yel-
lowish colored, coagulated and probably calcified tissue. ×40. E. An irregular hard-tissue barrier with inclusions of soft tissue and empty space; dark
stained gutta-percha, intruded into a hollow place in the barrier caused no adverse reactions. ×10. F. In larger magnification, although haphazardly
arranged, hard tissue layers similar to those formed in the pulp can be seen, with a difference that instead of dentin a cementum-like tissue is formed:
a. Remnants of coagulated tissue, b. A darkly stained band of dystrophically calcified tissue, c. A layer of cementum-like hard tissue.
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A

B

C

D

Fig. 22.39 Different levels of forma-
tion of the hard tissue barrier after
treatment with calcium hydroxide.
Radiographs were taken before treat-
ment and after completed apical
closure. The teeth were extracted
because of cervical root fractures. A.
Formation of hard tissue in the peri-
apical area as a result of overfilling
with calcium hydroxide. ×10. B and C.
Barriers formed across the apical
foramen. ×20. D. Formation of hard
tissue barrier within the root canal.
×20. In all cases, newly formed hard
tissue was found to be cementum-like.
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2 wk 2 wk 6 mo 6 mo 4 yr

Fig. 22.40 Treatment of a mature permanent incisor with calcium hydroxide. Periapical healing and closure apically with hard tissue was found after
6 months and the root canal was filled with gutta-percha. Periapical healing is seen at a 4-year control.

0 d 0 d 4 mo 18 mo 4 yr

Fig. 22.41 Treatment of accidental root perforation with calcium hydroxide. A radiolucency adjacent to perforation was found 2 years after gutta-percha
filling. The tooth was initially treated by a cervical pulpotomy because of a pulp exposure and a root perforation occurred at the time of removing the
hard tissue barrier in connection with pulpectomy. The root canal was treated with calcium hydroxide; the initial formation of hard tissue was seen after
4 months and the perforation was completely sealed with hard tissue at 18 months. The control 4 years after subsequent filling with gutta-percha shows
periodontal healing.

0 d 4 wk 4 wk 18 mo 4 yr

Fig. 22.42 Root fracture and treatment of the non-vital coronal fragment with calcium hydroxide. Four weeks after injury there is widening of the space
between fragments and adjacent radiolucency. The coronal fragment was treated with calcium hydroxide and 11/2 years later, periradicular healing and
apical closure with hard tissue of the coronal fragment was observed. Four years after filling with gutta-percha, periradicular healing is evident. From
CVEK (65) 1974.
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Timing of endodontic procedure 
after replantation

This is a delicate treatment problem as the endodontic pro-
cedure should ideally prevent development of inflammatory
resorption or treat this condition at a stage where it is

limited (337). At the same time PDL healing should be suf-
ficiently advanced that the use of substances such as calcium
hydroxide cannot interfere with the healing process and
cause apical ankylosis due to its high pH (336). Combining
results from an experimental (338) and a clinical study (339)
the optimal time for pulp extirpation appears to be 7–14
days after replantation. Naturally the tooth needs to be

0 d 3 mo 9 mo 9 mo 3 yr

Fig. 22.43 Late endodontic treatment of an incisor with arrested root development. Control 4 years after previous treatment shows incomplete root
canal obturation and a broken file left in the canal with associated periapical radiolucency. After removal of the root filling and the file, the root canal
was filled with calcium hydroxide. Nine months later, periapical healing and formation of apical hard tissue barrier was found, against which adequate
obturation with gutta-percha was performed. Periapical healing is evident 3 years later.

0 d

A B

1 wk 3 mo 6 mo 1 yr

Fig. 22.44 Continued root development after treatment of an incisor with partial pulp necrosis. Note the level of calcium hydroxide in the root canal,
indicating the presence of some vital tissue in the apical portion. Formation of a hard-tissue barrier and continued root development can be seen at
controls 6 and 12 months after initial treatment. A and B. Histologic section of a similarly treated tooth, extracted due to cervical root fracture. Close to
the calcium hydroxide is a darkly stained area of necrotic and later calcified tissue (cn), followed by a layer of bone-like tissue (od), and above it dentin
and predentin with lining odontoblasts (d). ×20 and 40.
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splinted or stabilized during the procedure as PDL healing
is not complete at this time (140). This naturally implies that
pulp extirpation is performed as a prophylaxis against root
resorption (e.g. in the case of root canal closed teeth or teeth
with incomplete root formation, or such a long extraoral
storage that pulp revascularization is not likely (see Chapter
17)). In established inflammatory resorption an experimen-
tal study in dogs has shown that long term placement of
calcium hydroxide (i.e. 2 months) led to more optimal
healing than 1 week’s treatment (328).

Technical procedure

Permanent teeth can be injured before they have erupted
completely or by being intruded, with subsequent develop-
ment of pulp necrosis. In such cases, a palatal gingivectomy
may be necessary to allow adaptation of a rubber dam and
provide access into the root canal (Fig. 22.45).

In partially erupted or splinted teeth, adaptation of a
rubber dam can be difficult. As leakage may occur, solutions
that can damage oral tissues should not be used for disin-
fection (Fig. 22.46). A satisfactory effect can be achieved if
the crown is cleaned with water-mixed pumice using a
rubber cup and, after a rubber dam is adapted, the crown is
washed with a mild disinfectant, e.g. a solution of chlorhex-
idine in 96% ethyl alcohol (109).

When access to the root canal has been gained and
necrotic pulp tissue removed, an effective chemo-mechani-
cal cleansing of the root canal is necessary because necrotic
tissue remnants always remain along the dentinal walls. In
immature teeth, this is a difficult procedure because of wide
root canals and inadequacy of files or reamers (110, 111).
Canal cleansing should be performed by careful, methodi-
cal filing of the dentinal walls, using lateral pressure and ver-
tical movements. Only moderate pressure should be used, in
order to avoid weakening of the root canal walls in the cer-
vical area, as well as to avoid fracture of the fragile dentinal
walls in the apical region, which may impair periapical
healing (112). It is important to consider that the vital tissue
present in the apical part of the pulpal lumen should not be
removed, as this tissue may improve the quality and speed
of apical bridging or provide further root development,
depending on the type and differentiation of the cells
involved. During cleansing, the canal should be repeatedly
flushed with 0.5% sodium hypochlorite (113, 114, 241, 242).

After cleansing, the root canal is filled with calcium
hydroxide with a spiral. In immature teeth with wide root
canals, a syringe with a special cannula may be used (Fig.
22.47). After filling, the calcium hydroxide dressing is com-
pressed slightly towards the apex with a cotton pellet in
order to ensure contact with the vital tissue apically; there-
after the access cavity is sealed with zinc oxide-eugenol
cement. The root canal can be filled with calcium hydroxide
immediately after chemo-mechanical cleansing (105,
224–226). Calcium hydroxide that is eventually pressed
through the apical foramen during filling is readily resorbed
by periapical tissues (115). However, necrotic and infected
pulp tissue remnants pressed into the periapical space may
cause an acute exacerbation of a chronic periapical inflam-
mation (116) (Fig. 22.48).

The addition to calcium hydroxide of toxic antibacterial
drugs, such as camphorated parachlorophenol, does not
seem to be justified (111, 114, 117, 224), nor does the mixing
of calcium hydroxide with corticosteroids or antibiotics
(243).

After being filled with calcium hydroxide, the teeth should
be controlled at 3- to 6-month intervals. Intermediary
replacements of calcium hydroxide did not appear in an
experimental study in monkeys to advance the apexification
(332); however, in a clinical study it was found that frequent
change of calcium hydroxide (ie. more than 5 months
between shifts compared to less than 5 months) resulted in
more rapid formation of an apical barrier (333).

A B C

Fig. 22.45 Surgical excision of gingiva in order to allow endodontic treatment in a partially erupted incisor. A. Condition before treatment. B. A palatal
gingivectomy and root canal treatment were performed at the same visit. C. Condition 6 weeks later.

Fig. 22.46 Damage of the soft tissues due to the leakage of 30% hydro-
gen peroxide. Hydrogen peroxide was used for disinfection in the case of
a poorly adapted rubber dam on an infrapositioned incisor.
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Fig. 22.47 Filling of the root
canal with calcium hydroxide
A palatal opening is made wide
enough to allow adequate mechanical
cleansing of the root canal.

Filling the root canal
After completed cleansing, the cannula
is introduced in the root canal close to
the apical area and then slowly with-
drawn while pressing calcium hydrox-
ide out of the syringe.

Compressing calcium hydroxide
The paste is then pressed lightly
towards the apex with a dry cotton
pellet to ensure apical contact with
vital tissue. Filling and condensing of
calcium hydroxide is repeated until the
root canal assumes same radiodensity
as surrounding dentin.

Sealing the access cavity
After the excess of the paste is
removed, the coronal cavity is sealed
of with zinc oxide-eugenol cement.
One year after root canal treatment,
periapical healing and formation of the
apical hard-tissue barrier is seen.
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If periapical healing does not occur, the root canal should
be retreated. In the root canal, calcium hydroxide is dis-
solved and eventually forms compounds with different ions
available from the vital tissue present at the apical foramen,
resulting in the fall of the calcium hydroxide level in the root
canal. In immature teeth, this appears to be an ongoing
process that continues until the apical foramen is closed
with a hard-tissue barrier. In the presence of a large peri-
apical radiolucency, formation of hard tissue could be often
seen first after repeated filling. It is conceivable that to
achieve the effect of calcium hydroxide, presence of cells
capable of hard tissue formation is necessary, which may
take place after resolution of periapical destruction. When
left empty, the root canal can become re-infected and new
periapical radiolucency can occur, most probably due to
leakage from an inadequate coronal seal (Fig. 22.49). These
teeth can sometimes be successfully retreated with calcium
hydroxide (Fig. 22.50). However, if bacteria have settled in
the newly-formed hard tissue apically, this may be difficult
and apical surgery may be necessary. Thus, when the level of
calcium hydroxide falls in the cervical part of the root canal,

it should be refilled, in order to assure further formation of
the hard-tissue barrier.

Permanent obturation with gutta-percha and a sealer is
performed when radiographic and clinical examination
demonstrates periapical healing and the root canal closed
apically with a hard-tissue barrier. Depending on the width
of apical foramen and size of the periapical lesion, this may
take 6 to 18 months after initial treatment (93, 106, 218–221,
310). The apical barriers have proven in clinical and histo-
logical investigations to be quite resistant to pressure exerted
during condensation of gutta-percha (93, 95). However, a
thin barrier can be damaged or broken and gutta-percha
expelled into the periapical space if excessive pressure is used
(Fig. 22.51). A gentle obturation technique is therefore rec-
ommended (118). Experience has shown that the following
procedure gives satisfactory results (314). The tip of a gutta-
percha master point, i.e. the largest point that can easily
reach the apical barrier, is warmed by passing it once
through an alcohol flame. The point is then immediately
introduced into the root canal and gently but steadily
pressed against the apical barrier. To achieve the desired

Fig. 22.48 Effect of over-instrumen-
tation. Over-ambitious cleansing in an
immature incisor resulting in exacerba-
tion of periapical inflammation 3 days
after treatment.

0 d 6 wk 3 mo 1 yr 2 yr

Fig. 22.49 Reccurrence of periapical inflammation. Periapical radiolucency and inflammatory root resorption were evident 6 weeks after injury. The root
canal was treated with calcium hydroxide and a complete apical closure was observed 12 months later. Note the absence of calcium hydroxide above
sealing material, pressed into the root canal at a previous treatment. Thereafter, the patient was not available for control and when seen again after 2
years, new periapical radiolucency has developed.
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results, i.e. the apical part of the root canal filled and the
gutta-percha point well-adapted to the barrier, only the tip
of the gutta-percha point should be softened and the rest of
it should remain stiff (Fig. 22.52). Once the gutta-percha has
cooled in the root canal and a control radiograph is taken,
the root canal can be obturated by lateral condensation of
additional points which have been dipped into resin-
chloroform, or by using an endodontic sealer. The other
possibilities for adequate obturation of wide root canals
include methods using thermo-plasticized gutta-percha and
vertical condensation.

Prognosis

Successful treatment with calcium hydroxide, i.e. periapical
healing and formation of a hard-tissue barrier, has been
reported to occur in 79–96% of the treated teeth (92–94,
216–222, 307–311). The results obtained in more compre-
hensive studies are shown in Table 22.2.

In a long-term study of calcium hydroxide treated inci-
sors, periapical healing was observed in 92% of 589 teeth, 4
years after permanent filling of the root canal with gutta-
percha (221). No difference was found between immature
and mature teeth, indicating that the prognosis of root
filling in immature teeth was not impaired by their wide root
canals and often irregular hard tissue barriers containing
inclusions of soft tissue. On the other hand, long-term tooth
survival of immature teeth was seriously threatened by the
occurrence of ‘spontaneous’ cervical root fractures. It is
commonly known that root-filled teeth are more prone to
be fractured than vital teeth and believed that desiccation of
dentin and loss of dentin during reaming of root canal could
be reasons for fracture (315, 316) (Fig. 22.7).

In immature teeth cervical fractures were found to be
clearly related to the stage of root development. Frequency
of cervical fractures fell gradually from 77% in 26 teeth with
the lowest degree of root development, to 2% in 362 mature
teeth (Fig. 22.54), which indicated that in young immature

5 wk 9 mo 14 mo 14 mo 4 yr

Fig. 22.50 Retreatment of periapical inflammation. Five weeks after injury there is widened and diffusely outlined periodontal space periapically and
inflammatory root resorption. Nine months after treatment with calcium hydroxide, there is arrest of inflammatory resorption, hard tissue formation api-
cally and periapically radiolucency. Note the inadequate coronal seal. Periapical healing could be seen 5 months after retreatment with calcium hydrox-
ide. Condition 4 years after obturation of the root canal with gutta-percha. From CVEK (221) 1992.

2 mo 6 mo 1 yr 1 yr 1 yr

Fig. 22.51 Disruption of the apical hard tissue barrier due to forceful obturation of the root canal. During filling of the canal with gutta-percha, an
attempt was made to fill a void in the root canal (arrow). The pressure applied resulted in the rupture of the thin hard tissue barrier and overfilling.
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incisors the thin dentinal walls, left behind after the pulpal
death, could be the reason for their occurrence (221) (Figs
22.53 and 22.54). This view was further supported by
finding a significant relationship between fractures and
defects left after arrested inflammatory resorption in the
root, increasing susceptibility for a fracture especially in
teeth with more advanced root development (221).

A similar phenomenon has been earlier observed in
experiments with immature dog teeth (15). However, find-
ings in in vitro experiments with animal and human dentin,
suggested that calcium hydroxide, especially used in long-
term therapies, may, due to denaturation and dissolution of
its protein contents, increase the brittleness of dentin and
risk of cervical root fractures (317, 318). Furthermore it was
found in in vitro experiments, that sodium hypochlorite (3
or 5%), possesses a similar effect on hardness and brittleness
of dentin (318, 319). It appears logical to assume that such
effects would be more expressed in immature teeth, with

thin or weakened dentinal walls than in mature teeth (Fig.
22.7). Thus, it is conceivable that the high frequency of frac-
tures could be the result of several, concomitantly involved
factors in the treatment of the young immature teeth.
Further experimental and clinical studies seem to be neces-
sary before the reason or reasons for fractures could be clar-
ified and the clinical procedures adapted. Hopefully, using
new techniques for strengthening roots of immature teeth,
the frequency of cervical fractures may be reduced
(320–322). This technique is described in Chapter 23. In any
case, much is gained if a young, immature incisor can be
kept as space maintainer during the periods of maxillary
growth (Fig. 22.55).

Finally, it should be mentioned that reappearance of
periapical changes in teeth filled with gutta-percha can 
often be resolved by the re-treatment with calcium hydrox-
ide and subsequent refilling of the root canal (334) 
(Fig. 22.56).

A

E F

G H I J

B C D

Fig. 22.52 Clinical procedures for
filling the canal with partially heated
gutta-percha. A. Selection of a suitable
master point. B. The tip of the point is
softened by passing it once through
ethanol flame and then introduced
into the root canal and pressed against
the apical barrier. C. Subsequent filling
using lateral condensation. D. Com-
pleted filling. E. The tip of the point is
softened by passing it once through
ethanol flame. Only the tip of the point
should be softened and the rest should
remain stiff if the desired effect is to be
achieved. F. The effect of pressing a
partially softened point against a firm
surface. G–J. Obturation of the root
canal in non-vital immature incisor
after treatment with calcium hydrox-
ide. The softened tip of a master point
was pressed against the hard tissue
barrier and the root canal completely
obturated by additional points, dipped
in resin-chloroform, and using lateral
condensation.
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0 d 6 mo 9 mo 1 yr 18 mo

Fig. 22.53 Cervical root fracture after successful endodontic treatment of an incisor with immature root development. A minor trauma caused the cer-
vical root fracture 18 months after initial treatment.

Fig. 22.54 Frequency of cervical root
fractures. Frequencies of cervical frac-
tures in 759 luxated, non-vital maxil-
lary incisors, after calcium hydroxide
treatment and 4 years observation fol-
lowing gutta-percha filling, distributed
according to the stage of root devel-
opment. From CVEK (221) 1992.

5 wk 5 wk 12 mo 18 mo 4 yr

Fig. 22.55 Cervical root fracture of an immature incisor 6 years after initial treatment. Five weeks after reposition of a slightly intruded central incisor
a periapical radiolucency indicates pulp necrosis. 12 months after treatment with calcium hydroxide periapical healing and formation of the apical hard-
tissue barrier is seen. The tooth is root filled with gutta-percha 18 months after initial treatment. A cervical root fracture is seen 4 years later, caused by
biting into a piece of chocolate. Note root development of the lateral, neighboring incisor.
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Treatment of mature teeth

Treatment of non-vital traumatized mature teeth is the same
as for the teeth with pulp necrosis of other etiology. Com-
monly accepted endodontic procedures, drugs and filling
materials can be used (244, 245). However, high frequencies
of healing have been reported if the root canals have been
dressed with calcium hydroxide prior to filling with gutta-
percha (94, 106, 221, 309, 332). Dressing with calcium
hydroxide before obturation with gutta-percha can therefore
be recommended for routine use in teeth with infected root
canals and periapical lesions.

Prognosis

Periapical healing after treatment and obturation of the root
canal with various filling materials has been reported in
various clinical studies to range from 76 to 91% (54, 57, 245,
332). Periapical healing, after initial dressing with calcium
hydroxide and subsequent filling with gutta-percha, was
found in 92–96% of the treated teeth (94, 106, 221, 309).

External inflammatory root resorption

Pathology

External root resorption in luxated or replanted teeth has
been described as surface, inflammatory or replacement
resorption, of which only inflammatory resorption is related
to a necrotic and infected pulp (60, 119, 200–202, 221).
When dentinal tubules are exposed by the resorption of
damaged tissues on the root surface, bacteria and toxins
from the root canal may via dentinal tubules diffuse to the
adjacent periodontal tissues causing inflammation and pro-
gressive root resorption (Fig. 22.57). This resorption seems
to be more frequent and rapid in immature teeth, most

probably due to the thin dentinal walls and wide tubules (5,
85). Whether systemic antibiotics may prevent the occur-
rence of inflammatory resorption in replanted teeth is con-
troversial (203, 323–326.) To judge from the clinical
experience, systemic antibiotics for 7–10 days do not prevent
inflammatory resorption after treatment has been com-
pleted. However, once bacteria have settled in the necrotic
pulp, the arrest or healing of inflammatory resorption
depends only on removal of bacteria from pulpal lumen and
adjacent dentin tubules by endodontic therapy.

Diagnosis and treatment

Radiographically, external inflammatory root resorption is
characterized by a progressive loss of tooth substance asso-
ciated with a persistent or progressive radiolucency in the
adjacent alveolar bone (Fig. 22.58). The critical period for
onset of these changes seems to be about 2–8 weeks after
injury (see Chapter 2 and Chapter 17, p. 457). It is impor-
tant that endodontic therapy is instituted as soon as clinical
and radiographic signs of pulp necrosis and inflammatory
resorption are evident.

Endodontic treatment of teeth with inflammatory root
resorption is identical to treatment of other non-vital trau-
matized teeth. In principle, the choice of antibacterial drugs
or filling materials are of minor importance, as the effect on
healing depends upon effective removal of the necrotic pulp
and bacteria from the pulpal lumen (120, 327). However,
dressing the root canal with calcium hydroxide before filling
with inert gutta-percha has been shown to give a high fre-
quency of healing (120, 221, 328). It may therefore be prefer-
able to use in teeth in which periodontal healing and
formation of reparative hard tissue in resorption lesions is
desirable (Figs 22.58–22.60).

The effect of calcium hydroxide upon the arrest and
healing of inflammatory root resorption is not clearly
understood. Elimination of bacteria from the root canal and
dentinal tubules appears to be the main factor. It has also

4 wk 9 mo 18 mo 2 yr 4 yr

Fig. 22.56 Treatment of secondary periapical inflammation. After initial treatment with calcium hydroxide and root filling with gutta-percha, a new
periapical radiolucency developed 18 months after late treatment. Gutta-percha was removed and root canal treated again with calcium hydroxide. Six
months later, there is formation of new hard tissue barrier at the apical foramen and a diminished radiolucency. Periapical healing is seen at the 4-year
control of new obturation of the root canal with gutta-percha.



A B C

Fig. 22.57 Histologic appearance of inflammatory root resorption. A. Penetration of bacteria through dentinal tubules, from the contaminated pulpal
lumen towards the periodontium, Brown & Brenn bacterial stain. ×100. B. Bacteria and their toxins cause accumulation of leukocytes. As these cannot
reach bacteria in the tubules, osteoclasts are stimulated to resorb dentin. ×100. C. If bacteria are removed from the root canal, resorption lesions can
be repaired by cementum-like tissue. ×80.

0 d 1 mo 2 mo 4 mo 14 yr

Fig. 22.58 Radiographic appearance of external inflammatory root resorption. There is a progressive loss of root substance associated with increasing
radiolucency in the adjacent alveolar bone.

1 mo 2 mo 3 mo 3 mo 1 yr

Fig. 22.59 Treatment of inflammatory root resorption which has perforated to the root canal. Three months after injury, the root canal was treated with
calcium hydroxide and after 1 year, a gutta-percha filling was inserted. Note that the filling material has been forced into the resorption defect, but was
not displaced into the periodontal space.
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been reported that calcium hydroxide from the root canal
may raise the pH at the root surface to such a level that the
tissue along the resorption cavity, including the resorbing
cells, can be damaged (246). But this effect appears to be of
short duration; and the repair of the experimental lesions in
the root surface by deposition of new hard tissue has been
observed soon after (247, 248). It is conceivable that
hydroxyl ions passing through the dentinal tubules denature
or precipitate its protein contents, whereby further release
of hydroxyl ions towards the periodontium is prevented or
reduced to harmless concentrations.

Follow-up and prognosis

Radiographically, healing is characterized by the arrest of the
resorption process and reestablishment of the periodontal
space, bordered by a lamina dura. Arrest and healing may
occur irrespective of the extent of resorption and the
amount of root substance lost (Figs 22.59–22.63). Arrest of
inflammatory resorption may usually leave a defect on the

root surface which, however, can be diminished by the suc-
cessive apposition of new hard tissue and the resorption
lesion wholly repaired (Fig. 22.61). In the cervical area of the
root, such a defect may become a site of minor resistance
leading to a cervical root fracture, especially in teeth with
early stages of root development (221) (Figs 22.62 and
22.63).

In replanted teeth, ankylosis can often develop at sites of
previously arrested inflammatory resorption (Fig. 22. 64). It
has been suggested that short-lasting or repeated release of
calcium hydroxide from the root canal may contribute to
occurrence of ankylosis by damaging periodontal cells
(248–250). This assumption, however, is in conflict with
clinical studies of luxated teeth, in which the damaging effect
of hydroxide release should be the same as in replanted
teeth; and very high frequencies of arrest and healing of
inflammatory resorption were found after treatment with
calcium hydroxide (120, 221). In these studies, ankylosis was
rare and seen only after severe intrusive luxations. This
seems to indicate that initial periodontal injury, inflicted by
injury or desiccation, rather than calcium hydroxide should

6 mo 6 mo 9 mo 1 yr 14 yr

Fig. 22.60 Treatment of inflammatory root resorption. Six months after luxation extensive inflammatory resorption cavities are seen and, in some places,
only very thin dentinal walls seem to have remained. The root canal was filled with calcium hydroxide. After 9 months, there is arrest of resorption and
periodontal healing. At the 1-year control of the gutta-percha filling, deposition of hard tissue into the resorption cavities is evident.

0 d 6 wk 3 mo 2 yr 4 yr

Fig. 22.61 Treatment of inflammatory root resorption apparent 6 weeks after replantation. Two years after filling with calcium hydroxide, there is peri-
radicular healing and arrest of root resorption. At a 4-year control, there is repair of resorption lesions.
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2 mo 2 mo 3 mo 18 mo 2 yr

Fig. 22.62 Arrest of inflammatory root resorption after calcium hydroxide treatment. After 18 months there is periapical healing and arrest of root
resorption. Six months later, a cervical root fracture has occurred through the resorption defect. From CVEK (221) 1992.

A

B

Fig. 22.63 A. Relationship between
cervical root fractures and presence 
of defects and inflammatory root re-
sorption. Fractures in 397 non-vital
immature incisors, following calcium
hydroxide treatment and an observa-
tion period of 4 years after filling with
gutta-percha. The material is distrib-
uted according to the presence of
resorption defects in the cervical area
of the root as well as the stage of root
development. From CVEK (221) 1992.
B. Healing of inflammatory root resorp-
tion after luxation injuries. The fre-
quency of root resorption arrest and
healing as well as the occurrence of
ankylosis in 187 luxated non-vital per-
manent incisors, treated with calcium
hydroxide. From CVEK (221) 1992.
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be blamed for the occurrence of ankylosis, subsequent to
healing of inflammatory resorption (Fig. 22.63).

Late external inflammatory 
root resorption

Pathology

Progressive external resorption associated with inflamma-
tory changes in surrounding tissue, may occur years after
injury and is, as a rule, located near the cemento-enamel
junction (251, 252). It is primarily found in replanted and
ankylosed teeth in infraposition, but may also occur in
luxated, mostly intruded, teeth. In its advanced stages,
resorption may undermine the crown and become clinically

evident as a pink spot below the cervical enamel, in both
vital and root-filled teeth (Fig. 22.65). The etiology is
obscure. One conceivable factor could be the presence of
bacteria in the gingival crevice and their penetration into
dentinal tubules, exposed by active or poorly repaired
resorption (251, 253). This may cause inflammation in the
area and elicit a progressive root resorption, sometimes 
interfering with the ankylosing processes (Figs 22.65 and
22.66).

Treatment

Cervical root resorption can be treated in several ways. If
esthetic considerations are of minor importance and the
resorption cavity does not extend below the cervical bone

0 d 3 mo 6 mo 3 yr

Fig. 22.64 Change of inflammatory root resorption into ankylosis after treatment with calcium hydroxide. The tooth was replanted after 60min dry
storage. Three months after replantation there is inflammatory root resorption with associated radiolucency in the adjacent alveolar bone and the tooth
was treated with calcium hydroxide. Six months after treatment there is periradicular healing with development of replacement resorption, i.e. den-
toalveolar ankylosis.

0 d 3 yr 6 mo 6 mo

Fig. 22.65 Late external inflammatory root resorption. Three years after replantation there is progressive replacement resorption. At the 6-month control,
marked inflammatory root resorption is found cervically. Clinically, a pink discoloration of the crown and perforating granulation tissue is seen close to
the gingival margin.
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margin, a gingivectomy with subsequent filling of the
resorption cavity with a dentin bonded composite or glass
ionomer cement is the method of choice (254–256). If
esthetic considerations are important, a gingival flap can be
raised and the same restoration as above performed (121,
255) (Fig. 22.67). In cases where the cervical resorption

defect extends below the alveolar crest, orthodontic or sur-
gical extrusion can be considered before cavity restoration
(256–259). In cases where the cervical resorption is related
to ankylosis, the choice is either to accept the condition or
to remove the crown and leave the ankylosed root to bony
replacement (260) (see Chapter 24, p. 700).

1 mo 6 yr 9 yr 10 yr

Fig. 22.66 Late progression of external root resorption. A small external root resorption cavity (arrow) is seen 1 month after a luxation injury. At the
6-year control, the pulpal lumen has been diminished by hard tissue and the external resorption apparently arrested. Controls 9 and 10 years after injury
show a rapid progression of external root resorption and the reduced level of marginal bone (arrow).

A B C

D E F

Fig. 22.67 Treatment of a late exter-
nal root resorption in a vital incisor. A
and B. Cervical resorption seen 6 years
after subluxation. C. Appearance of
resorption after elevation of a flap. D.
Preparation of the resorption cavity
disclosed no connection with the
pulpal lumen. Dentin was covered with
calcium hydroxide and the cavity
restored. E and F. Radiographic and
clinical status 10 years after treatment.
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Root canal resorption 
(internal resorption)

Pathology

Root canal resorption is related to the amount of vital tissue
in the pulpal lumen. It is often seen in root-fractured, but
seldom in only luxated teeth (194, 208). The processes have
been described as transient or progressive surface or tunnel-
ing resorption. Surface resorption is seen radiographically as
a limited loss of hard tissue, usually at the fracture site or
near the apical foramen in luxated teeth. Tunneling resorp-
tion is characterized by the loss of root substance behind the
predentin border which slowly progresses in a coronal direc-
tion, followed by obliteration of both resorption lesions and
the pulpal lumen (194). Although the triggering mecha-
nisms have not been assessed, these changes can possibly be

looked upon as a part of healing processes in which resorp-
tion of damaged or altered tissue is necessary before repair
can take place (see Chapter 2, p. 84). Thus, endodontic
treatment is not indicated unless other changes occur, such
as periradicular inflammatory changes.

Progressive internal resorption is a late and rare compli-
cation that usually occurs in the cervical area of the root
canal in luxated teeth (Figs 22.68 and 22.69). It is charac-
terized radiographically by the progressive loss of root sub-
stance with no hard tissue formation in the resorption
cavity. The process seems to be elicited by irritation from
bacteria or its components in dentinal tubules, originating
from a mechanical damage, dilaceration or cracks in the cer-
vical area of the root or by metaplasia of pulp to bone
(261–263).

Occasionally, progressive dentin resorption may also
occur in root-filled teeth. A conceivable reason for this could
be presence of bacteria in the root canal and communica-

0 d 3 mo 4 mo 18 mo 3   yr2–
1

Fig. 22.68 Internal inflammatory root canal resorption after intrusive luxation of a central incisor. Three and 4 months after injury, an inflammatory
internal resorption with communication to the periodontium has developed cervically (arrow). After 18 months’ treatment with calcium hydroxide, there
is apical closure with hard tissue and communication with periodontium was no longer found. A control 31/2 years after filling of the root canal with
gutta-percha shows periradicular healing.

0 d 0 d 6 wk 3 mo 4 yr

Fig. 22.69 Treatment of internal inflammatory root canal resorption in a crown dilacerated incisor with calcium hydroxide. Repeated filling with calcium
hydroxide was done at 3-week intervals. Note that the calcium hydroxide has step-wise filled the entire resorption cavity, indicating absence of soft tissue
in the lesion. At the control 4 years after filling with gutta-percha there are normal periradicular conditions.
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tion with the periodontium via an accessory canal, from
which soft tissue may proliferate into the root canal and
resorb contaminated dentin (Fig. 22.70).

Treatment

Endodontic treatment of teeth with progressive, internal
root resorption is complicated by the difficulty in removing
tissue from a resorption cavity. Soft tissue remnants may
impede healing if communication exists with the periodon-
tium. However, soft tissue in the lesion can be dissolved by
means of repeated filling with calcium hydroxide at 2- to 3-
week intervals. If treatment with calcium hydroxide is main-
tained for a couple of months, communication with the
periodontium may be closed by apposition of hard tissue
and thus overfilling with gutta-percha can be avoided (Figs
22.68–22.70).

Pulp necrosis following pulp 
canal obliteration

Pathology

Pulp canal obliteration by progressive hard tissue formation
is relatively common after luxation injuries. The hard tissue
varies histologically depending on the origin and differenti-
ation of cells involved in its production (see Chapter 2,
p. 84). Formation of hard tissue can be followed radi-
ographically as it assumes typical morphologic patterns.
There may be ingrowth of bone and periodontal tissue into
the root canal, usually after pulp revascularization in
replanted or luxated teeth (Fig. 22.71) or the pulpal lumen
may be diminished by excessive, irregular hard tissue for-
mation (Fig. 22.72). These changes are only seen in young
teeth with incomplete root formation, resulting in cessation
of further root development. In these teeth neither prophy-
lactic nor therapeutic endodontic treatment can be recom-

mended because of apparent problems of a mechanical
nature as the irregular arrangement of hard tissue prevents
effective canal cleansing.

In most canal obliterated teeth, the new hard tissue is
deposited regularly along dentinal walls and the pulpal
lumen diminishes gradually until only a narrow root canal
remains which may or may not be seen in the radiographs
(Fig. 22.73). In these instances, periapical radiolucency has
been reported to occur in 13–16% of teeth with traumati-
cally-induced pulp canal obliteration, during observation
periods of up to 20 years (88, 122). According to clinical
experience, occurrence of periapical lesions can in most
cases be related to caries, inadequate crown restorations or
new trauma (Figs 22.74 and 22.75). In other teeth with
apparently intact crowns the pathogenesis can be difficult to
define. An additional minor injury may cause ischemic
necrosis of a pulp due to rupture of the few existing blood
vessels. However, the access of bacteria to the pulpal lumen
remains to be explained.

The progressive diminishing of the pulpal lumen by for-
mation of hard tissue represents a challenge for endodontic
therapy (264, 329). Opinions vary as to whether a prophy-
lactic endodontic treatment should be instituted as soon as
the onset of pulp canal obliteration has been diagnosed
(123–125, 264, 265). In teeth with normal periradicular con-
ditions, there seem to be only two logical justifications for
endodontic intervention. One is on the premise of ongoing
degenerative changes leading to necrosis of the pulp, and the
second is on the premise that ongoing obliteration will make
the root canal inaccessible for a later endodontic treatment.
However, when the pulps from prophylactically treated teeth
with reduced pulpal lumen were examined histologically,
changes were characterized by an increase of collagen
content and a varying decrease in the number of cells, i.e.
changes which do not seem to warrant endodontic inter-
vention (126).

In another study, the accessibility for mechanical treat-
ment was investigated in 54 obliterated incisors treated for

6 mo 8 mo 10 mo 18 mo 4 yr

Fig. 22.70 Internal root canal resorption in a luxated and root filled central incisor. At controls 6, 8 and 10 months after filling of the root canal with
gutta-percha, a progressive internal root canal is seen in relation to an accessory root canal in the apical area of the tooth (arrow). The root canal was
treated with calcium hydroxide and after 18 months filled with gutta-percha. There is no extrusion of the filling material into the periodontal space
through the previous accessory canal.
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2yr 3yr 5yr A

B C

Fig. 22.71 Radiographic and histo-
logic appearance of bony ingrowth
into the pulpal lumen. There is increas-
ing infraposition of the tooth at 2 and
5 year controls after injury. Histologic
appearance of bone ingrowth into
pulpal lumen of an intruded and sub-
sequently infrapositioned incisor, 3
years after injury. A. Low power view
of the extracted tooth. Note ingrowth
of the bone into the root canal. ×3. B.
Internal ankylosis. ×40. C. Internal
periodontal ligament. ×40.

1 mo 4 mo 9 mo 18 mo 6 yr

B

CA

Fig. 22.72 Irregular hard tissue for-
mation in the pulpal lumen of a
luxated immature incisor with subse-
quent pulp necrosis. Six years after
injury, a deep carious lesion (black
arrow) and a periapical radiolucency is
seen. A. Low power view of the
extracted tooth. Note arrested normal
root development, according to extent
of development at time of injury
(arrows), and irregular formation of
hard tissue in the pulpal lumen con-
taining islands of soft, inflamed and
necrotic tissue. ×7. B. Connection
between necrotic pulp and chronically
inflamed periodontal space. ×10. C.
Areas of dystrophically calcified tissue
are surrounded by the irregularly
formed dentin. ×50.
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0 d 1 yr 2 yr 3 yr 4 yr

Fig. 22.73 Radiographic appearance of the gradually diminished pulpal lumen by apposition of hard tissue on dentinal walls. A luxated incisor at the
time of injury and 1, 2, 3 and 4 years afterwards.

0 d 3 yr 8 yr 12 yr 16 yr

Fig. 22.74 An incisor with reduced pulpal lumen and pulp necrosis due to a deep carious lesion. Periapical healing can be seen 4 years after root canal
treatment. From CVEK et al. (134) 1982.

0 d 6 mo 5 yr 5   yr2
1– 9 yr

Fig. 22.75 Endodontic treatment of an incisor with reduced pulpal lumen and pulp necrosis due to a secondary trauma. The tooth was crown fractured
in a new injury 5 years after the initial injury. Root canal treatment was performed at this time. Six months later, periapical radiolucency has developed.
At the 4-year control after root canal treatment (9 years after initial injury), periapical healing is evident.
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periapical lesions (127). The root canal could be found in all
teeth but one, although no or only a hairline canal was
visible in preoperative radiographs. During treatment, frac-
ture of a file or perforation of the root occurred in 10 teeth;
but in only 5 of these teeth a complication resulted in a
failure. Periapical healing was seen in 80% of 55 teeth, 4
years after treatment. Thus, considering the low frequency
of late periapical osteitis and relative accessibility of these
teeth for endodontic treatment (including surgical retro-
grade filling techniques), routine endodontic intervention in
teeth with ongoing obliteration of the root canal does not
seem justified. However, such prophylactic endodontic
treatment intervention could be considered in crown-
fractured teeth in which a post in the root canal is necessary
for future restoration.

Treatment

Mechanical preparation of an obliterated root canal requires
patience and cannot be forced. Just locating the root canal
may take more than one appointment. A cavity is prepared
through the oral surface to the level of the cervical part of
the root. Control radiographs taken after injury may be of
help with respect to the level in the root at which the canal
can be expected. After the access cavity has been rinsed, the
canal is patiently sought with the thinnest file. If the canal
cannot be found, the cavity is prepared a step further and
the search continued. Sometimes, a change in the color of
dentin in the center of the root will indicate the position of
the canal (Fig. 22.76). The use of a contrast medium, e.g.
10% potassium iodine, can sometimes disclose a root canal
which could not be seen in earlier radiographs (128). A
cotton pellet is soaked in the contrast medium and placed
in the cavity, which is then sealed with zinc oxide-eugenol
cement, supplied with firm pressure for 10 seconds to facil-
itate penetration of the contrast medium into the root canal
(Fig. 22.77). Thereafter, at least two radiographs are taken at
different angulations in order to establish the position of the
root canal. An operating microscope, which can magnify the

base of the cavity, may also help in locating the root canal
(266).

When the entrance to the canal has been found, further
reaming should be performed step by step, carefully and
without unnecessary pressure, in order to avoid fracture of
the file. It is important that the thinnest file be used to track
the root canal all the way to the apical foramen (Fig. 22.78).
A too early change to a larger file may lead to a false route
or may complicate further treatment by pressing dentin
debris in the root canal. To avoid obturation of the canal
with dissolved dentin, solutions capable of dissolving hard
tissue should not be used at an early stage of treatment.
However after the root canal has been reamed to the apical
area, ethylene diamine tetra-acetic acid can be used to facil-
itate widening of the canal. It is not necessary to remove all
hard tissue formed after injury; just enough to assure an
adequate root canal filling with gutta-percha and a sealer
(Fig. 22.78).

Prognosis

The prognosis for successful endodontic treatment of inci-
sors with pulp canal obliteration, pulp necrosis and periapi-
cal involvement has been found to be 80% (127).

Fig. 22.76 Preparation for root canal treatment of an incisor with an
obliterated pulpal lumen. An area of discolored dentin (arrow) indicates
the location of the obliterated root canal.

Fig. 22.77 Use of 10% potassium iodide as contrast medium for dis-
closing the root canal. In a lateral incisor, the contrast is seen in the root
canal that was not visible radiographically prior to treatment. From HAS-
SELGREN & STRÖMBERG (128) 1976.
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Crown malformations

Pathology

Impact from a displaced primary incisor can be the cause of
mineralization disturbances in developing permanent suc-
cessors, which later may assume various morphologic devi-
ations (129–131) (Figs 22.79 and 22.80) (see also Chapter
20, p. 542). Soft tissue inclusions in hypomineralized dentin
and malformations in dilacerated teeth may serve as path-
ways for rapid bacterial penetration, from plaque or a
carious lesion, towards the pulp (Fig. 22.79).

Inflammation and subsequent necrosis of the pulp may
occur already during or soon after eruption, when hypomin-
eralized dentin or the dilacerated part of the crown or root
comes into contact with the oral environment (132, 133)
(Fig. 22.79).

Treatment

To avoid involvement of the pulp and ensure further root
development, it is important that defects in the crown, espe-
cially those in which hypomineralized dentin is not covered
with enamel, are treated as soon as possible after eruption.
Hypoplastic lesions should be cleaned, eventually treated
with calcium hydroxide, and thereafter restored e.g., with
glass ionomer cement and/or composite resin (Fig. 22.80).

In crown-dilacerated teeth, there is always a fissure
present, according to the site of dilaceration, through which
bacteria can enter the invaginated part of the tooth. This
fissure should be enlarged, the bottom carefully cleaned and
thereafter the cavity restored with a composite material (Fig.
22.81).

Non-vital teeth can be treated by conventional endodon-
tic procedures if the root canal is accessible for treatment

9 yr 9 yr 9 yr 9 yr 13 yr

Fig. 22.78 Endodontic treatment of a central incisor with complete pulp canal obliteration. Note progressive diminution of the pulpal lumen by hard
tissue after a luxation injury. Periapical radiolucency developed 9 years after injury. The root canal was found and carefully reamed using the finest files.
Periapical healing is evident 4 years after root canal filling with gutta-percha. From CVEK et al. (127) 1982.

P

Fig. 22.79 Periapical radiolucency in crown-dilacerated incisor 18 months after eruption. A histologic section of the extracted tooth shows a pathway
via the dilaceration for bacterial penetration to the pulp canal (P) resulting in a pulp necrosis (arrow). ×2.5 and 15.
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and the root sufficiently developed to support an eventual
crown restoration (Fig. 22.82).

Discoloration of non-vital teeth

Discoloration of the crown caused by intrapulpal bleeding 
is a relatively common sequel to luxation injuries. A pink 
discoloration that occurs shortly after the injury, i.e. within
2–3 days, can be reversible (68, 79, 80, 207, 208). Extravasated
blood can be resorbed, tissue damage repaired and the crown
can regain its natural color. On the other hand, a persistent
or later appearing discoloration, especially with a shade of
grey, indicates irreversable changes, i.e. necrosis of the pulp.

Discoloration of the crown may occur and persist without
radiographic changes. However, for esthetic reasons, a severe
discoloration can per se be considered an indication for
endodontic treatment, in order to make bleaching of the
crown or other treatment solutions possible (267).

Pathology

In traumatized teeth, a persistent discoloration of the clini-
cal crown has been ascribed to hemorrhage and/or decom-
posistion of pulp tissue and presence of bacteria in the
pulpal chamber. After lysis of extravasated erythrocytes in a
necrotic pulp, the released hemoglobin breaks down to var-
iously colored substances, such as hematoidin, hematopor-
phyrin and hemosiderin which, after diffusion into the

0 d 3 wk 2 mo 4 yr

Fig. 22.80 Treatment of permanent incisor with external enamel and dentin hypoplasia, due to the impact from luxated predecessor. Large hypomin-
eralized area in the crown of a newly erupted incisor. The external hypoplasia was treated with calcium hydroxide and temporarily restored with a stain-
less steel crown. Four years after subsequent restoration with a composite material, root formation is complete.

A

C

B

D

Fig. 22.81 Restoration of mal-
formed crowns of two permanent
incisors. A and B. Dilacerated
crown of central incisor and
hypoplastic crown of the lateral
incisor. C. Preparation of the
palatal fissure. D. The hypoplastic
areas and the base of the palatal
cavity were covered with hard
setting calcium hydroxide and the
crowns restored with a composite
using an acid-etch technique.
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dental tubules, cause discoloration of dentin. In the event of
infection, bacteria produce hydrogen sulphide which may
combine with iron from hemoglobin and form iron sul-
phide, a black compound that further enhances discol-
oration (267, 268). The treatment of discoloration is
described in Chapter 33.

Essentials

Crown fractures with pulp exposure

The exposed pulp can be treated with capping, partial
pulpotomy, cervical pulpotomy or pulpectomy.

Pulp capping (Fig. 22.11)

Indicated in mature and immature teeth when exposure is
minimal and can be treated soon after injury; i.e. within 24
hours.

(1) Isolate with rubber dam and wash with saline.
(2) Cover the exposed pulp with calcium hydroxide and the

exposed dentin with a liner. When using a hard-setting
calcium hydroxide, both pulp and dentin are covered
with the compound.

(3) Restore the crown with a composite using acid-etch
technique or another type of restoration, e.g. porcelain
laminate veneer.

(4) If immediate restoration is not possible, restore the
tooth temporarily, with a glass ionomer cement or a
temporary crown cemented with zinc oxide-eugenol
cement. If the tooth is incorporated in a splint, cover the
fracture surface with glass ionomer cement before the
splint is adapted.

(5) Follow-up: clinical and radiographic controls after 6
months, 1 year and annually for a minimum of 3 years.

Prognosis: pulp healing in 71–88%.

Partial pulpotomy (Fig. 22.12)

Indicated in mature and immature teeth showing vital 
pulp tissue at the exposure site, irrespective of its size and
interval between injury and treatment. When the pulp is
necrotic or demonstrates impaired vascularity, consider 
cervical pulpotomy in immature or pulpectomy in mature
teeth.

(1) Administer local anesthesia.
(2) Isolate with a rubber dam and wash with a mild disin-

fectant.
(3) Amputate the pulp together with surrounding dentin to

a depth of about 2 mm below the exposure site with a
diamond bur in high-speed contra-angle hand-piece,
using a continuous water spray. Cut intermittently, for
brief periods and without unnecessary pressure.

(4) Await hemostasis.
(5) Cover the wound with calcium hydroxide and seal the

cavity. If the crown is to be immediately restored with a
composite material, seal the coronal cavity with zinc
sulphate cement according to Prader (186) (consists of
two parts: part a: zinc oxide 300 g; part b: zinc sulphate
150 g, boric acid 1 g and distilled water 120 ml; mix parts
a. and b. to a paste consistency). If the crown is restored
temporarily, seal the cavity with zinc oxide-eugenol
cement.

(6) Follow-up: clinical and radiographic controls after 6
months, 1 year and annually for at least 3 years.

Prognosis: pulp healing in 94–96%.

2 mo 2 yr 2   yr2
1–

2
1–4    yr

Fig. 22.82 Endodontic treatment of malformed permanent incisor with pulp necrosis. Cervical dilaceration of the tooth (arrow) was noted 2 months
after the intrusive luxation of primary incisor which later was removed. Six months after eruption of permanent incisor, periapical radiolucency was
observed. After root canal treatment, periapical healing has taken place.
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Cervical pulpotomy (Fig. 22.17)

Indicated for immature teeth when necrotic tissue or obvi-
ously impaired vascularity is seen at the exposure site.

(1) Administer local anesthesia.
(2) Isolate with a rubber dam and wash with a mild 

disinfectant.
(3) Amputate the pulp to a level at which fresh bleeding is

encountered, usually in the cervical region. Due to
problems of inadequate cooling of a diamond bur run
at high speed, a round bur at low speed should be used.

(4) Await hemostasis.
(5) Cover the pulp with calcium hydroxide and seal the

coronal cavity. If the crown is restored immediately with
a composite resin, seal the cavity with Prader’s sulphate
cement, otherwise with zinc oxide-eugenol cement.

(6) Follow-up: clinical and radiographic controls after 6
months, 1 year and annually to completion of root
development. Consider then eventual further endodon-
tic or prosthetic treatment.

Prognosis: pulp healing in 72–79%.

Pulpectomy

Indicated in mature teeth when necrotic tissue or impaired
pulp vascularity is seen at the exposure site, or when exten-
sive loss of crown substance indicates restoration with a post
in the root canal.

(1) Administer local anesthesia.
(2) Isolate with a rubber dam and wash with a mild 

disinfectant.
(3) Amputate the pulp 1–2 mm from the apical foramen.
(4) Clean the root canal mechanically while constantly

flushing with saline or 0.5% sodium hypochlorite 
solution.

(5) Obturate the root canal with gutta-percha, using resin-
chloroform, chloropercha or another sealer.

(6) Follow-up: clinical and radiographic controls after 6
months, 1 year and annually for a minimum of 4 years.

Prognosis: periapical healing in 90%.

Root fractured teeth

Root canal treatment of coronal fragment is performed
when the pulp in the apical fragment is vital.

(1) When the anatomy of the root canal permits adequate
obturation, i.e. a narrow or tapering root canal, it may
be treated and filled conventionally with gutta-percha
and a sealer.

(2) When the root canal and/or the space between the 
fragments are wide, the initial treatment is with 
calcium hydroxide in order to induce formation of a
hard tissue barrier at the fracture site of coronal 
fragment before filling with gutta-percha. (For 
more specific procedures, see treatment of non-vital
immature teeth.)

Root canal treatment of both fragments is performed
when the pulp is necrotic in both fragments and the space
between the fragments is narrow.

Root canal treatment of coronal fragment and surgical
removal of apical fragment is performed when the root canal
in a non-vital apical fragment is not accessible for treatment.

Prognosis:

• Filling with gutta-percha of both fragments: no healing
• Filling of only coronal fragment with gutta-percha:

healing in 76%
• Filling of coronal fragment with gutta-percha and removal

of apical fragment, healing in 68%
• Treatment of coronal fragment with calcium hydroxide

and following filling with gutta-percha: healing in 86%.

Luxated or replanted teeth with pulp necrosis

Immature permanent teeth (Fig. 22.47)

(1) Isolate with a rubber dam and wash with a 
disinfectant.

(2) Establish access to the root canal.
(3) Remove necrotic pulp with a barbed broach; clean the

walls of the root canal using large files and a copious
flow of 0.5% sodium hypochlorite solution.

(4) Fill the root canal with calcium hydroxide using a
lentulo spiral or a syringe with a special cannula. Seal
the coronal cavity with zinc oxide-eugenol cement.

(5) In cases of acute periapical osteitis and swelling, treat
the root canal with, e.g., 2% potassium iodine; even-
tually administer antibiotics for 7 days before filling
with calcium hydroxide.

(6) Control radiographically at 3- to 6-month intervals. If
radiographic signs of healing are not present, the root
canal should be retreated and refilled with calcium
hydroxide. Furthermore, when the level of calcium
hydroxide in the root canal retracts to the cervical part
of the canal, it should be refilled with calcium 
hydroxide.

(7) Permanent filling with gutta-percha is completed
when follow-up examination shows periradicular
healing, including arrested inflammatory root resorp-
tion, and an apical hard-tissue barrier which clinically
is found to be continuous.

(8) Choose the thickest gutta-percha point that can easily
fit to the apical barrier.

(9) Warm the tip of the gutta-percha point by passing it
once through an alcohol flame; introduce it immedi-
ately into the root canal and press it steadily but not
too hard against the apical barrier (Fig. 22.52).

(10) Verify the position with a control radiograph.
(11) Fill the root canal completely with additional gutta-

percha points using lateral condensation.
(12) Follow-up: clinical and radiographic controls after 6

months, 1 year and annually for at least 4 years.

Prognosis: periapical healing and formation of an apical hard
tissue barrier in 75–96%.
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Mature permanent teeth

(1) Isolate with a rubber dam and wash with a disinfectant.
(2) Establish access to the root canal.
(3) Remove necrotic pulp with a barbed broach and clean

the canal mechanically with files and a copious flow of
0.5% sodium hypochlorite solution.

(4) After antibacterial treatment, e.g. with 2 % potassium
iodide, fill the root canal with gutta-percha, using resin-
chloroform or a sealer. If periapical healing is desired
before filling with gutta-percha, or if inflammatory root
resorption is present, the tooth should be treated ini-
tially with calcium hydroxide. Permanent filling with
gutta-percha is carried out when follow-up examination
shows periradicular healing and arrest of the inflam-
matory processes.

(5) Follow-up: clinical and radiographic controls after 6
months, 1 year and annually for at least 4 years.

Prognosis: periapical healing in 79–95%.

Late external cervical root resorption

According to location and esthetic demands, one of the fol-
lowing treatment procedures can be chosen:

• Gingivectomy and removal of soft tissue from the resorp-
tion cavity followed by insertion of a dentin-bonded com-
posite resin or glass ionomer cement.

• A gingival flap is raised, a dentin bonded composite placed
in the resorption cavity, and the flap replaced (Fig. 22.67).

• The tooth is surgically or orthodontically extruded, there-
after the resorption defect is cleaned and repaired e.g. with
dentin-bonded composite restoration.

Prognosis: not known.

Internal resorption

Teeth with progressive internal root resorption are treated
according to common endodontic principles. In case of a
large resorption area, and in order to remove inflamed tissue
in the lesion, the following procedure can be employed 
(Fig. 22.68).

(1) Clean the root canal mechanically, flush constantly with
sodium hypochlorite and fill with calcium hydroxide.

(2) Flush the canal with sodium hypochlorite and re-fill
with calcium hydroxide at 2- to 3-week intervals until
all pulp tissue in the lesion has been dissolved, i.e. when
calcium hydroxide is radiographically seen to fill the
entire resorption cavity.

(3) Obturate the canal with gutta-percha and lateral con-
densation.

Prognosis: not known.

Pulp canal obliteration with subsequent 
pulp necrosis

Endodontic treatment is performed in teeth in which a peri-
apical radiolucency has developed.

(1) Isolate with a rubber dam and wash with a disinfectant.
(2) Establish access through the crown to the cervical part

of the root.
(3) Search for the canal with the finest file.
(4) If the canal is not found, prepare the cavity a step deeper

and continue the search.
(5) Clean the disclosed canal without unnecessary pressure,

using the thinnest file until the apex is reached (Fig.
22.78). Do not use solutions capable of dissolving
dentin.

(6) Enlarge the root canal mechanically.
(7) Fill the root canal with gutta-percha and a sealer.
(8) Follow-up: clinical and radiographic controls after 6

months, 1 year and annually for at least 4 years.

Prognosis: periapical healing in 80%.

Crown malformation with pulp necrosis

• To prevent infection of the pulp through hypomineralized
parts of the dentin, the tooth should be restored as soon
as possible.

• Non-vital teeth are treated by conventional endodontic
therapy.

References

1. S JK. The immediate response of odontoblasts to
injury. Odont T 1965;73:417–23.

2. G R, B M. Scanning electron
microscopic investigation of human dentinal tubules.
Arch Oral Biol 1976;21:355–62.

3. O L, B M, J G. Invasion of
bacteria into dentinal tubules. Experiments in vivo and
in vitro. Acta Odontol Scand 1974;32:61–70.

4. B M. Observations on exposed dentine and
corresponding pulp tissue. A preliminary study with
replica and routine histology. Odont Revy 1952;13:
253–45.

5. D AI. Response of pulpodentinal complex to
injury. In: Gorlin RJ, Goldman H. eds. Thoma’s oral
pathology. 6th edn. St. Louis: CV Mosby Co,
1970:308–34.

6. M IA, T L. The healing of experimentally
induced pulpitis. Oral Surg Oral Med Oral Pathol
1974;38:115–21.

7. B G, R C. Pulp reactions on microbial
provocation of calcium hydroxide treated dentin. Scand J
Dent Res 1980;88:187–92.

8. K S, S HR, F RJ. The effect
of surgical exposures on dental pulps in germ-free and
conventional laboratory rats. Oral Surg Oral Med Oral
Pathol 1965;20:340–9.

9. S A, P M, L V. Defense
reactions of the pulp with special reference to
circulation. An experimental study in rats. Int Dent J
1967;17:461–75.

10. L V, P M, S A. Dynamics of
repair in the pulp. J Dent Res 1966;45:519–25.



648 Chapter 22

11. C M. A clinical report on partial pulpotomy and
capping with calcium hydroxide in permanent incisors
with complicated crown fracture. J Endod 1978;4:
232–7.

12. S H, T N. Vital root amputation. A 
clinical and histologic study. J Periodontol 1976;47:
324–30.

13. C M, C-J P, A J, A JO.
Pulp reactions to exposure after experimental crown
fractures or grinding in adult monkeys. J Endod
1982;8:391–7.

14. H S, M IA. Pulp reactions to experimental
exposures in young permanent monkey teeth. Int Endod
J 1983;16:11–19.

15. F T, M T. Effect of pulpectomy on dentin
hardness. J Dent Res 1969;48:452–60.

16. T KC, C AA, A-R M. Tooth fracture
– a comparison of endodontic and restorative
treatments. J Endod 1978;4:341–5.

17. A JO. Luxation of permanent teeth due to
trauma. A clinical and radiographic follow-up of 189
injured teeth. Scand Dent Res 1970;78:273–86.

18. E G, S I, H B. A study of
traumatized permanent teeth in children aged 7–15. Part
III. A multivariate analysis of post-traumatic
complications of subluxated and luxated teeth. Svensk
Tandläk T 1976;69:179–89.

19. M JB. The healing of wounds of the dental
pulp of man. A clinical and histological study. Br Dent J
1966;120:213–24.

20. W M. Pulp capping in older patients. NY State Dent
J 1966;32:451–7.

21. H EW, S HR, C J, S

H. Direct pulp capping treatment: a long-term follow-
up. J Am Dent Assoc 1978;97:607–12.

22. H G, W H. Klinische, röntgenologische
and histologische Ergebnisse nach Vitalbehandlung der
freigelegten Pulpa. Stomat DDR 1978;28:614–19.

23. S S, B IB. The dental pulp. 2nd edn.
Philadelphia: JB Lippincott Co, 1975:356.

24. B S, A C. Effect of aging on the human
pulp. J Endod 1975;1:88–94.

25. S HR. Management of the aging patient and the
aging pulp. J Calif Dent Assoc 1978;57:25–8.

26. T PD, S H, W FS, D S. Age change
effects on the pulp in periodontitis. Ann Dent
1977;36:13–20.

27. K AA, B H, G P. Therapeutic induction of
root formation in the exposed incompletely formed
tooth with a vital pulp. Oral Surg Oral Med Oral Pathol
1977;43:755–65.

28. B C, M K. Pulpabehandling av
mjölktænder. En efterundersökning av
pulpaamputationer och överkappningar. Odont Revy
1965;6:135–62.

29. P SS. Pulp calcification due to operative
procedures – pulpotomy. Int Dent J 1967;17:
490–505.

30. M JB. The healing of wounds of the dental
pulp. An investigation of the nature of the scar tissue
and of the phenomena leading to its formation. Dent
Pract 1966;16:325–39.

31. G L-E, H G. Experimental pulpotomy in
human bicuspids with reference to cutting technique.
Acta Odontol Scand 1971;29:155–63.

32. Z HA. Reaction of the pulp to calcium hydroxide.
J Dent Res 1939;18:373–9.

33. G RL, Z HA. Pulp healing. J Dent Res
1949;28:97–107.

34. M I, H G, H LE. Effect of
formaldehyde-containing drugs on human dental pulp
evaluated by enzyme histochemical technique. Scand J
Dent Res 1976;84:29–36.

35. S U, G L-E. Early reaction of intact
human teeth to calcium hydroxide following
experimental pulpotomy and its significance to the
development of hard-tissue barrier. Odont Revy
1971;22:379–96.

36. S U. Reaction of human dental pulp to
experimental pulpotomy and capping with calcium
hydroxide. Odont Revy 1973;24:(Suppl 25):1–97.

37. S HR, L T. Dycal therapy for pulp
exposures. Oral Surg Oral Med Oral Pathol
1972;34:818–27.

38. T L, M IA. Capping of the inflamed pulp.
Oral Surg Oral Med Oral Pathol 1972;34:477–85.

39. B M, N H, S T.
Experiments with pulp capping. Oral Surg Oral Med
Oral Pathol 1979;48:347–52.

40. S U. Effect of extra-pulpal blood clot on
healing following experimental pulpotomy and 
capping with calcium hydroxide. Odont Revy
1973;24:257–68.

41. C RI, M OA, M EE. Internal
resorption of dentine. Histopathologic control of eight
cases after pulp amputation and capping with calcium
hydroxide. Oral Surg Oral Med Oral Pathol 1957;
10:90–6.

42. J VE, E HR, M M. Histologic
response of amputated pulps to calcium compounds and
antibiotics. Oral Surg Oral Med Oral Pathol
1957;10:975–86.

43. M JB. Internal resorption of dentine. A
complication arising from unhealed pulp wounds. Br
Dent J 1965;118:241–9.

44. S U, G L-E. On internal dentin
resorption in deciduous molars treated by pulpotomy
and capped with calcium hydroxide. Odont Revy
1971;22:179–88.

45. M AJ, M M. Fractured anterior teeth –
diagnosis, treatment and prognosis. Dent Dig
1952;58:442–7.

46. N-Ö B. Uber die Gewebsveränderungen im
apikalen Paradentium des Menschen and
verschidenartigen Eingriffen in den Wurzelkanälen. Det
Norske Videnskaps Akademi Oslo, 1939 no.4.

47. K Y. Analysis and comparison of root canal
filling techniques. Oral Surg Oral Med Oral Pathol
1967;48:153–9.

48. E B, S L. Wound healing after partial
pulpectomy. A histologic study performed on
contralateral tooth pairs. Odont T 1967;75:5–18.

49. H R,  M MJ, N MJ, B PFE, 

S V. Reaction of human periapical tissues to pulp



Endodontic Management and the Use of Calcium Hydroxide 649

extirpation and immediate root canal filling with
calcium hydroxide. J Endod 1977;3:63–7.

50. N H. Pulpaöverkappning och vitalamputation in
permanenta tänder. In: Holst JJ, Nygaard Östby O,
Osvald O. eds. Copenhagen: Nordisk Kinisk Odontologi,
A/S Forlaget for Faglitteratur, Copenhagen, 1965
(Chapters 10–11):1–18.

51. K I. Pokrycie bezposrednie miazgi preparatem
krajowej produkcji. Czas Stomat 1960;13:375–88.

52. R JJ. Follow-up study of permanent incisors with
complicated crown fractures after acute trauma. Scand J
Dent Res 1982;90:363–72.

53. H GE, P JR. Fractured incisors treated by
vital pulpotomy. A report on 100 consecutive cases. Br
Dent J 1963;115:279–87.

54. S L-Z. The dependence of the results of pulp
therapy on certain factors. An analytic study based on
radiographic and clinical follow-up examinations. Acta
Odont Scand 1956;14: (Suppl 21).

55. G LI, S LI, P LA.
Roentgenologic and clinical evaluation of endodontically
treated teeth. Oral Surg Oral Med Oral Pathol
1964;17:368–74.

56. A JO, R DC. Success rate for root fillings in
young patients. A retrospective analysis of treated cases.
Br Dent J 1976;141:237–41.

57. G H, H L. The prognosis of pulp and
root canal therapy. A clinical and radiographic follow-up
examination. Odont Revy 1961;12:146–65.

58. A JO, H-H E. Intraalveolar root
fractures: radiographic and histologic study of 50 cases. J
Oral Surg 1967;25:414–26.

59. L B. Transverse intra-alveolar root fractures:
Roentgen diagnosis and prognosis. Odont Revy
1963;9:10–24.

60. A JO. Relationship between surface and
inflammatory root resorption and pathologic changes in
the pulp after replantation of mature incisors in
monkeys. J Endod 1981;7:194–301.

61. M AE. Root fractures. A report of
radiographic healing after endodontic treatment. Oral
Surg Oral Med Oral Pathol 1963;16:1242–8.

62. F G, S G, N PJ. Endodontic
treatment of traumatized tooth. Oral Surg Oral Med
Oral Pathol 1966;21:100–12.

63. M AE, M JP, A-R M.
Cementogenic repair of root fractures. J Am Dent Assoc
1971;82:569–79.

64. A JO. Treatment of fractured and avulsed
teeth. ASDC J Dent Child 1971;38:29–48.

65. C M. Treatment of non-vital permanent incisors
with calcium hydroxide. IV. Periodontal healing and
closure of the root canal in the coronal fragment of
teeth with intra-alveolar fracture and vital apical
fragment. Odont Revy 1974;25:239–45.

66. R JJ. En klinisk og radiologisk undersøgelse of 55
rodfrakturer i unge permanente incisiver. Tandlægebladet
1976;80:391–6.

67. A T. Histopathologic studies of traumatized teeth.
Odont T 1962;70:91–117.

68. A T, H B, S-H I.
The pulpal reaction in traumatized permanent 

incisors in children aged 9–18. Odont T 1967;75:
130–47.

69. S HR, W MI, M AE,
B R. Ischemic infarction of the pulp: sequential
degenerative changes of the pulp after traumatic injury. J
Endod 1978;4:325–35.

70. H G, L A, R L. Pulpal status
after autogenuous transplantation of fully developed
maxillary canines. Oral Surg Oral Med Oral Pathol
1977;44:106–12.

71. M PCH, T  V SK,  

H A. Response of the living organism to dead and
fixed dead, enclosed isologous tissue. Oral Surg Oral Med
Oral Pathol 1978;46:131–44.

72. G LI. Origin of micro-organisms in
traumatized, pulpless, sound teeth. J Dent Res
1967;46:551–3.

73. B G. Micro-organisms from necrotic pulps
of traumatized teeth. Odont Revy 1974;25:347–58.

74. S G. Bacteriological studies of necrotic dental
pulps. Umeå: Umeå University Odontological
Dissertations, No 7, 1976:1–94.

75. R JJ, H M. Replantation of akcidentelt
exartikulerede tinder. Tandlægebladet 1966;70:
805–15.

76. F AL. Therapy for the divergent pulpless
formation. J Am Dent Assoc 1966;72:87–93.

77. R DC, W GB. Root growth and apical repair
subsequent to pulpal necrosis in children. Br Dent J
1966;120:586–90.

78. H GS. Stimulation of root formation in
incompletely developed pulpless teeth. Oral Surg Oral
Med Oral Pathol 1970;29:620–30.

79. MD RE, A DR. Dentistry for the child and
adolescent. 3rd edn. St. Louis: CV Mosby Co, 1978:
640.

80. H R. Die Bedeutung, Beurteilung and Behandlung
beim Trauma in Frontzahngebiet vom Standpunkt des
Kieferorthopäden. Dtsch Zahnärtzl Z 1958;13:42–51.

81. S U, W E, G L-E, M H.
Traumatized primary incisors follow-up program based
on frequency of periapical osteitis related to tooth color.
Swed Dent J 1977;1:95–8.

82. S S, B IB, Z M. The dynamics of pulp
inflammation: correlations between diagnostic data and
actual histologic findings in the pulp. Oral Surg Oral
Med Oral Pathol 1963;16:846–71.

83. M JM. Pain reception threshold in stimulating
human teeth and histologic condition of the pulp. Br
Dent J 1967;123:427–33.

84. S S. Vitalitetsprövning med elektrisk ström av
incisiver i olika genombrottsstadier. Svensk Tandläkare
Tidskrift 1950;43:83–6.

85. S V. The prognosis of young loosened teeth after
mechanical injuries. Acta Odont Scand 1960;18:181–8.

86. M B, H A-K. Traumatized permanent
teeth in children – a follow-up. I. Pulpal complications
and root resorption. Svensk Tandläkare Tidskrift
1969;62:61–70.

87. Ö A. Healing and sensitivity to pain in young
replanted teeth. An experimental, clinical and
histological study. Odont T 1965;73:165–228.



650 Chapter 22

88. J I, K K. Long-term prognosis of
traumatized permanent anterior teeth showing calcifying
processes in the pulp cavity. Scand J Dent Res
1977;85:588–98.

89. R A. Calxyl als Wurzelfüllungsmaterial nach
Pulpaextirpation. Schweiz Monatschr Zahnheil
1940;50:903–48.

90. H GS. Calcium hydroxide in the treatment of
pulpless teeth with associated pathology. J Br Endod Soc
1962;8:74–93.

91. M DM, C HSM. Calcium hydroxide in root
canal therapy. A review. Br Dent J 1977;142:277–83.

92. H A, S M. Zur Therapie der
chronisch apikalen Paradontitis bei traumatisch
beschädigten Frontzähnen mit nicht abgeschlossenen
Wurzelwachstum. Dtsch Zahnärtzl Z 1977;32:453–9.

93. C M. Treatment of non-vital permanent incisors
with calcium hydroxide. I. Follow-up of periapical repair
and apical closure of immature roots. Odont Revy
1972;23:27–44.

94. K K, H S, J I. Follow-up
examination of endodontic treatment in traumatized
juvenile incisors. J Endod 1980;6:744–8.

95. C M, S B. Treatment of non-vital
permanent incisors with calcium hydroxide. V.
Histologic appearance of roentgenologically
demonstrable apical closure of immature roots. Odont
Revy 1974;25:379–92.

96. H S, K K. Endodontisk behandling av
rotöpne permanente incisiver. En histologisk
undersökelse over hårdvevsdannelse etter rotfylling med
kalsiumhydroxid. Norske Tandlägeforen Tid
1977;87:426–30.

97. H R,  S V, T RT, M LA.
Healing processes of teeth with open apices: histologic
study. Bull Tokyo Dent Coll 1971;12:333–8.

98. D JJ. Apical closure of non-vital teeth. Oral Surg
Oral Med Oral Pathol 1971;32:82–9.

99. S JC,  H HJ. Experimental root
apexification in primates. Oral Surg Oral Med Oral
Pathol 1971;31:409–15.

100. H JW, P SS, M DF. Induced apical
closure of immature pulpless teeth in monkeys. Oral
Surg Oral Med Oral Pathol 1972;33:438–49.

101. H R,  S V,  C R M. Healing
processes after root canal therapy in immature human
teeth. Rev Fac Odont Aracatuba 1973;2:269–79.

102. B WH, R AHR. A histological study of the
periapical tissues of incompletely formed pulpless teeth
filled with calcium hydroxide. J Dent Res 1973;52:
1110–16.

103. C L. Die Lebenderhaltung der Pulpa in der
konservierenden Zahnheilkunde. Munchen: Carl Hanser
Verlag, 1953:1–127.

104. M S, K K. Histopathological and
histobacteriological studies of the relation between the
condition of sterilisation of the interior of the root canal
and the healing process of periapical tissues in
experimentally infected root canal treatment. Bull Tokyo
Dent Coll 1960;1:1–19.

105. C M, H L, N C-E. Treatment of
non-vital permanent incisors with calcium hydroxide.

VI. A clinical, microbiological and radiological
evaluation of treatment on one sitting of teeth with
mature and immature roots. Odont Revy 1976;27:
93–108.

106. V AA, M LB. Calcium hydroxide induced
healing of periapical lesions. A study of 78 non-vital
teeth. J Br Endod Soc 1978;11:61–9.

107. F AL, W FS. Non-surgical therapy for the
perforative defect of internal resorption. J Am Dent Assoc
1973;87:863–8.

108. S GG. Calcium hydroxide-induced root healing. J
Am Dent Assoc 1975;90:793–800.

109. L-H L, L A. Kofferdam.
Tandlægebladet 1967;81:714–16.

110. F A. The treatment of immature teeth with non-
vital pulps. J Br Endod Soc 1967;1:28–33.

111. T CD, S JS, G P. Biologic effects of
endodontic procedures on developing incisor teeth. III.
Effect of debridement and disinfection procedures in
treatment of experimentally induced pulp and 
periapical disease. Oral Surg Oral Med Oral Pathol
1973;35:532–40.

112. T CD, S JS, G P. Biologic effects of
endodontic procedures on developing incisors teeth. II.
Effect of pulp injury and oral contamination. Oral Surg
Oral Med Oral Pathol 1973;35:378–88.

113. C M, N C-E, H L. Antimicrobial effect
of root canal debridement in teeth with immature root.
Odont Revy 1976;27:1–10.

114. S L, R M, R E. Biologic effects
of endodontic antimicrobial agents. J Endod 1979;
5:166–75.

115. H R, N MJ,  M W,  S V,
B PFE, O F JA. Root canal treatment
with calcium hydroxide. I. Effect of overfilling and
refilling. Oral Surg Oral Med Oral Pathol 1979;47:
87–92.

116. H R, N MJ,  M W,  S V,
B PFE, O F JA. Root canal treatment
with calcium hydroxide. III. Effect of debris and pressure
filling. Oral Surg Oral Med Oral Pathol 1979;47:185–8.

117. T CD, S JS, G P. Biologic effects of
endodontic procedures in developing incisor teeth. IV.
Effect of parachlorophenol paste in the treatment of
experimentally induced pulp and periapical disease. Oral
Surg Oral Med Oral Pathol 1973;35:541–4.

118. S TH, N E. Guttapercha techniques 
for filling canals of young permanent teeth after
induction of apical root formation. J Br Endod Soc
1972;5:35–9.

119. A JO, H-H E. Replantation of
teeth. II. Histological study of 22 replanted anterior teeth
in humans. Acta Odont Scand 1966;24:287–306.

120. C M. Treatment on non-vital permanent incisors
with calcium hydroxide. II. Effect on external root
resorption in luxated teeth compared with effect of
root filling with gutta percha. Odont Revy 1973;24:
343–54.

121. L J, E J. Deep external resorption:
treatment by combined endodontic and surgical
approach. A report of 2 cases. Int Dent J 1974;2:
203–6.



Endodontic Management and the Use of Calcium Hydroxide 651

122. S I. Permanenta tänder med reducerat
pulpalumen som följd av olycksfallsskada. Svensk
Tandläkare Tidskrift 1971;64:311–16.

123. P SS, M DF. Calcific metamorphosis of
the dental pulp. Oral Surg Oral Med Oral Pathol
1965;20:94–101.

124. F C-H. Hard tissue formation of the pulp in
relation to treatment of traumatic injuries. Int Dent J
1974:24:387–96.

125. H JB, G WB Jr. Calcific metamorphosis
of the pulp: its incidence and treatment. Oral Surg Oral
Med Oral Pathol 1967;24:825–30.

126. L M, C M. A light microscopy study of
pulps from traumatized permanent incisors with
reduced pulpal lumen. Acta Odont Scand 1980;38:89–94.

127. C M, G L-E, L M. Failures and
healing in endodontically treated non-vital anterior teeth
with posttraumatically reduced pulpal lumen. Acta
Odont Scand 1982;40:223–8.

128. H G, S T. The use of iodine as a
contrast medium in endodontic therapy. Oral Surg Oral
Med Oral Pathol 1976;41:785–8.

129. C CR. Traumatic injury to unerupted incisors
following a blow to the primary teeth. J Can Dent Assoc
1959;25:752–62.

130. C DE. The reaction of permanent tooth buds 
to injury. Oral Surg Oral Med Oral Pathol 1971;32:
832–9.

131. A JO, S B, R JJ. The effect of
traumatic injuries to primary teeth on their permanent
successors. I. A clinical and histologic study of 117
injured permanent teeth. Acta Odont Scand
1971;79:219–83.

132.  G AV. Injury to the permanent tooth germ after
trauma to the deciduous predecessor. Oral Surg Oral
Med Oral Pathol 1973;35:2–12.

133. S M. Pourazowe znieksztalcenie przednich
zebów stalych i zwiazane z tym trudnosci leczmeze. Czas
Stomat 1973;26:855–60.

134. W J, B G. Healing capacity of
human and monkey dental pulps following
experimentally induced pulpitis. Endod Dent Traumatol
1986;2:256–62.

135. B G. Relationship between bacterial
contamination of dentin and restorative success. In:
Rowe NH. ed. Proceedings of symposium: Dental pulp –
reactions of restorative materials in presence or absence of
infection. Michigan: University of Michigan, School of
Dentistry, 1982.

136. S JC. Dentin bonding in perpective. Am J Dent
1988;6:(Spec Issue):173–5.

137. R JS, J PH, K-K E. The
current status of composite materials and adhesive
systems. Part 4. Some clinically related research. Rest
Dent 1990;6:4–8.

138. H-B P. Monkey pulp reactions to cavities
treated with Gluma dentin and restored with a
microfilled composite. Scand J Dent Res 1987;95:347–55.

139. C CG, F D, B G. Histopathological
response of infected cavities treated with Gluma and
Scotchbond dentine bonding agents. Am J Dent
1988;6:(Spec Issue):189–94.

140. A JO. Periodontal healing after replantation of
traumatically avulsed human teeth. Assessment by
mobility testing and radiography. Acta Odontol Scand
1975;33:325–35.

141. S HR, B RL, C EN. Pulp responses to a
dentin and enamel adhesive bonding procedures. Oper
Dent 1988;13:107–13.

142. C AA, B RL, A J. Pulpal response to
a dentin and enamel bonding system. Dent Mater
1988;4:144–6.

143. F C, B JL. Biocompatibility of
an enamel and dentin adhesive under different
conditions of applications. Quintessenz Int
1988;19:813–26.

144. F D, B G, C C. Inhibition of
bacterial growth under composite restorations following
Gluma pretreatment. J Dent Res 1989;68:1–5.

145. V A, H J. Produits adhésifs dentinaires et
de scellement soumis au contrôle biologique in vivo. J
Biol Buccale 1989;17:209–24.

146. B RL, R NW, E FC, S HR.
Clinical biocompatibility of an experimental dentine-
enamel adhesive for composites. Int Dent J
1989;39:247–52.

147. B RL, R NW, S HR, B RL.
Pulpal and micro-organisms response to two
experimental dental bonding systems. Dent Mat
1989;5:140–4.

148. L S-A, N JG, W J. Marginal
bacterial leakage and pulp reactions in Class II
composite resin restorations in vivo. Swed Dent J
1990;14:185–92.

149. G AR, A A, S WP. The effects on the
dental pulp of a composite resin and two dentin
bonding agents and associated bacterial microleakage.
Int Endod J 1991;24:108–18.

150. E R, P C, B J. A histologic study
of the biocompatiliblity of a dentinal bonding system.
Quintessenz Int 1991;22:901–10.

151. W J, R B, H K-G. Effect of
calcium hydroxide treated dentin on pulpal responses.
Int Endod J 1987;20:183–93.

152. P DH, K S, B D. The effects of
calcium hydroxide dentin permeability. J Dent Res
1986;65:417–20.

153. M B, M I, E S. Acid etching and
composite resin restorations. A culturing and histologic
study on bacterial penetration. Endod Dent Traumatol
1987;3:1–5.

154. A FM, N JG, A JO,
E S, L-S U. Long-term
survival of fragment bonding in the treatment of
fractured crowns: a multicenter clinical study. Quintess
Int 1995;26:669–81.

155. R A, A FM, A JO, N

JG. Long-term prognosis of crown fractured permanent
incisors: the effect of stage of root development and
associated luxation injury. Int J Paediatr Dent
2000;10:191–9.

156. C M. Results after partial pulpotomy in crown
fractured teeth 3–15 years after treatment. Acta Stomatol
Croat 1993;27:167–73.



652 Chapter 22

157. C CF, B G, F M, H DR,
A JK, B JA. Capping of the dental pulp
mechanically exposed to the oral microflora – a 5 week
observation of wound healing in monkey. J Oral Pathol
1982;11:327–39

158. H BW: Biologische Wurzelbehandlung. Frankfurt
am Main: von Kramer Co, 1936:272.

159. F PC, B IE. A review of calcium
hydroxide. Int Endod J 1990;23:83–97.

160. C M, G L, C-J P, A J. Hard
tissue barrier formation in pulpotomized monkey teeth
capped with cyanoacrylate or calcium hydroxide for 10
and 60 minutes. J Dent Res 1987;66:1166–74.

161. G L. Pulp capping materials. In: Smith DC,
Williams DF. eds. Biocompatibility of dental materials,
Vol. II. Boca Raton, FL: CRC Press Inc., 1982:253–67.

162. C CF, K HJ, O E, B G.
Biocompatibility of surface-sealed dental materials
against exposed pulps. Prosthet Dent 1987;57:1–8.

163. H DR, F RJ, H RJ, C DJ. Healing
of primate dental pulps capped with Teflon. Oral Surg
Oral Med Oral Pathol 1990;69:227–37.

164. G TM, R DM, B BD. The effects of
calcium hydroxide on bovine pulp tissue: Variations in
pH and calcium concentration. J Endod 1985;11:
156–60.

165. T L. Reaction of the exposed pulp to Dycal
treatment. Oral Surg Oral Med Oral Pathol
1974;34:477–85.

166. H DR, H RJ, C CF, A JK. The response of
four calcium hydroxides on monkey pulp. J Oral Pathol
1989;9:372–9.

167. C CF, B G, H DR, S SA,
F M, H RJ. Pulp capping of dental pulp
mechanically exposed to oral microflora: a 1–2 year
observation of wound healing in the monkey. J Oral
Pathol 1985;14:156–68.

168. S U. Effects of calcium hydroxide-containing
pulp capping agents on pulp cell migration, proliferation
and differentiation. J Dent Res 1985;64:(Spec
issue):541–8.

169. S S, B IB. The dental pulp. Biologic
considerations in dental procedures. 3rd edn. Philadelphia:
JB Lippincott Co, 1984:356.

170. B D, C FA, L MP, B LJ.
Pulpal response to isobutyl cyanoacrylate in human
teeth. J Am Dent Assoc 1971;83:140–5.

171. H DR, C CF, H RJ, A JK. Histological
considerations of direct pulp capping agents. J Dent Res
1981;60:1371–9.

172. H AL, K JF, B JD, M RC,
D TD. Direct pulp capping of permanent teeth
in primates using resorbable form of tricalcium
phosphate ceramics. J Endod 1975;1:95–101.

173. F A, C A, K H, E E. Partial
pulpotomy as a treatment alternative for exposed pulps
in crown fractured permanent incisors. Endod Dent
Traumatol 1987;3:100–2.

174. C M, L M. Histological appearance of
pulps after exposure by a crown fracture, partial
pulpotomy and clinical diagnosis of healing. J Endod
1983;9:8–11.

175. M-P N, P-H A, S S. Clinical
and histological examination of young permanent teeth
after vital amputation of the pulp. Acta Stomatol Croat
1990;24:253–62.

176. H S, K K. Delayed direct pulp capping in
permanent incisors of monkeys. Int Endod J 1987;
20:65–74.

177. P F TR, R GJ. Immediate and delayed
direct pulp capping with the use of a new visible light-
cured calcium hydroxide preparation. Oral Surg Oral
Med Oral Pathol 1991;71:388–42.

178. B G, C CF, L WJ, S SA.
Bacterial leakage around dental restorations: its effect on
the dental pulp. J Oral Pathol 1982;11:439–50.

179. B G. Bacterial leakage around dental
restorations – impact on the pulp. In: Anusavice KJ. ed.
Quality Evaluation of Dental Restorations, Lombard IL:
Quintessence Publishing Co., 1989:243–54.

180. P DH. Clinical considerations of microleakage. J
Endod 1990;16:70–7.

181. S U, G L-E. Scanning electron
microscopy of hard tissue barrier following experimental
pulpotomy of intact human teeth and capping with
calcium hydroxide. Odont Revy 1974;25:57–67.

182. U M, S J, S M. Scanning electron
microscopy of calcium hydroxide induced bridges. J Oral
Pathol 1972;1:244–8.

183. G F, N EJ, S C. Evaluation of
the dentinal bridge after pulpotomy and calcium
hydroxide dressing. J Endod 1984;10:318–20.

184. M AJR. Microbiologic examination of root canals
and periapical tissues of human teeth (Thesis).
Gothenburg: Akademiförlaget, 1966:380.

185. P CG. The effect of polycarboxylate cement on the
dental pulp. A study. Br Dent J 1970;129:424–6.

186. P F. Diagnose and Therapie des infizierten
Wurzelkanales. Basel: Beno Schwabe Co., 1949:1–224.

187. P JC, S HR. Pulp capping: influence of the
exposure site on pulp healing – histologic and
radiographic study. J Endod 1981;7:213–23.

188. F AB, B S, C A. Clinical and
radiographic assessment of direct pulp capping and
pulpotomy in young permanent teeth. Pediatr Dent
1982;4:240–4.

189. G MJ, W GB. Traumatized incisors treated
by vital pulpotomy: a retrospective study. Br Dent J
1988;164:319–23.

190. H P, S B, T A, E A

K, F O. A retrospective study of direct pulp
capping with calcium hydroxide. Endod Dent Traumatol
1985;1:29–34.

191. D Y, H J, B L-J. Contrôle radiologique
a court et à long terms du traitement radiculaire de la
catégorie III de pulpopathies. Schweiz Monatschr
Zahnheil 1980;90:585–607.

192. J I, K K. Diagnosis and treatment of
pulp necrosis in permanent anterior teeth with root
fracture. Scand J Dent Res 1980;88:370–6.

193. A FM, A JO, B T. Prognosis of
root-fractured permanent incisors – prediction of
healing modalities. Endod Dent Traumatol 1989;5:
11–22.



Endodontic Management and the Use of Calcium Hydroxide 653

194. A FM, A JO. Resorption and
mineralization processes following root fracture of
permanent incisors. Endod Dent Traumatol
1988;4:202–14.

195. C M, C-J P, A J, K M, L

J, F P. Effect of topical application of doxycycline on
pulp revascularization and periodontal healing in
reimplanted monkey incisors. Endod Dent Traumatol
1990;6:1706.

196. A FM, V-P B. Prognosis
of luxated permanent teeth – the development of pulp
necrosis. Endod Dent Traumatol 1985;1:207–20.

197. C TJ, W RE. The ischemic infarct pulp of
traumatized teeth: A light and electron microscopic
study. Endod Dent Traumatol 1986;2:196–204.

198. T D. Pulpal reactions following experimental
acute trauma of concussion type on immature dog teeth.
Endod Dent Traumatol 1988;4:27–31.

199. O K, G KKH, P G. Late
complications of luxation injuries to teeth. Endod Dent
Traumatol 1987;3:296–303.

200. A FM. A histological and bacteriological
investigation of pulps extirpated following luxation
injuries. Endod Dent Traumatol 1988;4:170–81.

201. C M, C-J P, A J, L J, K

M, F P. Pulp revascularization in reimplanted
monkey incisors – predictability and the effect of
antibiotic systemic prophylaxis. Endod Dent Traumatol
1990;6:1567–9.

202. K G, U C. Klinisk funktionstid hos 55
exartikulerade och replanterade tänder.
Tandläkartidningen 1982;74:18–24

203. K M, C M, M I. Rate and predictability of
pulp revascularization in therapeutically reimplanted
permanent incisors. Endod Dent Traumatol 1986;
2:83–9.

204. D PD, F VSC. The localization of blood-
borne bacteria in instrumented and overinstrumented
canals. J Endod 1984;10:521–4.

205. B AP, R PC. Revascularization of mouse
tooth isographs and allographs using autoradiography
and carbon perfusion. Arch Oral Biol 1981;26:541–5.

206. A FM. Transient apical breakdown and its
relation to color and sensitivity changes after luxation
injuries to teeth. Endod Dent Traumatol 1986;2:9–19.

207. J I. Criteria for diagnosis of pulp necrosis in
traumatized permanent incisors. Scand J Dent Res
1980;88:306–12

208. A FM. Pulpal healing after luxation injuries
and root fracture in the permanent dentition. Endod
Dent Traumatol 1989;5:11–31.

209. F H-J, A JO. Influence of maturation
status and tooth type of permanent teeth upon
electrometric and thermal pulp testing. Scand J Dent Res
1976;84:286–90.

210. F H-J, A JO. Influence of splints and
temporary crowns upon electric and thermal 
pulp-testing procedures. Scand J Dent Res 1976;84:
291–6.

211. G B, O L, E B. Restored vitality in
luxated teeth assessed by laser Doppler flowmeter. Endod
Dent Traumatol 1988;4:265–8.

212. O L, G B, L-S U. Laser
Doppler flowmetry in assessing vitality in luxated
permanent teeth. Int Endod J 1988;21:300–6.

213. M AJR, F L, D G, Ö AE,
H G. Influence on periapical tissues of indigenous
oral bacteria and necrotic pulp tissue in monkeys. Scand
J Dent Res 1981;89:475–84.

214. A JO. The effect of pulp extirpation or root
canal treatment on periodontal healing after
replantation of permanent incisors in monkeys. J Endod
1981;7:245–52.

215. N E. Endodontic treatment during root
formation. Int Dent J 1981;31:49–59.

216. G LJ, B VS, H BYM. Apexification
of immature apices of pulpless permanent anterior teeth
with calcium hydroxide. J Endod 1987;13:285–90.

217. M IC, B EM, W HV. The
closure of open apices in non-vital immature incisor
teeth. Br Dent J 1988;165:169–73.

218. M JA. Barrier formation time in non-vital teeth
with open apices. Int Endod J 1988;21:313–19.

219. C HS. Apical closure in a non-vital permanent
tooth using one Ca(OH)2 dressing. ASDC J Dent Child
1986;53:44–7.

220. K DJ, B ES. A study of endodontically apexified
teeth. Endod Dent Traumatol 1991;7:112–7.

221. C M. Prognosis of luxated non-vital maxillary
incisors treated with calcium hydroxide and filled with
guttapercha. Endod Dent Traumatol 1992;8:45–55.

222. H A, S U. Die apikale
Hartsubstanzbarriere nach temporären
Wurzelkanalfüllungen mit Kalziumhydroxid. Dtsch
Zahnärtzl Z 1980;35:1053–7.

223. J J, T M, B L. Comparison of
two pH levels for the induction of apical barriers in
immature teeth of monkeys. J Endod 1985;11:
375–8.

224. B A, C R, S G. The
antibacterial effect of camphorated
paramonochlorophenol, camphorated phenol and
calcium hydroxide in the treatment of infected root
canals. Endod Dent Traumatol 1985;1:170–5.

225. S KE, D WE, I JH, L K.
A comparison of antimicrobial effects of calcium
hydroxide and iodine-potassium iodide. J Endod
1985;11:454–6.

226. A U, S U, S T. Endodontic
treatment of experimentally induced apical periodontitis
in dogs. Endod Dent Traumatol 1987;3:240–4.

227. S U, F D, S L, S G. The
antibacterial effect of calcium hydroxide as a short-term
intracanal dressing. Int Endod J 1991;24:119–25.

228. Ö D, K K, M O. Effects of extensive
apical reaming and calcium hydroxide dressing on
bacterial infection during treatment of apical
periodontitis. Int Endod J 1991;24:1–7.

229. H M, Ö D. In vitro infection and
disinfection of dentinal tubules. J Dent Res
1987;66:1375–9.

230. S KE, S LSW, L K. Root 
canal dentinal tubule disinfection. J Endod
1990;16:207–10.



654 Chapter 22

231. H G, O B, C M. Effects of calcium
hydroxide and sodium hypochlorite on the dissolution
of necrotic porcine muscle tissue. J Endod
1988;14:125–7.

232. A M, L J, A JO, A FM.
In vitro solubility of human pulp tissue in calcium
hydroxide and sodium hypochlorite. Endod Dent
Traumatol 1992;8:104–8.

233. M RS, M S. The effectiveness of
ultrasonic and calcium hydroxide for the debridement of
human mandibular molars. J Endod 1989;15:373–8.

234. M DF, S GB. Osteogenetic
potential of calcium hydroxide and other materials in
soft tissue and bone wounds. J Dent Res
1958;37:1157–63.

235. R P, M IA. Calcium hydroxide as an
ectopic bone inductor in rats. Scand J Dent Res
1971;79:24–30.

236. R O, K AK. The fate of anorganic implants
in the subcutaneous tissue in rat. Plast Reconstr Surg
1966;37:121–4.

237. T M, T L. Long-term calcium hydroxide
treatment of a tooth with iatrogenic root perforation
and lateral periodontitis. Endod Dent Traumatol
1985;1:35–8.

238. P K, H G, T L.
Endodontic treatment of experimental root perforations
in dog teeth. Endod Dent Traumatol 1985;1:22–8.

239. N K-J, H K. Management of cervical
root perforation: report of a case. ASDC J Dent Child
1990;57:454–8.

240. O PK, T M. Apical closure of an
immature root subsequent to apical curretage. Endod
Dent Traumatol 1992;8:134–7.

241. B A, S G. The antibacterial action of
sodium hypochlorite and EDTA in 60 cases of
endodontic therapy. Int Endod, 1985;18:35–40.

242. B A, H R-P, S U, S G.
Healing of periapical lesions of pulpless teeth after
endodontic treatment with controlled asepsis. Endod
Dent Traumatol 1987;3:58–63.

243. C BS, P F TR. The role of intracanal
medication in root canal treatment. Int Endod J
1992;25:97–106.

244. Ö D. Endodontic materials. Adv Dent Res
1988;2:12–24.

245. K K, T L. Long-term results of
endodontic treatment performed with a standardized
technique. J Endod 1979;5:83–90.

246. T L, A JO, H G,
K L, R I. pH changes in dental tissues after
root canal filling with calcium hydroxide. J Endod
1981;7:17–21.

247. H LE, B LB, F B, L

S. Effect of calcium hydroxide treatment on periodontal
repair and root resorption. Endod Dent Traumatol
1986;2:1849.

248. B L, L S, H L. Influence of
pulpal treatments on cell and tissue reactions in the
marginal periodontium. J Periodontol 1988;59:
577–83.

249. L A, B L, L S. Effect of
immediate calcium hydroxide treatment and 
permanent root-filling on periodontal healing in
contaminated replanted teeth. Scand J Dent Res
1991;99:139–46.

250. L A, B L, L S. Effect of
delayed calcium hydroxide treatment on periodontal
healing in contaminated replanted teeth. Scand J Dent
Res 1991;99:147–53.

251. M PG, T  V SK. Cervical external
root resorption. J Dent Res 1975;3:217–22.

252. T L. Pulp reactions in traumatized teeth. In:
Guttman, JI, Harrison JW. eds. Proceedings of the
International Conference on Oral Trauma. Chicago:
American Association of Endodontists Endowment and
Memorial Foundation, 1984:55–77.

253. T L. Root resorption – etiology, terminology
and clinical manifestations. Endod Dent Traumatol
1988;4:241–52.

254. R J, R V, M EC. Retrograd rodfyldning
med plast og dentinbinder: Indikation og
anvendelsesmuligheder. (Retrograde root filling with
resin and a dentin bonding agent: indication and
applications). Tandlægebladet 1989;93:223–9.

255. F AL, B LK. Non-endodontic therapy for
supraosseous extracanal invasive resorption. J Endod
1987;13:348–55.

256. H GS. Combined endodontic-orthodontic
treatment of transverse root fractures in the region of
the cervical alveolar crest. Oral Surg Oral Med Oral
Pathol 1973;36:404–15.

257. M O, M B, F A. Rapid
orthodontic extrusion of crown-root and cervical 
root fractured teeth. Endod Dent Traumatol
1991;7:49–54.

258. T U, V-O H, O K. Intra-
alveolar transplantation of teeth with cervical root
fractures. Swed Dent J 1978;2:73–82.

259. K K-E. Intraalveolar transplantation of teeth
with crown-root fractures. J Oral Maxillofac Surg
1985;43:38–42.

260. M B, C M, L M, F A.
Surgical treatment of ankylosed and infrapositioned
reimplanted incisors in adolescents. Scand J Dent Res
1984;92:391–9.

261. W C, Z L. Internal resorption in
human teeth – a histological, scanning electron
microscopic and enzyme histochemical study. J Endod
1987;13:255–9.

262. W C, L S. Experimental internal
resorption in monkey teeth. Endod Dent Traumatol
1985;1:221–7.

263. W RE, L LE. Cracked tooth: an etiology
for ‘idiopathic’ internal resorption? J Endod
1986;12:167–9.

264. S JW. Calcific metamorphosis: a treatment
dilemma. Oral Surg Oral Med Oral Pathol
1982;54:441–4.

265. S WG, G DC. Rationale for the
management of calcific metamorphosis secondary to
traumatic injuries. J Endod 1988;14:408–12.



Endodontic Management and the Use of Calcium Hydroxide 655

266. S HS. The role of a dental operating 
microscope in improved non-surgical treatment of
‘calcified’ canals. Oral Surg Oral Med Oral Pathol
1989;68:93–8.

267. F AL. Bleaching of vital and non-vital teeth. In:
Cohen S, Burns RC. eds. Pathways of the pulp. 2nd edn.
St. Louis: C.V. Mosby Co 1980:568–75.

268. N EB, P GS. A new combination for bleaching
teeth. J South Calif Dent Assoc 1963;31:289–91.

269. G LI. Endodontic practice. 9th edn. Philadelphia:
Lea & Febiger, 1978:440.

270.   B T. Tooth color and tooth discoloration. In
vitro studies on tooth color and tooth discoloration related
to endodontic procedures. Thesis, Catholic University of
Nijmegen, 1985.

271. S GG. Bleaching discolored pulpless teeth. J Am
Dent Assoc 1965;70:325–8.

272. L RR. Bleaching and restoring endodontically
treated teeth. Current Opinion Dentistry 1991;1:
754–9.

273. H GW, N E. External resorption
associated with bleaching of pulpless teeth. J Endod
1979;5:344–8.

274. L AE, S HR, W MI. Cervical
resorption in bleached teeth. Oral Surg Oral Med Oral
Pathol 1983;55:78–80.

275. M S. External cervical resorption after
bleaching a pulpless tooth. Oral Surg Oral Med Oral
Pathol 1984;57:203–6.

276. C M, L A-M. External root resorption
following bleaching of pulpless teeth with oxygen
peroxide. Endod Dent Traumatol 1985;1:56–60.

277. F S, R I, L H, S A,
H I. Incidence of external root resorption and
esthetic results in 58 bleached pulpless teeth. Endod Dent
Traumatol 1988;4:23–6.

278. F Z, S S, T M. Tubular permeability to
calcium hydroxide and to bleaching agents. J Endod
1989;15:362–4.

279. M S, W R. Cervical root resorption
following bleaching of endodontically treated teeth. J
Endod 1990;16:570–4.

280. R I, F S, M C, K J,
S M, B I. Histological characterization of
bleaching-induced external root resorption in dogs. J
Endod 1991;17:436–41.

281. R I, T Y, L I. Effect of bleaching
time and temperature on the radicular penetration of
hydrogen peroxide. Endod Dent Traumatol 1991;7:
196–8.

282. R I, T Y, M R. Effect of cementum
defects on radicular penetration of 30% H202

during intracoronal bleaching. J Endod 1991;17:
230–3.

283. S HF. A simple bleaching technique using sodium
perborate. NY State Dent J 1961;27:332–4.

284. S OP. Blegning of rodfyldte, misfarvede taender.
Tandlaegebladet 1978;82:73–7.

285. H G, P AM, L-H H.
Bleaching of discoloured root-filled teeth. Endod Dent
Traumatol 1988;4:197–201.

286. H S, G A. An in vitro comparison of different
bleaching agents in the discoloured tooth. J Endod
1989;15:106–11.

287. H G, P AM, L-H H.
Blegning of misfarvede rodfyldte tænder. Resultater efter
3 og 5 års observationstid. Tandlægebladet
1989;93:445–9.

288. R I, Z M, M C, T A,
F S. In vitro efficacy of sodium perborate
preparations used for intracoronal bleaching of
discoloured non-vital teeth. Endod Dent Traumatol
1991;7:177–80.

289. S U, H S, H O, R I.
Endodontics. In: Koch G, Modeer TH, Poulsen S,
Rasmussen P. eds. Pedodontics – a clinical approach.
Copenhagen: Munksgaard 1991:185–210.

290. R A, A FM, B G,
A JO, M EC. Pulp reactions to
restoration of experimentally induced crown fractures. J
Dent 1998;26:409–16.

291. C CF, S S. Re-evaluating pulp protection:
calcium hydroxide liners vs. cohesive
hybridization.(Review). J Am Dent Assoc
1994;125:823–31.

292. S EJ Jr, T M. Treatment options for the
exposed vital pulp. Pract Periodont Aesthet Dent
1999,11:735–9.

293. O S, J T, K I. Crown fractures in the
permanent dentition: pulpal and restorative
considerations. Dent Traumatol 2002;18:103–115.

294.  S C CA, H J, H CT. Current
status of pulp capping with adhesive systems: a review.
Dent Mater 2000;16:199–7.

295. F A, G S, C A. Long-term follow-up of
traumatized incisors treated by partial pulpotomy.
Pediatric Dentistry 1993;15:334–6.

296. B L, C S. Treatment of crown fractures with
exposed pulps. J Calif Dent Assoc 2002;30:419–25.

297. R D, H G. Partial pulpotomy in a primary
incisor with pulp exposure: a case report. Pediatric
Dentistry 1994;16:46–8.

298. C M, A JO, B MK. Healing of 208
intra-alveolar root fractures in patients aged 7–17 years.
Dent Traumatol 2001;17:53–62.

299. A JO, A FM, M I, C MI.
Healing of 400 intra-alveolar root fractures. 1. Effect of
pre-injury and injury factors such as sex, age, stage of
root development, fracture type, location of fracture 
and severity of dislocation. Dent Traumatol
2004;20:192–202.

300. A JO, A FM, M I, C M.
Healing of 400 intra-alveolar fractures. 2. Effect of
treatment factors, such as treatment delay, repositioning,
splinting type and period and antibiotics. Dent
Traumatol 2004;20:203–11.

301. C M, M I, A JO. Healing and
prognosis of teeth with intra-alveolar fractures involving
the cervical part of the root. Dent Traumatol
2002;18:57–65.

302. C K, M I, A JO. Conservative
endodontic treatment of teeth fractured in the middle or



656 Chapter 22

apical part of the root. Dent Traumatol 2004;20:
261–9.

303. Y K, T M. Pulp revascularization of
replanted immature dog teeth after different treatment
methods. Dent Traumatol 2000;16:211–7.

304. R ALS, R AV, S A, T M. Pulp
revascularization of replanted immature dog teeth after
treatment with minocycline and doxycycline assessed by
laser Doppler flowmetry, radiography, and histology.
Dent Traumatol 2004;20:75–84.

305. L RM. Bacterial penetration of the root canal of
intact incisor teeth after a simulated traumatic injury.
Endod Dent Traumataol 1996;12:289–93.

306. Y K, V N, S A, T M.
Efficacy of laser Doppler flowmetry for the diagnosis of
reimplanted immature dog teeth. Dent Traumatol
2001;17:63–70.

307. M IC, W HV, H FJ. A follow-up
study of incisor teeth which have been treated by 
apical closure and root filling. Brit Dent J
1993;175:99–101.

308. S EC, R GJ. Use of calcium hydroxide for
apical barrier formation and healing in non-vital
immature permanent teeth: a review. Br Dent J
1997;183:241–6.

309. M AS, S G. Apexification with the use of
calcium hydroxide: a clinical study. J Clin Pediatr Dent.
1991;16:13–19.

310. M IC, H FJ, W HV. Comparison of
two calcium hydroxide pastes used for endodontic
treatment of non-vital immature incisor teeth, Endod
Dent Traumatol 1994;10:90–99.

311. C HS. Apexification. Follow-up after 6–12 years. J
Ind Soc Pedodont Prev Dent 1991;8:38–40.

312. G M, K E, N M.
In vitro evaluation of the effectiveness of calcium
hydroxide and paramonochlorophenol on anaerobic
bacteria from the root canal. Endod Dent Traumatol
1993;9:249–53.

313. T M, G T. The effects of sodium
hypochlorite and calcium hydroxide on tissue
dissolution and root canal cleanliness. Int Endod J
1997;30:135–42.

314. K NP, V D, P F. A
method of adapting gutta-percha cones for obturation
of open apex cases using heat. Int Endod J
1999;32:53–60.

315. R F. Fracture susceptibility of endodontically treated
teeth. J Endod 1980;6:560–5.

316. H AR, M S, S H. Determination of
the moisture content of vital and pulpless teeth. Oral
Surg Oral Med Oral Pathol 1972;34:661–70.

317. A JO, F B, M EC. Long-term
calcium hydroxide as root canal dressing may increase
risk of root fracture. Dent Traumatol 2002;18:
134–7.

318. S TPC, K JC, N Y-L, S J, G

K. Effect of sodium hypochlorite on mechanical
properties of dentin and tooth surface strain. Int Dent J
2001;34:120–32.

319. G D, K J, N Y-L, G K.
Effect of exposing dentine to sodium hypochlorite and

calcium hydroxide on its flexural and elastic modules.
Int Endod J 2001;34:313–9.

320. R G, T M, T L. Strengthening of
immature teeth during long-term endodontic therapy.
Endod Dent Traumatol 1986;2:43–7.

321. R G, T M, G C, T L.
Strengthening and restoration of immature teeth with an
acid etch resin technique. Endod Dent Traumatol
1985;1:246–56.

322. R JR, N JI, H GW. Evaluation of
fiber-composite laminate in the restoration of immature,
nonvital maxillary central incisors. J Endod
2001;27:18–22.

323. H L, B L, F B, A L,
L S. Replantation of teeth and antibiotic
treatment. Endod Dent Traumatol 1986;2:51–7.

324. H L, P A, B L, F B,
L S. Tooth avulsion and replantation: a review.
Endod Dent Traumatol 1986;2:1–9.

325. S-L V, W C-J, C G-V, T M. The effect
of systemic tetracycline on resorption of dried replanted
dog’s teeth. Endod Dent Traumatol 1998;14:27.

326. S-L V, W C-J, T M. Effect of systemic
tetracycline and amoxicilline on inflammatory root
resorption of replanted dog’s teeth. Endod Dent
Traumatol 1998;14:216–28.

327. D T, H EJ. Evaluation of long-term
calcium hydroxide treatment in avulsed teeth – an in
vitro study. Int Endod J 1995;28:7–11.

328. T M. Short versus long-term CaOH2 treatment of
established inflammatory root resorption in replanted
dog teeth. Endod Dent Traumatol 1995:11:121–9.

329. A FA, G JL, W DE. Calcific
metamorphosis: A challenge in endodonic diagnosis and
treatment. Quintessence Int 2001;32:447–55.

330. H GS, D SW, M PD. Incidence
of invasive cervical resorption in bleached root-filled
teeth. Aust Dent J 1994;39:82–7.

331. K DJ, B ES. A study of endodontically apexified
teeth. Endod Dent Traumatol 1991;7:112–17.

332. C MK, S BH. Endodontic treatment of teeth
with apical periodontitis using calcium hydroxide: a
long-term study. Endod Dent Traumatol 1996;12:
215–21.

333. F D, K MJ. Non-vital immature
permanent incisors: factors that may influence 
treatment outcome. Endod Dent Traumatol
1999;15:273–7.

334. C A, S J, C-J P. A histological
and quantitative histomorphometric study of
apexification of nonvital permanent incisors of vervet
monkeys after repeated root filling with calcium
hydroxide paste. Endod Dent Traumatol 1997;13:
211–17.

335. M E, B-A C. Endodontic
retreatment: a rational approach to non-surgical root
canal therapy of immature teeth. Endod Dent Traumatol
1996;12:246–53.

336. A JO, K L. The effect of extra-
alveolar root filling with calcium hydroxide on
periodontal healing after replantation of permanent
incisors in monkeys. J Endod 1981;7:349–54.



Endodontic Management and the Use of Calcium Hydroxide 657

337. A JO. A time-related study of periodontal
healing and root resorption activity after replantation of
mature permanent incisors in monkeys. Swed Dent J
1980;4:101–10.

338. G AP, J BG, M RJ. Timing
of calcium hydroxide therapy in the treatment of root

resorption in replanted teeth in dogs. Endod Dent
Traumatol 1994;10:268–75.

339. K MJ, B DH, G TA. Inflammatory and
replacement resorption in reimplanted permanent
incisor teeth: a study of the characteristics of 84 teeth.
Endod Dent Traumatol 1999;15:269–72.



Introduction

The scope of endodontics includes vital pulp therapy in
addition to managing teeth with pulp necrosis (1). So it
should come as no surprise that endodontic specialists have
been active in developing new procedures to preserve pulp
vitality in developing teeth and to treat immature teeth with
pulp necrosis. Techniques using a new material, mineral tri-
oxide aggregate (ProRoot MTA®), will be described for teeth
with traumatic pulp exposures (pulpotomy) and teeth with
pulp necrosis and incompletely formed apexes (apexifica-
tion). In addition, the use of MTA will be described for sit-
uations in which teeth with horizontal root factures require
root canal therapy.

Until recent years, calcium hydroxide has been the gold
standard for dental therapeutic materials; it has been used
successfully for pulp capping (2), pulpotomies (3–5), apex-
ifications (6–11), and for treating root fractured teeth that
require endodontic therapy (12), as well as an antibacterial
root canal medication (13, 14). It has both advantages and
disadvantages.

The therapeutic advantages are well known and have been
recognized since the material was first recommended in the
1930s (15, 16). It has antibacterial properties (13, 14) and it
appears to stimulate hard tissue formation when applied to
tissues with such potential, for instance pulp and periradic-
ular tissues (3–11). While calcium hydroxide is a caustic
material with a high alkaline pH (12.5), it appears to be very
biocompatible and is not associated with untoward tissue
reactions (17).

The disadvantages of the use of calcium hydroxide are
procedure related. When it is used for pulp capping or
pulpotomy, it is advisable to re-enter the capping site after
hard tissue bridge formation to remove the combination of
necrotic tissue and remnants of calcium hydroxide material
so that bacterial microleakage can be prevented (3, 4) (Fig.

23.1). Recently, it has been recognized that calcium hydrox-
ide has an effect on dentin that weakens dentin’s resistance
to fracture (18–21). As noted by Cvek (18), teeth in young
children are more susceptible to cervical root fracture fol-
lowing calcium hydroxide treatment. This has been further
elucidated by two research projects at Loma Linda (44, 82),
in which the age of the animals from which teeth were har-
vested for testing with exposure to calcium hydroxide
appeared to make a difference. Younger teeth were more
likely to fracture than teeth from older animals, confirming
the results of Andreasen et al. (19). For these reasons it has
been desirable to develop dental materials without calcium
hydroxide’s disadvantages, but at the same time retaining its
advantages. Mineral trioxide aggregate (MTA) is a material
that appears to be a good alternative to calcium hydroxide.

Since its development in the early 1990s by Torabinejad
and colleagues at Loma Linda University in California, USA,
MTA has been tested and applied to numerous dental situ-
ations by researchers and clinicians worldwide.

When first developed, MTA was a gray powder, which has
since been modified to a white color for esthetic reasons,
without any apparent physical or therapeutic changes
(22–25). This change has been made possible by the reduc-
tion of ferrite (Fe3O3) in the making of white MTA (22).
MTA has a pH range of 10.2–12.5 that is time related during
the first 3 hours of setting time, after which it remains 
constant. While MTA sets in about 3 hours, its compressive
strength continues to increase over a period of 3 weeks (26).

Mineral trioxide aggregate consists of calcium silicate
(CaSiO4), bismuth oxide (Bi2O3), calcium carbonate (CaCO3),
calcium sulfate (CaSO4), and calcium aluminate (CaAl2O4).
MTA is mixed (3 : 1, MTA : H2O) with water or other fluids
such as saline, to form an amorphous structure of calcium
crystals consisting of 33% calcium, 49% phosphate, 2%
carbon, 3% chloride, and 6% silica (26). MTA is a
hydrophilic material that sets in the presence of any mois-
ture, including blood (27).

23
New Endodontic Procedures using Mineral
Trioxide Aggregate (MTA) for Teeth with
Traumatic Injuries
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One of the major advantages of MTA is its demonstrated
biocompatibility and non-mutagenicity. Numerous studies
have shown that it is well tolerated by tissue cells both in the
pulp and periradicular areas (28–35), and it appears to have
a mechanism of action that encourages hard tissue deposi-
tion similar to that of calcium hydroxide (23).

Since bacterial microleakage is a major concern with any
dental material, it is noteworthy that MTA has been shown
to resist bacterial penetration quite favorably compared to
other materials (36–38). Recently, Murray et al. (39) demon-
strated that the pulp’s reparative activity occurs more readily
beneath capping materials that prevent bacterial microleak-
age, a feature favoring the use of MTA.

The reason for MTA’s resistance to bacterial penetration
is said to be related to its adaptation to adjacent dentin, a
tight physical adaptation that includes penetration of MTA
into dentinal tubules. The result is a low tendency to
microleakage (26, 27, 29).

Mineral trioxide aggregate is a biological active material
which induces hard tissue formation through mechanisms
that are still being investigated (40). Koh et al. (33) noted
that it stimulates interleukin formation and provides a sub-
strate for osteoblasts, a finding also noted by Perez et al. (41),
though the latter observed that osteoblasts did not survive
as long on white MTA as on gray MTA. The bioactivity of
MTA may be similar to that of calcium hydroxide; Friedland
and Rosado (42, 43) described the results of exposing set
MTA to water and found that calcium hydroxide is released
from MTA (for at least up to 3 months), which can explain
the stimulation of hard tissue formation against the mate-
rial. Holland et al. (23) found that calcite crystals formed,
similarly to that found with calcium hydroxide, when MTA
comes in contact with water.

Another recognized advantage of MTA is its prevention
of leakage of bacteria into a healing tissue wound, whether
it is pulp or periradicular tissue (36–38). It is certainly true
that the dental pulp’s reparative activity can occur beneath
capping materials in the absence of bacterial microleakage
and that success is increased with materials that prevent 
bacterial leakage (39); the same can probably be said for
apexification and repair of root fractures.

In spite of the similarity to calcium hydroxide (42, 43),
MTA does not appear to have a detrimental effect on dentin
(44), a problem noted with calcium hydroxide (18–21). This
makes MTA especially well suited for treatment involving
pulp necrosis in immature, developing teeth (e.g. teeth
needing apexification and teeth with root fractures in which
the coronal pulp tissue deteriorates and becomes infected).

The bioactive property of MTA has resulted in superior
(when compared to calcium hydroxide and other materials)
dentin bridges after pulp capping and pulpotomies (32, 40,
45–52) and apexifications (30, 31). The best explanation is
probably that MTA provides an excellent protection against
bacterial leakage (39) and possesses a biocompatible quality
that allows tissue repair (28–35), along with providing stim-
ulation for hard tissue deposition (23).

Pulp capping and partial pulpotomy

Crown fractures in children and young teenagers in which
the dental pulps are exposed can have severely detrimental
effects on the long-term survival of such teeth if pulp necro-
sis results. The capacity for pulp cells to resist and repair
injuries is fundamental to maintenance of the integrity and

A B C

Fig. 23.1 Secondary pulp necrosis after partial pulpotomy. A. Maxillary right central incisor as it appears seven years after receiving a calcium hydrox-
ide partial pulpotomy. Note dark line (arrow) indicating microleakage between the tooth structure and the composite restoration. B. Radiographic appear-
ance immediately following the pulpotomy seven years earlier, and C. radiograph taken at the same time as the photograph in A. The microleakage
resulted in pulpitis requiring root canal therapy; the initial treatment, however, assured the tooth’s continued development and root canal therapy could
be done on a fully developed, mature tooth.
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A B

Fig. 23.2 Histologic response to
partial pulpotomy and pulp capping.A.
Partial pulpotomy on a dog’s tooth
shows healthy, normal appearing new
dentin (MTA – position of MTA during
treatment; ND – new dentin formed
under MTA; P – pulp). B. Pulp capping
on a monkey’s tooth. Bridge formation
at site of mechanical pulp exposure.

A B C D

Fig. 23.3 Healing after partial pulpotomy. A. Two central incisors fractured in a boy age 8. B. First the right central incisor received an MTA pulpotomy,
following which the left central incisor was also treated in the same manner. C. The teeth one year postoperatively. D. The MTA was changed from gray
to white for cosmetic reasons after 3 years. Note continued root development.

homeostasis of the dental organ (53). Incompletely devel-
oped teeth are more prone to cervical root fractures (18–21,
54) if they lose pulp vitality and require root canal therapy.
Thus, every effort should be made to protect such exposed
pulps to allow completion of root development, which
means thickening of the root along with closing of the apical
opening.

To date, the most commonly used procedure for pulp pro-
tection in teeth with traumatic pulp exposures has been the
technique popularized by Cvek (3), often referred to as
Cvek-pulpotomy (see Chapter 22). The technique relies on
the use of calcium hydroxide as the active agent to promote
hard tissue formation and perhaps secondarily to serve as an
antibacterial agent at the site of the pulp wound. The tech-
nique has proven to be very successful and used worldwide
(2–5). One drawback is that one needs to re-enter the site of
calcium hydroxide placement after dentin bridge formation
to remove remnants of necrotic tissue which can serve as
nutrients for bacteria that may have gained access through
microleakage between the restoration and the tooth struc-
ture (Fig. 23.1).

The new material, mineral trioxide aggregate (MTA),
which has been described in the Introduction, offers many
advantages as an agent for use in pulpotomies. It is biocom-
patible (28–35), provides excellent resistance to microleak-
age (36–38), allows opportunity for dentin bridging at the
site of pulp exposure (32, 40, 45, 46, 48, 49) (Fig. 23.2), and
appears to be associated with a very positive clinical outcome
(47, 50, 51) (Fig. 23.3). And since MTA does not deteriorate
over time, it is not necessary to re-enter the site of material
placement at a later time to remove the material.

Since the development of white MTA, this version of the
material is recommended for coronal aspects of teeth for
cosmetic reasons. As noted, the difference in the two MTA
types does not seem to result in any differences in quality or
biocompatibility (22–25).

The action of MTA on exposed pulp tissue is similar to
calcium hydroxide (40). A slight layer of necrotic pulp tissue
superficial to the bridge, suggests a similar action (40). Ini-
tially a superficial zone of extracellular matrix forms, which is
followed by hard tissue depositions, under which formative
cells (odontoblast-like cells) produce reparative dentin as a
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sign that the pulp is back to normal function (49). The main
difference between MTA and calcium hydroxide may be that
MTA provides a good protective barrier against microleakage
(36–38) and does not break down requiring replacement as is
the case with calcium hydroxide (3, 4). If microleakage occurs
in the case of calcium hydroxide, it allows bacteria to reach the
dentin bridge which usually has numerous tunnel defects
(55), a factor not of significance when MTA is used (49).

Finally, several studies have shown MTA to be superior to
other alternative capping agents (e.g. resins) (51, 52). While
there are promising possibilities with the use of resins for
protecting the exposed pulp, the available evidence raises
questions about their safety (56–59).

The technique for using MTA is in many ways similar to
the partial pulpotomies in which calcium hydroxide is used.
A major difference is that control of pulpal bleeding is less of
a problem when MTA is used compared to calcium hydrox-
ide. While calcium hydroxide should be placed on the
exposed pulp tissue only after bleeding has completely
stopped (and after washing away the blood clot), MTA can be
placed on pulp tissue that may still be bleeding slightly, since
MTA requires presence of fluid for the setting process, and
blood has been shown to provide such a stimulus (27).

These are the recommended steps for MTA pulpotomies
in teeth with reversible pulpitis (Fig. 23.4):

• See Fig. 23.4A,B. After anesthetizing the tooth, isolate it
with a rubber dam and disinfect the operative site. Sodium
hypochlorite or chlorhexidine are excellent agents for 
disinfection.

• See Fig. 23.4C–E. Using a round diamond (about the size
of a #4 round bur) in the high speed handpiece and with
a water coolant spray, gradually remove pulp tissue from
the site of the exposure to a depth of about 2 mm into the
pulp proper. Use a cotton pellet for a short time to reduce
the initial brisk bleeding, after which MTA can be placed
directly on the pulp wound. Mixed to manufacturer’s rec-
ommendations (3 : 1, MTA : H2O), the prepared MTA has
the consistency of wet sand. Excess moisture can be soaked
up from the material, using a cotton pellet. Before restor-
ing the fractured tooth crown, it is necessary to wait about
4–6 hours for the MTA to cure. If an adequate thickness
of MTA is present (at least 2 mm) it is not necessary to
protect the MTA filling while it is curing, but the patient
should refrain from using the tooth until the MTA has
hardened. Exposure to saliva will provide needed moisture
for the material to cure. If the tooth fracture is such that
a temporary filling can be placed above the MTA material,
one must place a moist cotton pellet between the MTA and
the temporary filling.

• See Fig. 23.4F. After the MTA has cured, one can restore
the tooth, either by using a bonded composite resin
restoration or if it is available, bonding the fractured tooth
fragment to the remaining tooth structure.

Teeth that have been treated with MTA pulpotomy may be
monitored in several ways: development of a dentin bridge,
continued root development, positive response to pulp
testing, freedom from symptoms, and lack of radiographic
abnormalities (60).

A B C

D E F

Fig. 23.4 Recommended steps for MTA pulpo-
tomies in teeth with reversible pulpitis. A. Adminis-
ter local anesthetic and isolate the tooth with rubber
dam. B. Disinfect the exposed dentin and pulp with
either sodium hypochlorite or chlorhexidine. C.
Remove pulp and surrounding dentin to a depth of
2mm from the level of exposure, using a round
diamond bur and water or saline spray. D. Place a
saline-moistened cotton pellet onto the pulpal
wound until bleeding has ceased, or nearly so. Slight
hemorrhage does not affect placement of MTA. E. A
mixture of MTA and saline or water can now be
placed into the prepared cavity, against the pulpal
wound and filling the entire cavity. F. After setting
(4–6 hours) a restoration can be placed to restore
the tooth or bond the fractured crown fragment.
While setting the MTA serves as a temporary restora-
tion. The patient should be instructed to avoid
chewing or biting, because the material is initially
quite soft.
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Apexification

When a child’s tooth is traumatized, the pulp may not
survive the injury. If that happens, the tooth ceases to
develop, resulting in a tooth with thin, fragile root canal
walls and an open apex. The necrotic pulps in such teeth fre-
quently become infected, which promotes root resorption
and periradicular disease. If left untreated, the end result is
loss of the tooth (6, 60).

For many years, the recommended treatment for devel-
oping teeth with pulp necrosis has been apexification using
calcium hydroxide (6, 8, 9). The technique has enjoyed good
success and many teeth, otherwise doomed to extraction,
have been saved. It has been recognized, however, that such
treated teeth have a high rate of cervical root fracture during
the years after treatment (18, 54, 60).

Recently, Andreasen et al. (19) demonstrated that imma-

ture sheep teeth filled with calcium hydroxide became
increasingly less resistant to fracture when exposed to
calcium hydroxide for long periods of time. In another
recent study, when MTA was used to fill the root canals, the
resistance to fracture was equal to controls, thus giving
better results than roots treated for long periods of time with
calcium hydroxide (44).

In addition to frequent cervical root fractures associated
with the use of calcium hydroxide in immature teeth (7, 54),
this technique for apexification has the disadvantage of
increased treatment time, unpredictable results and delays
in completing final restoration (61–63).

Alternatives to the use of calcium hydroxide for produc-
ing an apical barrier have been recommended (64, 65); it
appears that MTA provides an excellent means of generat-
ing an apical plug above which either gutta-percha or resin
can be placed (Fig. 23.5). Shabahang et al. (66) demon-
strated that MTA promoted apical repair (Table 23.1), and

A B

Fig. 23.5 Apexification using MTA as a root-filling material. A. Apexification performed on a dog’s tooth shows apical cementum (C) developing below
the initial osteodentin (OD) which formed under MTA (MTA – space where MTA was placed). The stain is Masson’s trichrome. (Courtesy of Dr. Shahrokh
Shabahang, Loma Linda University, California, USA). B. An example of apical cementum (arrow) forming under MTA placed as retrofilling material. (Cour-
tesy of Dr. Mahmoud Torabinejad, DMD, MSD, PhD, Loma Linda University, California, USA.)

Table 23.1 A comparison of the outcomes of three apexification materials and a control. SHABAHANG et al. (66), Masson’s trichrome stain.

Successful 13 5 5 0
Failures 1 8 8 11

Total 14 13 13 11

HT: hard tissue; MTA: mineral trioxide aggregate; CH: calcium hydroxide; BMP7: bone morphogenic protein; CL: collagen carrier (for BMP7).
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Tittle et al. (67) also showed that MTA was an acceptable
apical barrier that promoted apical healing. They pointed
out that the induction of an apical hard tissue barrier was
not necessary, since MTA itself used as an apical plug pro-
vides the necessary apical stop for root canal fillings (67).

Since the introduction of MTA for use as an apical barrier,
there have been several reports of successful outcomes (61,
68–72, 74) (Fig. 23.6). The recommended size of apical MTA
plug is 4 mm (70, 73) and Lawley et al. (73) have suggested
that ultrasonic placement is advisable, followed by a resin
filling in the coronal section of the canal.

The recommended steps in the placement of an apical
plug of MTA in root canals with open apices appear in 
Figs 23.7 and 23.8.

One of the problems in managing immature teeth with
pulp necrosis is the frequent occurrence of cervical root 
fractures during and after apexification procedures (7, 54).
Because of the thin, weak dentinal walls of the roots of
developing teeth, it would be desirable to strengthen these
roots to prevent accidental fracture. Several reports (77–81)
have shown that the cervical area can be strengthened both
before and after apexification procedures by bonding resin
materials into the potentially fracture-prone areas. While
long-term results are lacking, the initial observations are
encouraging.

When apexification is done using MTA as an apical plug,
the length of time during which the canal is exposed to
calcium hydroxide is quite short – usually less than one
month. Thus, there does not appear to be any advantage in
placing a resin in the cervical area prior to apexification.
Instead, the resin can be placed into the canal to a level well
below the crest of alveolar bone after the MTA has cured (see
Fig. 23.8I, J). A study by Hernandez et al. (81) showed that
the new generation of dentin bonding systems appear to
strengthen endodontically treated teeth to levels close to that
of intact teeth. One can hope that the same holds true for
immature teeth as well.

Root fractures

Root fractures usually heal with either a hard tissue or a con-
nective tissue union (or a combination of both) or by inter-
position of bone; a relatively small percentage of teeth with
root fractures develop coronal canal infection leading to
periradicular disease associated with the fracture site (76).

A B C D E

Fig. 23.6 A. Luxation injury to both maxillary central incisors resulted in pulp necrosis. The pulps were extirpated and calcium hydroxide placed in the
canals. B. One month later, the canals were filled with MTA, covered with wet cotton pellets and a temporary restoration. A few days later, the coronal
accesses were filled with composite resin. C. Six-month follow-up. D. Two-year follow-up. E. Three-year follow-up shows good periapical repair.

Fig. 23.7 The tooth has been identified as having pulp necrosis and
external root resorption.
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A B C D E

F G H I J

Fig. 23.8 Apexification with MTA. A and B. The tooth is anesthetized (if needed) and isolated with a rubber dam and disinfected with sodium hypochlo-
rite or chlorhexidine. Access is obtained to the root canal space in the usual manner. C. Carefully remove necrotic tissue to the level at which bleeding
is first encountered (but not to exceed the length of the root canal). Instead of aggressively filing the thin root canal walls, it is preferable to gently brush
the walls and use a liberal amount of irrigation with sodium hypochlorite. An effective ‘brush’ can be made by wrapping cotton around the shank of an
endodontic file. D and E. Because the mechanical cleansing of the root canal is somewhat limited, and since removal of dentin from the already thin
root canal walls will further weaken the tooth, disinfection must be obtained by the use of sodium hypochlorite and medication with calcium hydrox-
ide. Keeping in mind that some formulations of calcium hydroxide can make the root canal dentin more brittle (21) it is important to limit the exposure
to calcium hydroxide to one month or less (19). There is good evidence that the use of intracanal calcium hydroxide is very effective if left in place for
up to two weeks (13). After placing the calcium hydroxide, a cotton pellet is placed over the calcium hydroxide, followed by a temporary restoration that
will provide good protection for the period of time until the appointment for completing the treatment (maximum one month). F. At the next visit, again
anesthetize (if needed), isolate with rubber dam, and re-enter the root canal. Gently remove the calcium hydroxide medication, flush the canal liberally
and gently dry the canal, being careful not to stimulate bleeding from the level at which vital tissue is present. If bleeding inadvertently occurs, it can
be stopped with the use of a cotton pellet coated with calcium hydroxide powder, following which the canal can again be dried with paper points. It is
helpful to keep in mind that a totally dry canal is not required – MTA needs moisture to cure. With regards to any remnant of calcium hydroxide left on
the root canal wall it does not affect the MTA seal (70). G. The placement of the mixed MTA material can be challenging for the dentist doing this for
the first time. The consistency is similar to wet sand so handling can be difficult. But since it does not set immediately it can be removed by irrigation if
needed. Positioning the material to the desired depth in the root canal starts with accurate determination of the desired apical level and preparing plug-
gers with the proper length marked with rubber stoppers. Place a small amount of the mixed MTA into the coronal chamber and use pluggers consid-
erably smaller than the root canal diameter to carefully push the material toward apical level where vital tissue is present. An ultrasonic device can be
used against the plugger to assist in compacting the MTA into the apical location. If the entire canal is empty because all the pulp tissue was necrotic,
then the MTA should be placed to the apical opening of the root canal. H. Prior to placing the MTA in the root canal, a decision must be made about
how much of the canal is to be filled with MTA. One can use a ‘plug’ of apical MTA (at least 4mm) and fill the rest of the canal with gutta-percha (after
the apical plug has cured), or fill the entire canal with MTA. In either approach, it is recommended to wait until the MTA has cured (a minimum of 4–6
hours) before completing the treatment. During the curing period, a moist cotton pellet is kept coronal to the MTA and the access opening is closed
with a temporary filling. I and J. After the MTA has cured, the coronal access opening can be restored with a bonded composite resin. A tooth that has
had an apexification procedure with MTA should be monitored radiographically and clinically. The desirable outcome is an asymptomatic tooth around
which the alveolar supporting tissue is radiographically acceptable without evidence of resorption or periapical disease. Recent clinical reports show pos-
itive outcomes (68, 69, 71, 72, 74).
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The latter outcome is the only one requiring root canal treat-
ment (or extraction).

When a tooth with root fracture develops pulpal and 
periradicular disease, root canal treatment has been recom-
mended (77). Recently the various treatment procedures
were compared based on a retrospective study of 98 teeth
with root fractures (12). The best results were observed in
situations in which only the coronal root canal segment 
was filled, following long term use of calcium hydroxide in

that segment to produce a hard tissue barrier at the canal
opening at the fracture level. Considering the possible weak-
ening effect on dentin from long term calcium hydroxide
exposure, and the fact that calcium hydroxide treatment
usually takes several months (3–24 months), it would be
desirable to use a material that has no detrimental effect and
can save time of treatment. MTA is such a material.

The recommended steps in using MTA for treating teeth
with horizontal root fractures appear in Fig. 23.9. Monitor-

A B C

D E F

Fig. 23.9 MTA used in the treatment of a root frac-
ture with coronal pulp necrosis.A. The tooth that has
been diagnosed as having pulpal/periradicular
disease, usually evidenced by a circumradicular
lesion associated with the fracture site, is anes-
thetized if needed and isolated with a rubber dam
and disinfected with either sodium hypochlorite or
chlorhexidine. B and C. A standard type coronal
access to the root canal system is made. The necrotic
tissue to the level of root fracture is removed; the
canal is biomechanically prepared to that level and
irrigated with sodium hypochlorite. Depending on
the dentist’s choice, the canal (to the fracture level
only) can be filled with MTA immediately, or calcium
hydroxide can be used as an interim medication
between appointments. D, E and F. As with apexifi-
cation cases, a decision must be made to either use
a ‘plug’ of MTA at the fracture level of the coronal
canal, or fill the entire coronal level with MTA. (See
Apexification for suggestions for managing MTA.) 
In either case, it is recommended to let the MTA cure
before either adding gutta-percha to the remainder
of the coronal canal, followed by the access opening
filling, or placing the access opening filling directly
on top of the MTA if it was placed to the cervical
level.

A B C D

Fig. 23.10 MTA used in root fracture treatment. A. A 9-year-old boy was in an accident in which the right central incisor was avulsed and the coronal
segment of the root fractured left central incisor was also avulsed. Both teeth were replanted within a few minutes. B. Three weeks after replantation,
calcium hydroxide was placed in the canals of both teeth. C. Two weeks later, MTA was placed in the canals, but only to the fracture line in the left
incisor. D. Nine-month follow-up shows good repair.
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ing the outcome of using MTA for root canal treatment of
teeth with root fractures and pulp necrosis can be done radi-
ographically and clinically (68). Desirable outcomes include
radiographic evidence of healing if circumradicular disease
was present at the level of fracture, and an asymptomatic,
functioning tooth. At the present time, there is not enough
information available to evaluate clinical outcomes of root
canal treatments using MTA in teeth with horizontal root
fractures. Individual case reports, however, are positive (68)
(Fig. 23.10).

Essentials

Mineral trioxide aggregate (MTA) may be used instead of
calcium hydroxide in many endodontic procedures. MTA
consists of a mixture of calcium silicate, bismuth oxide,
calcium carbonate, calcium sulphate and calcium aluminate.
Mixed with water it sets to an amorphous hard cement. MTA
has the following properties which appear to be useful in its
use as an endodontic material:

• It has during setting time a pH of 10.2–12.5, a character-
istic which may be useful for hard tissue induction

• It requires a moist environment during setting, a charac-
teristic useful in the apical area

• It creates a bacteria-tight seal
• It is biocompatible, implying that dentin and cementum

may be formed on top of it

In dental traumatology MTA can be used in the following
situations:

• Pulpotomy
• Apexification in luxated or replanted teeth
• Root fracture treatment

Long-term studies will demonstrate its potential for replac-
ing calcium hydroxide in the endodontic procedures
described.
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Treatment planning for patients with traumatized teeth
involves a detailed evaluation of both the prognosis for the
injured teeth and treatment of an eventual malocclusion. A
coordinated treatment plan, incorporating clinical and radi-
ographic findings of healing and of complications must be
established before orthodontic treatment is initiated. This
plan should be based on a realistic evaluation of the prog-
nosis for the injured teeth.

Diagnosis and treatment planning

Preventive orthodontics

Dental injuries in the mixed and permanent dentitions are
most frequent in children from 8 to 9 years of age and most
injuries involve the upper incisors. Boys are injured twice as
often as girls. Patients with an increased overjet are at sig-
nificantly greater risk of dental injury (1–22). One study has
shown that an increase of the overjet from 0–3 mm to 3–
6 mm doubles the extent of traumatic dental injuries. With
an overjet exceeding 6 mm, the severity is tripled (20, 139).
An additional trauma factor is insufficient lip closure, which
often leaves the upper incisors unprotected (10–11, 14,
137–140). Many authors claim that this is the most impor-
tant factor (141). Patients treated for dental injuries often
sustain repeated trauma to the teeth (13), particularly if the
first trauma occurs before the age of 11 years (142).

Considering the frequency of traumatic dental injuries 
in school-age children, it is apparent that the majority 
of children with increased maxillary overjet will have 
sustained a traumatic dental injury prior to school-leaving
age (13, 20, 23–25). The treatment of increased maxillary
overjet should therefore begin early, as a precaution against
traumatic dental injuries (81–82, 143). If this is not 
possible, the child should be provided with a mouthguard
during contact sports. Such a mouthguard can even be com-
bined with a fixed orthodontic appliance (see Chapter 
30).

Primary dentition

Avulsion or extraction of primary incisors can lead to drift-
ing of adjacent teeth as well as disturbances in eruption of
the permanent successors (145). Early loss of primary teeth
sometimes leads to delayed eruption of the permanent suc-
cessors often in a more labial position (26–28). Conversely,
loss of primary teeth at a later stage of development can lead
to premature eruption of permanent teeth (27). However,
these disturbances do not usually lead to loss of space and
consequently do not require space maintenance or other
orthodontic treatment (29).

Mixed dentition

To minimize the risk of injuries in patients with proclined
upper incisors, orthodontic treatment should be planned 
at the mixed dentition stage (144). Treatment of skeletal 
and dento-alveolar deviations, particularly in patients with
Angle Class II, division 1 and 2 malocclusions, should be
based on individual growth rate (30).

In the case of accidental loss of one or more incisors, it
should be decided at the mixed dentition stage whether to
partially or completely close the space or to maintain it.
Rapid mesial tipping of the incisor and midline shift may
jeopardize later careful treatment planning. This is particu-
larly true during eruption of the upper canines. It is there-
fore important to use a space maintainer to avoid such side
effects (Fig. 24.1).

In patients with skeletal deviations, extraoral forces can be
used. But in some Class II division 1 cases with accidental loss
of one or more permanent incisors, it may be better to leave
the molars in their distoocclusion and close the space anteri-
orly. Mesial movement of lateral incisors to substitute a lost
central incisor can however be complicated because of the
anatomy and inclination of the lateral (see p. 691).

In patients with normal skeletal sagittal relations without
crowding, it is usually better to postpone orthodontic
therapy until the permanent dentition stage.

24
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Permanent dentition

If trauma occurs in the permanent dentition, it must be
determined whether any growth potential remains. Espe-
cially in cases with skeletal deviations, it is essential to coor-
dinate the remaining growth potential with the proposed
orthodontic treatment.

Factors in treatment planning

A treatment plan that involves the various dental specialities
(i.e. pedodontics, endodontics, oral surgery, orthodontics
and general dentistry) must be based on a realistic evalua-

A

C

E

B

D

F

Fig. 24.1 Use of a space maintainer in the mixed dentition. A. An 8-year-old boy. Due to a trauma in the primary dentition, the right upper incisor was
malformed, and adjacent teeth were tilting towards the area of the impacted incisor. The radiograph shows the condition at 8 years of age. Due to the
immature root development of the lateral incisor, surgery was postponed for 2 years. B. A removable plate with Adam’s clasps and fingersprings was
inserted for uprighting the tilted incisors. Due to large difference in incisor width and wide apical base conditions, space closure was not indicated. C
and D. When the teeth had been up righted, a prosthetic tooth was fitted to the plate. E and F. After eruption of the first bicuspids, and during eruption
of the canines, a lingual arch was soldered to molar bands. Occlusal stops on the first bicuspids and stops on both sides of a prosthetic tooth were used.
When the upper canines were fully erupted, an acid-etch bridge was constructed.
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tion of orthodontic treatment possibilities and optimal
treatment of the traumatized dentition. Before orthodontic
treatment of a traumatized dentition is initiated, a number
of factors should be evaluated. It must also be considered
that orthodontic movement of teeth with less favorable
prognosis might be justified to preserve the alveolar crest
during growth of the jaws (146). Even an uncomplicated
extraction of a tooth leads to loss of alveolar bone especially
in the labio-lingual direction which makes insertion of
future implants difficult (Fig. 24.2).

Treatment sequence and timing

Sequence and timing of treatment is essential in all denti-
tions. Dental injuries to the primary teeth most often occur
at 2 to 4 years of age. There is a close relationship between
the apices of the primary incisors and the permanent suc-
cessors. Thus a trauma to the primary dentition may cause
disturbances in development and eruption of the permanent
successors (Fig. 24.3).

In general, orthodontic treatment should be initiated in
the mixed dentition. In cases of trauma at an early age, treat-
ment can be shorter and performed with less complicated
appliances if the age of the patient as well as the dental and
skeletal development and maturity are considered (Fig.
24.4).

Observation periods prior to orthodontic
treatment

Crown and crown-root fractures

Crown fractures and crown-root fractures without pulpal
involvement have a good prognosis if properly treated. An
observation period of about 3 months prior to initiation of
treatment is sufficient.

A crown and crown-root fracture with pulpal involve-
ment can be treated orthodontically after partial pulpec-
tomy, once a hard tissue barrier has been established. As a

rule, such a barrier can be diagnosed radiographically 3
months after treatment.

Root fractures

While an observation period of 2 years has been recom-
mended before orthodontic movement of root-fractured
teeth (31), clinical experience indicates that most complica-
tions (e.g. pulp necrosis) occur during the 1st year after the
trauma (83–84, 147–148). Thus the observation period may
be shortened if no complications occur.

Luxated teeth

After luxation of teeth, a number of complications (e.g. pulp
necrosis, root resorption and loss of marginal bone) may
occur. Clinical experience indicates an observation period of
at least 3 months after a mild injury (e.g. concussion and
subluxation).

Pulp canal obliteration as a consequence of trauma indi-
cates repair of the traumatized pulp. However, a repeated
trauma or a heavy orthodontic force may cause further
damage to the pulp.

After a moderate or severe luxation injury, endodontic
treatment is most often needed. Then orthodontic move-
ment should be postponed until there is radiographic evi-
dence of healing. A follow-up period with clinical and
radiographic controls of the endodontic treatment during 3
to 4 years has been advocated (Chapter 22). If orthodontic
treatment is indicated, however, it is not reasonable to wait
such a long time before start or continuing treatment in
most cases. But it is advisable from clinical experience to
delay start of the orthodontic movement until a permanent
root filling has been performed.

Endodontically-treated teeth

The risk of root resorption during movement of endodon-
tically treated teeth has been debated for years. A slightly

A B

Fig. 24.2 Reduced volume of the alveolar bone in buccal/palatinal direction after loss of a permanent tooth. A. An 18-year-old boy whose left upper
incisor was extracted conventionally at the age of 12 years. B. A 10-year-old girl whose left upper incisor was avulsed two years earlier.
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Fig. 24.3 Treatment sequence
and timing
A 2-year-old boy with both central
primary incisors intruded.

Follow-up at 6 years of age
Both upper incisors and the right
lateral are dilacerated and the right
lower incisor is tipped distally.

Clinical appearance at 8 years of
age
To avoid involvement of the pulp and
ensure further root development, the
hypomineralized crowns are restored.
Note midline shift in the lower jaw.

Panoramic radiograph at 11 years
of age
Due to a second traumatic injury the
left upper incisor has been treated
endodontically. Crowding in the right
sides in both jaws is seen. Auto-
transplantation of the second right
upper premolar and the first right
lower premolar is decided. Note differ-
ence in root development of the 
premolars.
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Extraction of the right upper
incisor
Note crown dilaceration.

Extraction of the right lower first
premolar

Right upper second premolar
transplanted into left central
incisor position
The first transplant restored with com-
posite as well as the hypomineralized
lateral. Radiograph 1 year after the
first autotransplantation.

Condition 3 years after first auto-
transplantation
No orthodontic treatment performed.

Right lower first premolar trans-
planted into right central incisor
position
Radiograph two months after auto-
transplantation. Note damage to the
lateral.
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greater frequency of root resorption after orthodontic treat-
ment has been reported in endodontically-treated compared
to vital teeth by Wickwire et al. (32). Remington et al. (85)
found that root-filled teeth sometimes resorb less than their
vital antimeres (Fig. 24.5). Even though these differences
were statistically significant they were minimal (0.7 mm)
(85). Similar observations have been reported by Spurrier et
al. (86). Mirabella and Artun (149) claim that endodontic
treatment is a preventive factor. A few root-filled teeth,
however, resorb for unknown reasons (Fig. 24.6). An exper-
imental study by Hunter et al. (138) showed no difference
in the frequency of root resorption after orthodontic move-
ment when comparing vital and endodontically-treated
teeth. In a comprehensive literature review, Hamilton and
Gutman conclude that minimal resorptive/remodeling
changes occur apically in teeth that are being moved ortho-
dontically and that are well cleaned, shaped and three-
dimensionally root canal obturated (Fig. 24.5) (150). These

conclusions coincide with the authors´ observation that
root-filled teeth without signs of already existing root
resorption can normally be moved without extensive root
resorption (91).

Pulp canal obliterated teeth

Pulp canal obliteration is a common sequel after luxation of
immature teeth. It has been debated whether these teeth can
be moved without losing pulp vitality or severe apical
resorptions. This has been examined in a clinical study of 9
teeth by the author. No apical resorptions or radiolucency
were seen (91). Obliteration is also always seen after auto-
transplantation of immature teeth and even those teeth can
be moved with only a limited risk of negative effects (see p.
689) (122). However it is essential to closely monitor oblit-
erated teeth during orthodontic movement.

A B

Fig. 24.4 Skeletal development 
of the face as well as the skeletal 
maturation are important factors to
consider. A. Annual profile radiographs
can be used to evaluate the growth
intensity and direction of the jaws. B.
Annual standing height measurements
can be used to evaluate the actual
growth period of the patient; normal
growth or pubertal growth spurt.

A B

Fig. 24.5 Response of a vital and a
root filled tooth to orthodontic move-
ment. The patient had a Class II div. 1
malocclusion and was treated with
fixed appliances for 18 months. A.
Condition before orthodontic treat-
ment. Both central incisors sustained
traumatic dental injury. As a result,
the left central incisor was treated
endodontically due to pulp necrosis.
B. After orthodontic treatment, the 
left central incisor demonstrates slight
apical root resorption and the right
central incisor, with a vital pulp, severe
root resorption. Both teeth were
moved orthodontically in the same
manner.
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Root surface resorption (external root
resorption)

Damage to the periodontal ligament after a trauma can
result in three types of external root resorption: surface
resorption, inflammatory resorption and replacement
resorption.

Surface resorption (repair-related resorption) implies a self-
limiting resorption process, which is repaired with new
cementum. Teeth with minor surface resorptions can be
moved orthodontically with a prognosis similar to that of
uninjured teeth.

Inflammatory resorption (infection-related resorption)
implies a rapid resorption of both cementum and dentin
with inflammation of adjacent periodontal tissue. This type
of resorption is related to an infected and necrotic pulp and
can usually be seen 3 to 6 weeks after injury. It is essential
that proper endodontic treatment be initiated immediately.
Arrest of the inflammatory resorption can be seen in about
96% of cases (87) (see Chapter 22, p. 635). Orthodontic
treatment should be postponed until radiographic healing
is seen and at least one year should elapse before orthodon-
tic treatment is instituted. Teeth with evidence of root
resorption appear to be more liable to further resorption
during orthodontic movement (32–35, 88, 91) (Fig. 24.7).
This does not necessarily contraindicate orthodontic treat-
ment; but special care should be taken to avoid excessive
pressure during movement (Fig. 24.8).

Replacement resorption (ankylosis) implies fusion of the
alveolar bone and root substance and disappearance of
the periodontal ligament space.This type of resorption is pro-
gressive, eventually involving the entire root. The rate 
of resorption varies with the degree of damage of the peri-
odontal ligament and age and growth rate of the patient (168).

In children and adolescents, the ankylosed tooth prevents
growth of the jaw segment. The ankylosed tooth may thus

become infraoccluded, permitting the adjacent teeth to tilt
towards the affected tooth. Ankylosed teeth do not respond
to orthodontic movement (Fig. 24.9). This resorption entity
can be recognized clinically during the first 2 months after
injury and most often within 1 year after a severe trauma.
The tooth becomes immobile and percussion produces a
high tone compared with adjacent uninjured teeth. If the
patient is in a period of rapid growth and the degree of
infraocclusion is more than 1/4 of the crown length, the 
tooth should be removed. A special extraction technique is 
then needed to avoid excessive loss of alveolar bone (90) (see
page 700).

General treatment principles

During orthodontic treatment, special care should be taken
to avoid excessive pressure on traumatized teeth to reduce
the risk of root surface resorption.

It is necessary to carefully study the anatomy of the roots
before treatment (Fig. 24.10). An assessment of the radi-
ographic outline of the apex provides useful information
regarding the risk of root resorption during orthodontic
treatment (88) (Fig. 24.11). Roots with pipette shaped, blunt
or bent apices are more liable to root resorption than teeth
with normal root forms (Figs 24.12 and 24.13). A root
resorption index permits quantitative assessment of root
conditions prior to treatment and can be used for evalua-
tion of further resorption (88) (Fig. 24.14).

It has been shown that movement into labial or lingual
cortical bone can initiate extensive root resorption; it is
therefore important to establish the borders of the cortical
bone, based on profile radiographs, prior to initiation of
orthodontic therapy (37–38, 93) (Fig. 24.15). Particularly if

A B

Fig. 24.6 Different responses to
orthodontic movement of 2 endodon-
tically treated teeth. Both teeth were
moved in the same manner.The patient
had a Class II div. 1 malocclusion and
was treated with fixed appliances for
19 months. A. Before orthodontic
treatment. Both central incisors were
traumatically injured and root filled. B.
After orthodontic treatment, the right
central incisor demonstrates slight root
resorption, while the left central incisor
demonstrates unusually extensive root
resorption.
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A B C

Fig. 24.7 Vital teeth with signs of root resorption before orthodontic treatment. A. The lateral incisor shows an irregular root contour due to root resorp-
tion prior to initiation of orthodontic treatment. B. Conditions after orthodontic treatment with fixed appliances for 20 months. Extensive root resorp-
tion of the incisors has taken place. C. At a 10-year follow-up, slight rounding of the resorbed root surface can be seen. Otherwise, there has been no
progression of the root resorption.

A B C

Fig. 24.8 Patient with Class II div 1 malocclusion and severe root resorption of both central incisors due to trauma. Orthodontic treatment is possible
if it is performed carefully. A. Condition before orthodontic treatment. Activator treatment was carried out for 2 years. B. Seven years later, slight round-
ing of the root surfaces is seen. Secondary crowding developed later, and 4 first premolars were extracted. Fixed appliances were then used for 18
months. C. Control after 20 years. There has been no progression of the resorptive process.



A
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Fig. 24.9 Treatment failure due to ankylosis. A. An 11-year-old girl with an ankylosed left upper incisor in infraposition. B. An orthodontic appliance
with an extrusion force was applied. C. 6 months later, there is intrusion of all adjacent teeth. D. Relapse after treatment. Despite composite build-up,
the outcome is a failure.

A B C

Fig. 24.10 Root anatomy differing from normal and prone to resorption. Special care must be taken in these cases to avoid excessive forces during
tooth movement. A. Incisors with slightly irregular apical root contour. B. Concavity along the distal surface of the root (surface resorption). C. Root 
malformation.
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the alveolar crest is narrow, resorption can easily occur (Fig.
24.15B). During retraction of the maxillary incisors, it is
necessary to avoid juxtaposition with the palatal or buccal
cortical plates (Fig. 24.15C, D). In many situations, the inci-
sors are protrusive and require palatal root torque during
retraction. It is then advisable to perform this root move-
ment in the roomier cancellous bone than in the compact
cortical bone of the maxillary alveolus (Fig. 24.15E). It is
therefore desirable to use a treatment approach that can
intrude the anterior segment at the onset of orthodontic
therapy (39).

There are some factors, which, alone or in combination,
can contribute to the development of root resorption.
The importance of forces has been discussed for years.
Most authors consider only heavy forces to be respon-
sible for root resorption (33–34, 40–41). Intensity and 
duration of forces are, however, also of great importance
(94).

Continuous heavy forces could cause resorption (42).
Prolonged tipping can also cause resorption of a tooth as
well as resorption of the alveolar crest, especially in 
adult patients (42, 95). Thus, there is no single explanation

A B C D E F

Fig. 24.11 Root resorption developing during orthodontic treatment in teeth with abnormal root anatomy. A. Slightly irregular apical contour of a left
central incisor. B. Marked root resorption after treatment. C. Right central incisor with a concavity along the distal root surface. D. Root resorption seen
after treatment. E. Malformed root of a right central incisor. F. Marked root resorption is evident after treatment. All patients were treated with fixed
appliances for 18–21 months.

Fig. 24.12 Deviating root forms. 1.
Short root. 2. Blunt root. 3. Root with
apical bend. 4. Root with apical pipette
shape.
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as to why certain teeth resorb severely; but one factor often
mentioned in the literature is a previous dental trauma.

In a study of root resorption after orthodontic treatment
of traumatized teeth, 55 traumatized incisors were analyzed
(91). All teeth had been examined at the time of injury by
experienced pedodontists at the Eastman Institute in Stock-
holm according to standardized procedures. The types of
injury were: crown fracture in 18 teeth and periodontal
injury in 37 (i.e. concussion, subluxation or luxation). Signs
of root resorption before and after treatment were registered
with scores from 0 to 4 (Fig. 24.16).

After orthodontic treatment, 49% of the traumatized 
incisors showed an irregular root contour, 32% minor

resorption, 15% moderate root resorption and only 4% (2
teeth) showed severe resorption. The resorptions were more
frequent in teeth with luxation injuries, but the difference
was not significant (Fig. 24.16, top). The extent of root re-
sorption was the same in the traumatized and in the contra
lateral control uninjured teeth in the same individual.

The extent of root resorption in the traumatized teeth was
also compared with that of uninjured incisors in a group of
55 consecutive patients treated with fixed appliances (edge-
wise and Begg technique) and extraction of 4 first bicuspids.
No significant difference was found in the tendency towards
root resorption of traumatized and uninjured teeth (Fig.
24.16). However, a few teeth that exhibited resorption 

Fig. 24.13 Typical effect of root resorption. A. A pipette-shaped root (1)
before and (2) after treatment. B. A blunt root (1) before and (2) after treat-
ment. C. A root with an apical bend (1) before and (2) after treatment.
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Fig. 24.14 Root resorption index used for quantitative assessment of root resorption. Score description: 1. Irregular root contour; 2. Root resorption
apically amounting to less than 2mm of the original root length; 3. Root resorption apically amounting to from 2mm to one-third of the original root
length; 4. Root resorption exceeding one-third of the original root length; 5. Lateral root resorption.

A B C D E

Fig. 24.15 Schematic drawing illustrating the importance of examining the relation between the position of the root and cortical bone prior to ortho-
dontic treatment. A. An alveolar crest with a wide cancellous bone area. B. An alveolar crest with a narrow cancellous bone area. C. Lingual tipping of
the crown moves the root into juxtaposition with the buccal cortical plate, which can initiate root resorption. D. Lingual root torque during retraction
can move the root into juxtaposition with the palatal cortical bone, which can initiate root resorption. E. Intrusion of an incisor into the roomier can-
cellous part of the bone area is probably the best procedure.
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Fig. 24.16 Degree of root resorption
after orthodontic treatment of 55 
traumatized teeth. From MALMGREN
et al. (91) 1982.

Root resorption in 264 incisors without
trauma treated with edgewise tech-
nique.

Root resorption in 176 incisors without
trauma, treated with Begg technique.
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before orthodontic treatment were severely resorbed during
treatment.

The risk of root resorption during orthodontic treatment
with fixed appliances was studied in relation to initial
resorption 6–9 months after start of treatment in 98 con-
secutive patients. The mean treatment time was 19 months.
A total of 390 incisors were examined (Fig. 24.17). The same
type of index as illustrated in Fig. 24.14 was used. The results
are illustrated in Figs 24.17 and 24.18. Minor resorption was
found in 33% of the teeth and severe resorption in 1%. No
severe resorption after treatment was found in any teeth
without resorption after initial treatment (i.e. 6–9 months).
In teeth with an irregular root contour, 12% showed severe
resorption at the end of treatment. In teeth with minor
resorption after initial treatment, 38% showed severe
resorption. Extreme resorption was registered in 4 of 5 teeth
with severe resorption after initial treatment.

The conclusions are: if a severe resorption is found after

half a year of treatment with a fixed appliance, there is a high
risk of extreme resorption at the end of treatment; minor
resorption at that time indicates a moderate risk of severe
resorption; irregular root contour indicates a limited risk of
severe resorption at the end of treatment.

Therefore, regular radiographic controls are necessary in
order to check if any root resorption occurs or increases
during treatment. It is advisable to make the first control 6–9
months after the start of treatment. If signs of root resorp-
tion are seen, controls every 2 months are recommended. A
pause in treatment for about 3 months can reduce the risk
of further resorption (89) (Fig. 24.19). Marked root resorp-
tion diagnosed at this time should lead to re-evaluation of
the treatment goal.

Thus, in trauma patients it is imperative to start treatment
with light, preferably intermittent forces, avoid prolonged
tipping, aim at a limited goal and in this way achieve a
shorter treatment procedure.

Fig. 24.17 Frequency of root resorp-
tion after orthodontic treatment with
fixed appliances in a study of 390 inci-
sors. The radiographic examinations
were performed before treatment,
after 6 to 9 months and finally after
completion of treatment. The index
scores presented in Fig. 24.14 were
used. From LEVANDER & MALMGREN
(88) 1988.

Fig. 24.18 Root resorption after completion of treatment in relation to initial resorption status. A. (1) Status before treatment. (2) After 6 months there
is no resorption. (3) At the end of treatment, minor resorption and blunting of the apex is seen. B. (1) Before treatment. (2) After 6 months, minor resorp-
tion is seen. (3) At the end of treatment, severe resorption is seen.
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Fig. 24.19 Root resorption in relation
to two orthodontic treatment regi-
mens. Material of 62 upper incisors
was studied. In all teeth, a minor apical
root resorption was observed after the
initial 6 to 9 months of treatment with
a fixed appliance. In 20 patients (group
I) treatment continued according to
the original plan and 20 patients had
a treatment pause of 2 to 3 months
(group II). There was significantly less
root resorption in patients treated with
a pause than in those without. From
LEVANDER et al. (89) 1994.

Continuous treatment
An upper lateral incisor before treat-
ment; after 6 months when a minor
resorption is seen; and at the end 
of treatment when the resorption 
is severe. Treatment was performed
without pause.

Treatment with pause
An upper incisor before treatment;
after 6 months when a minor resorp-
tion is seen; and at the end of treat-
ment, when no further resorption is
observed.
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In the following, orthodontic treatment of various types
of dental injuries will be discussed.

Specific treatment principles for various
trauma types

Crown and crown-root fractures

It is essential that, even in teeth with slight injuries such as
uncomplicated crown fractures, tests for sensibility and a
radiographic examination are made before the start of
orthodontic treatment. When in doubt as to the clinical con-
dition of the pulp, a 3-month observation period with
repeated sensibility tests is recommended before initiating
orthodontic treatment.

A complicated crown fracture implies involvement of
enamel, dentin and pulp. A complicated crown-root fracture
also involves the root cement.

Capping of the pulp or partial pulpotomy on proper indi-
cations followed by a calcium hydroxide cover will in most
cases preserve the vitality of the pulp (see Chapter 22,
p. 600).

It is recommended that orthodontic movement of
the injured immature teeth is postponed until root devel-
opment is seen to resume. Clinical and radiographic 
controls should be carried out after 6 months, 1 year and 2
years.

Extrusion of crown-root and cervical 
root fractures

To complete a crown restoration of a tooth with a crown-
root or a cervical root fracture, it is often necessary to
extrude the fractured root orthodontically (69–74, 97–103).
Different types of fractures amenable to orthodontic extru-
sion are illustrated in Figs 24.20 and 24.21.

Fig. 24.20 Rapid extrusion of a
crown-root fractured central
incisor
A steel hook is cemented in the root
canal. Traction with an elastic thread is
applied axially.

Condition after 4 weeks
The root is fully extruded and retained
with a stainless steel ligature wire.

Condition after raising a muco-
periosteal flap
No coronal shift of the bone margin is
found. Note the rapid remodelling of
bone surrounding the apex.
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Fig. 24.21 Orthodontic extrusion
of teeth with crown-root frac-
tures reaching below the mar-
ginal level
Oblique crown-root fracture below the
marginal bone buccally.

Crown-root fracture extending below
marginal bone proximally.

Oblique crown-root fracture below the
marginal bone palatally.

Transverse root fracture.
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Orthodontic extrusion can be performed with a variety
of orthodontic appliances. A rapid extrusion technique to
save such teeth was introduced by Heithersay in 1973 (69)
and further developed by Ingber in 1976 (71). Endodontic
treatment of the root portion is usually performed before
the orthodontic phase of treatment.

Orthodontic extrusion normally leads to a coronal shift
of the marginal gingiva (40, 77) caused by growth of
the attached gingiva and not by coronal displacement of
the muco-gingival junction (Fig. 24.20). The increase 
of gingival tissue may partially mask the extent of root 
extrusion.

Rapid extrusion involves stretching and readjusting of the
periodontal fibres, thereby avoiding marked bone remodel-
ling by virtue of the rapid movement. It can thus be achieved

without a coronal shift of marginal bone, thereby facilitating
the coronal restoration, as there is no need to reshape bone.

Relapse may follow orthodontic extrusion, the prime
reason being the stretched state of marginal periodontal
fibres (72). To avoid relapse, fibrotomy should be performed
before the retention period, which should last at least 3–4
weeks (101–102) (Fig. 24.22).

A non-vital tooth can be extruded, 3–5 mm during 3–4
weeks. Rapid movement is possible because stretching and
readjusting the fibres accomplish bone remodelling. Rapid
extrusion of teeth, in comparison to conventional ortho-
dontic extrusion, may in rare cases elicit root resorption
(103). However, both histological and clinical studies of
extruded teeth indicate that root resorption after extrusion
is very rare (69–75, 97–102).

Fig. 24.22 Orthodontic extrusion
of a crown-root fractured central
incisor
The coronal fragment has been used as
a temporary crown, cemented with a
screw post in the root canal.

Orthodontic appliance
A heat-treated spring of Elgiloy® wire
(0.016 × 0.016 inches) with a force of
approximately 60 to 70p is used for
the extrusion.

Condition after 1 week
The tooth has been extruded 1.5mm.
The crown is shortened to enable
further extrusion.

Condition after 2 weeks
The tooth has been extruded another
1.5mm and the root is now available
for preparation.
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For a tooth with a complicated crown-root or cervical
root fracture, two types of therapy are available, orthodon-
tic or surgical extrusion (104–106, 164–165). In fractures
below the marginal bone palatally surgical extrusion com-
bined with rotation of the root 180°, less extrusion is needed
favoring the bone support of the root (see Chapter 11). In
teeth with thin root canal walls, i.e. teeth treated endodon-
tically at an early stage of root formation, orthodontic extru-
sion seems to be less traumatic.

Root fractures

Orthodontic management of root-fractured teeth depends
on the type of healing and location of the fracture (31,
107–108). Radiographic and histological observations have
shown different types of healing after root fracture: healing
with calcified tissue and with interposition of connective
tissue, sometimes combined with ingrowth of bone between
fragments (107–109).

Healing with calcified tissue means that the fracture is
healed with dentin and cementum. The bridging of the frac-
ture may not be complete, but the fracture is consolidated.
Tooth mobility is normal, as is response to pulpal sensibil-
ity testing. Orthodontic movement of a root-fractured
tooth, which has healed with a hard tissue callus, can be per-

formed without breaking up the fracture site (Fig. 24.23).
Healing with interposition of connective tissue means

that the fracture edges are covered with cementum and 
PDL. Orthodontic movement of a root-fractured tooth
where the fragments are separated by connective tissue leads
to further separation of the fragments (Fig. 24.24). A
common finding after treatment is rounding of fracture
edges. In planning orthodontic therapy, it must therefore 
be realized that a fractured root with interposition of con-
nective tissue should be looked upon as a tooth with a short
root. As a result, such a tooth must be evaluated with respect
to the length of the coronal fragment. This means that teeth
with fractures in the apical third of the root generally have
enough periodontal support to allow orthodontic move-
ment (Fig. 24.25A). Teeth with fractures located in the
middle third of the root represent a hazard to tooth integrity
because of the risk of further shortening of the very short
coronal fragment (Fig. 24.25B). Orthodontic movement of
such a tooth may result in a root with very little periodon-
tal support. In cervical root fractures, the apical fragment
can sometimes be extruded with a rapid extrusion technique
or by surgical means (Fig. 24.25C).

Movement of root-fractured teeth with an adequate root
filling may be performed with the same prognosis as when
the coronal fragment is vital.

Fig. 24.22 (cont.)
Fibrotomy
A fibrotomy extending below the level
of marginal bone is performed prior to
the retention period.

Retention
The extruded tooth is splinted to adja-
cent teeth.

Final restoration
A post-retained crown is fabricated.
Radiographically there is no sign of
resorption after 2 years.
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Luxated teeth

It has not yet been clearly established whether luxated teeth
are more liable to resorb during orthodontic treatment than
non-injured teeth (68). In one study, luxated teeth were
reported to develop more root resorption than their non-
injured antimeres (43). However, in the evaluation of the
results, the different types of luxation injuries were not taken
into account. With respect to the occurrence of root resorp-
tion, it has been observed clinically that luxated teeth
without root resorption can be moved with the same prog-
nosis as non-injured teeth (91). Teeth with repaired surface
resorption or repaired inflammatory resorption should be
followed carefully during orthodontic treatment. A radi-
ographic assessment of the outline of the roots prior 
to treatment gives information of some risk factors, such as
an irregular root contour, concavities along the surface of the
root, or root malformation (88). Regular radiographic con-
trols are necessary in order to disclose early root resorption.
An index provides a useful tool for quantitative assessment
of root conditions during treatment (85, 88–89, 91).

Inflammatory and replacement resorption can be clearly
related to traumatic injuries and have never been reported
as a result of orthodontic treatment alone. Luxated teeth,
which have developed inflammatory resorption, should be

treated endodontically and observed for arrest of root
resorption prior to initiation of orthodontic movement.
Teeth with ankylosis (replacement resorption) do not
respond to orthodontic treatment (Fig. 24.9).

Avulsed teeth

Primary teeth

Traumatic loss of a primary tooth is no indication for
orthodontic treatment (29). A secondary effect of the trau-
matic episode might be malformation or impaction of the
succedaneous tooth. The orthodontic implication of this
will be discussed later in this chapter.

Permanent teeth

After traumatic loss of permanent teeth, orthodontic treat-
ment planning becomes relevant (46–54, 110–114). The
main question is whether the space should be maintained
for tooth replacement by autotransplantation, implant
insertion or fixed bridgework. (An analysis of the long-term
prognosis for these treatment procedures is given in Chapter
26.)

An unfavorable development of the width and height of the
alveolar crest is often seen in growing individuals with missing

A B

C D E

Fig. 24.23 Orthodontic movement of
a root fractured tooth healed by a hard
tissue callus. A. Models of a Class II
div. 1 malocclusion with deep bite
before and B. after treatment. The
patient was treated with extraoral trac-
tion and an activator for 2 years. C. The
root fractured incisor before treatment.
Note internal surface resorption at 
the level of the root fracture, which 
is typical for hard tissue healing. D.
Immediately after active treatment.
There is obliteration of only the apical
part of the root canal, also an indica-
tion of continued hard tissue fracture
healing. E. Condition 4 years after
active treatment. Note that tooth
movement was achieved without sep-
arating the fragments.
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maxillary incisors (Fig. 24.2). Severe traumatic injuries can
also damage the alveolar ridge. Autotransplantation of pre-
molars to replace missing incisors can contribute to favorable
development of the alveolar bone (115–116).

Autotransplantation can be performed with both imma-
ture and mature teeth, but most reports conclude that auto-

transplantation has the best prognosis if performed when
the tooth germ has developed to three-fourths of its antici-
pated root length or to full length with a wide open apex
(117–121) (see Chapter 27). At this stage of root develop-
ment, vitality of the pulp can be maintained and root devel-
opment continued (Fig. 24.26). Transplanted teeth can be

A B

C D E F

Fig. 24.24 Orthodontic movement of
a root-fractured tooth with healing by
interposition of connective tissue. A.
Models of a Class II div. 1 malocclusion
with deep bite before and B. after
treatment. The patient was treated
with a fixed appliance for 19 months.
C. The fractured incisor 3 years prior to
treatment. Note initial obliteration of
the apical and coronal aspects of the
root canal. D. Condition at the start of
orthodontic treatment. There is round-
ing of the fracture edges and oblitera-
tion of the entire root canal, and
indications of interposition of connec-
tive tissue between root fragments. E.
Four months after the start of ortho-
dontic treatment. F. Condition 2 years
after orthodontic treatment.

A B C

Fig. 24.25 Evaluation of the prognosis for orthodontic treatment of root-fractured teeth healed with interposition of connective tissue. A. Root frac-
tures apically of line d. The coronal part of the root is so long that movement of the root is possible without impairment of the prognosis. B. Root frac-
tures between d and c. The coronal portion of the root is long enough to withstand careful orthodontic movement. Note the thin labial part of the root
(arrow) which can easily resorb during orthodontic movement and which will lead to a significant shortening of the root length. C. Root fractures between
c and b. The coronal part of the root is usually too short to assure enough periodontal support and orthodontic treatment is therefore contraindicated.
If the fracture line is too close to b, extrusion of the apical fragment is an alternative.
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Fig. 24.26 Combined orthodontic
treatment and premolar auto-
transplantation after anterior
tooth loss
Three maxillary incisors have been
avulsed in a 10-year-old girl. Note the
extensive loss of alveolar bone buc-
cally. Radiographic examination
revealed that the mandibular second
premolars were suitable as grafts.

Temporary restoration
A temporary plate with 2 incisors is
used as a space maintainer. After 5
months the upper right cuspid has
erupted in a mesial position. The
cuspid was therefore moved distally
with elastics to make room for the 2
transplants.

Autotransplantation of premolars
Two years after the trauma, the roots
of the premolars have developed to 
3/4 of anticipated root length. The 
premolars are then transplanted to 
the central incisor region. The teeth are
aligned with a fixed appliance 6
months after transplantation.

Completion of treatment
At the end of treatment the premolars
and the cuspid are recontoured with
composite resin. The clinical and 
radiographic situation is shown 6 
years after trauma and 4 years after
transplantation.
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moved with only a minor loss of root length (122) (Fig.
24.27).

Osseointegrated implants have been used extensively
during the last years to substitute missing anterior teeth. The
implants are stationary in the jaws and do not erupt during
the dental and alveolar development. It is therefore impor-
tant to ensure that growth and development has ceased
before the implant is placed. Periodic supervision of growth
increments is essential for the result. The dental age must be
fully erupted permanent teeth, and the skeletal maturation
must be nearly completed, confirmed by a growth curve or
a hand-wrist radiograph (Chapter 28).

Space closure

Space closure is of prime importance in patients with max-
illary arch length deficiency in Class I and II malocclusions.

Treatment should start early or at least be planned in the
mixed dentition. It is then possible by extraction or inter-
proximal reduction of deciduous molars to guide molars,
premolars and canines mesially. An intact dental arch can
then be obtained with minor or no appliance therapy.

Space closure for a missing maxillary lateral incisor
usually implies mesial positioning of the maxillary cuspid in
the lateral incisor region. Periodontal status has been
reported to be better in patients with closed lateral incisor
spaces than in patients with prosthetic lateral incisors (55).
Treatment of missing maxillary lateral incisors in patients
with Class I malocclusion is schematically illustrated in Fig.
24.28A–F (114). The same principles can be applied in cases
with loss of central incisors.

Mesial movement of a lateral with fixed appliance to
replace a missing upper central incisor is complex. There is
a risk of space reopening, increased load on the root to

A

B

C

Fig. 24.27 Orthodontic movement of autotransplanted teeth. A. A 12.5-year-old boy with bimaxillar crowding. Both upper incisors have poor progno-
sis due to ankylosis after a traumatic injury. B. Both maxillary second permanent premolars transplanted to incisor position. Note position of the lingual
cusps. C. Orthodontic treatment and composite restoration, with radiograph 3 years after orthodontic treatment.
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support a larger crown and unfavorable fit of the prosthetic
crown in the cervical area. Czochrowska et al. (151),
however, found in a follow-up study of 20 consecutively
treated patients that most patients (85%) were satisfied
regarding the esthetic result, but only 50% of the profes-
sionals. Another study showed that unilateral space closure
often resulted in a high degree of patient dissatisfaction (see
Chapter 29). Crown form and inclination of the lateral 
incisors and canines must be favorable. The lateral must be
properly uprighted both in mesial-distal and labio-lingual
direction (Figs 24.29–24.31).

Crown form, dental arch symmetry and lip seal are
important factors for an acceptable end result. Altering the
crown forms with composite material in the mixed denti-
tion and later on with porcelain veneers in the permanent
dentition and grinding of canines, sometimes supplemented
with gingivectomy to adjust differences in clinical crown
height can contribute to an esthetically pleasing result
(57–59, 152) (Fig. 24.32).

In cases where there is doubt about the functional or
esthetic result of space closure after incisor loss, it is advis-
able to wait until growth of the jaws is finished (153).
Meanwhile, the space can be maintained prosthetically (60,
61).

When treatment is planned, arch length and form, crown
form and inclination of the anterior teeth should be studied
carefully on casts and radiographs. Different alternatives of
tooth position and compensatory extractions can be studied

on diagnostic set-up models. The set-up model also facili-
tates discussion with the patient, parents and colleagues
(Fig. 24.33).

Space maintenance

When space closure is contraindicated, a space maintainer
can be constructed. This situation arises if more than one
incisor is lost in the same arch. It is also true in patients with
good alignment of teeth and normal occlusion, and in
patients with spaces between teeth. If a tooth is lost in the
upper jaw in a Class II division 2 or a Class III malocclusion,
a space maintainer is often the treatment of choice.

For esthetic reasons, space maintainance is indicated if
there is great discrepancy in crown form between central
and lateral incisors. The crown form of cuspids sometimes
also contraindicates space closure. Asymmetry of the upper
incisors after space closure could be very obvious in patients
with incomplete lip seal. A space maintainer followed by
autotransplantation, a fixed bridge or an implant is then to
be preferred.

A fixed space maintainer followed by bridgework is some-
times the only possible treatment in an uncooperative
patient who does not want appliance therapy. Various space
maintainers can be used. The easiest method is to use the
traumatized tooth for as long as possible, even when the
prognosis is poor. It is, however, important to control such
a tooth. If it becomes ankylosed, it should be extracted

A
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D

F

Fig. 24.28 Treatment alternatives
when a lateral incisor is avulsed in
a Class I malocclusion arch length
deficiency. A. Early extraction of
the primary second molar facili-
tates mesial movement of the first
permanent molar, arch length in
the upper jaw is thereby reduced.
B. The canine and premolars have
moved mesially one tooth width
and a Class II occlusion without
spacing has been achieved. No
arch length deficiency. C. The
canine is positioned mesially. The
root of the primary canine demon-
strates no extensive resorption. D.
The canine replaces the avulsed
lateral incisor and the primary
canine is used as a space main-
tainer as long as possible. E. A
space maintainer is constructed
while awaiting permanent therapy.
F. The canine is used as a lateral
incisor and a space is maintained
between the canine and the first
premolar.
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A B

Fig. 24.29 Closure of the space resulting from avulsion of a permanent left central incisor. A. The lateral incisor has moved mesially and has a fairly
good position, which would have been better if the tooth had been uprighted. Note the mesial drift of the central incisor. A base plate or a lingual arch
wire with a stop could have prevented this. B. The lateral incisor has been recontoured by selective grinding and the crown form reshaped with com-
posite resin.

Fig. 24.30 Schematic illustration of
the need for mesio-distal up righting of
a lateral incisor which has been moved
mesially to replace a missing maxillary
central incisor.

Fig. 24.31 Schematic illustration of buccal root torque of a lateral incisor
which is moved mesially to replace a missing maxillary central incisor. The
solid line illustrates the inclination of a central incisor and the dotted line
a lateral incisor.

Fig. 24.32 Reduction of a canine to simulate a lateral or central incisor.
The shaded areas illustrate the spots of grinding. The dotted line indicates
where a corner can be enhanced by composite resin build-up.
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before severe infraocclusion and tipping of adjacent teeth
has occurred (Fig. 24.34).

The most common space maintainer is a removable 
appliance with a prosthetic tooth (Fig. 24.1D). An alterna-
tive is a lingual arch soldered to bands on the molars 
with a prosthetic tooth fixed to the arch. In the early 
mixed dentition it is often favorable to place the bands on 
the second primary molars to avoid interference with erup-
tion of the first molars (Fig. 24.35). Later in the mixed den-
tition prior to eruption of the canines bands should be
placed on the first permanent molars. Occlusal stops to
prevent pressure on the alveolar ridge are important (Fig.
24.1E and F).

Various types of bonded appliances can also be used. An
important factor is that the different appliances do not inter-
fere with eruption of teeth and growth of jaws. In many
cases, space maintainers can be combined with orthodontic
appliances (Fig. 24.36). The crown of the extracted incisor
can also be used as a pontic.

Autotransplantation of bicuspids to maintain the alveolar
arch width and length in a growing child is illustrated in Fig.
24.27. The anatomy of the transplant is subsequently altered
by a composite resin restoration. Both pre- and post surgi-
cal treatment planning is important, to make transplanta-
tion possible at an optimal stage of root development of the

bicuspids and to minimize the post surgical movement of
the transplant (66, 67, 115, 117–121, 154).

Insertion of implants is important to consider but can
only be used when growth of the jaws and alveolar crest is
complete (see Chapter 28, p. 775).

If space maintenance is indicated, preprosthetic ortho-
dontic therapy is often necessary. Malocclusions due to
skeletal deviations (primarily open and deep bites, cross
bites and Class II malocclusions) should be treated in the
early permanent dentition. Remaining growth can thereby
facilitate orthodontic therapy. After this treatment, semi-
permanent prosthetic therapy can be provided. In other
malocclusions, treatment can be performed in close associ-
ation with the definitive therapy. This facilitates both ortho-
dontic and prosthetic treatment planning and shortens the
retention period.

Crown and root malformations

Malformations of permanent teeth due to traumatic injuries
to primary predecessors often lead to impaction (28). If root
development is reasonably advanced, combined surgical and
orthodontic realignment is possible. Thus, teeth with crown
or root dilacerations can be moved into a normal position

Fig. 24.33 A model set-up for a patient with aplasia of the maxillary right lateral incisor and traumatic loss of left central incisor. Treatment planning
involves mesial movement of the maxillary right central incisor, distal movement of left canine and alignment of the maxillary teeth. Acrylic teeth are
used as space maintainers during treatment and retention (to be continued in Fig. 24.36) can be decided how space closure can be achieved. In cases
with extreme crowding, however, it can be done at the time of initial treatment.

Fig. 24.34 Severe infraocclusion of a
central incisor with mesial tipping of
adjacent teeth and a midline deviation
in a 16-year-old boy. To avoid such
complications, the ankylosed tooth
should have been decoronated earlier.
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orthodontically. Treatment, however, should be postponed
until the mixed dentition stage.

Intruded teeth

Intrusion of a permanent tooth into the alveolar bone is a
severe traumatic injury. The trauma can cause pulp necro-
sis, root resorption and ankylosis. The risks of pulpal

damage and ankylosis are important considerations in treat-
ment planning. Orthodontic movement of a tooth with
small areas of replacement resorptions may be moved ini-
tially. Many years after treatment it will be obvious that
ankylosis further developed and the tooth is infraoccluded.

Pulp canal obliteration as a consequence of intrusive 
luxation can be seen in immature teeth (127,171).Special care
should be taken during orthodontic treatment of such teeth.

Fig. 24.35 Fixed space maintainer in early mixed dentition. A lingual arch wire is soldered to bands on the primary second molars. Axial view; note
the mesial and distal stops around the prosthetic tooth.

Fig. 24.36 Combination of space
maintainer and orthodontic
appliance
Acrylic teeth, right lateral and left
central incisors, used as space main-
tainers during orthodontic treatment.
Two acrylic teeth are replacing the
missing incisors.

Frontal and occlusal view of
retainer
After treatment the same teeth are
used in the retainer. Note the occlusal
stops on the retainer used to avoid
excessive pressure on the alveolar
ridge.
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In experimental studies of intruded mature premolars in
dogs, Turely et al. (166, 167) found that when an intrusive
injury to the teeth was severe, orthodontic extrusion had
little effect on repositioning of the teeth but resulted in
undesirable effects on the anchorage teeth. When the injury
was less severe the orthodontic forces could favorably repo-
sition the affected teeth. A literature review by Chaushu 
et al. (155) concludes that treatment of intruded teeth is
based largely on empirical experience rather than on scien-
tific data.

Immature teeth

Intruded immature teeth may be left to erupt spontaneously
(128, 129, 169), or slightly loosened with finger pressure if
the intrusion is not too severe. Orthodontic extrusion is
indicated if the intrusion is severe or if the tooth has not
begun erupting within 2–4 weeks. A plate with an extrusion
spring is recommended for the extrusion in order to avoid
pressure on neighbouring teeth (Figs 24.37 and 24.38).
Intrusion always leads to pulpal damage. Sometimes the
pulp may heal with subsequent obliteration of the pulpal
lumen. Providing ankylosis does not develop, these teeth
may have a good prognosis, as might teeth with pulp necro-
sis after adequate endodontic treatment.

Mature teeth

Intrusion of mature teeth always leads to pulp necrosis. Pro-
phylactic endodontic treatment is therefore recommended,
as a necrotic and infected pulp can lead to rapidly progres-
sive inflammatory root resorption. The critical period for
the onset of external root resorption is 2 to 3 weeks. There-
fore, in order to facilitate endodontic therapy, the intruded
tooth must be at least partly repositioned within the first 3
weeks after injury. This can be accomplished either ortho-
dontically or surgically (130–134, 169).

Before treatment, there are some factors that must be con-
sidered. If the intrusion is severe, there is a risk that ortho-
dontic extrusion will have little effect. The tooth might be
tightly locked in bone and orthodontic forces may not be
able to overcome this mechanical barrier. This may cause
ankylosis and make orthodontic extrusion impossible. To
avoid this complication, the intruded incisor can be slightly
luxated before orthodontic extrusion. Severe intrusion is
often accompanied by fracture and displacement of the
labial alveolar bone plate. Immediate surgical repositioning
is then indicated, whereby the fractured labial bone plate is
also repositioned.

As a clinical guideline, teeth with severe intrusive luxa-
tions can be surgically repositioned if the intrusion is
accompanied by fracture of the alveolar walls. Teeth with less
severe intrusion might be orthodontically extruded. If the
tooth is firmly locked within bone, slight luxation facilitates
the orthodontic therapy. If surgical repositioning of the
intruded incisor is desired, optimal healing with respect to
marginal bone support and periodontal ligament is achieved
if the tooth is only repositioned partially. Repositioning can

then be completed either by orthodontic traction or by
spontaneous reeruption.

Replanted teeth

In cases where an avulsed tooth has been replanted, it may
later be necessary to move the replanted tooth. The problem
then arises whether orthodontic movement of the replanted
tooth is possible without a significant risk of root resorp-
tion. Preliminary clinical studies (43, 45) as well as an 
experimental study in monkeys (44) indicate that severe
root resorption can be elicited after orthodontic movement.
Most root resorptions after replantation are seen during the
1st year after injury (see Chapter 17). Thus, if no such com-
plication is seen in this period, movement of the replanted
tooth is possible. However, it must be considered that both
replanted and intruded teeth may show progressive root
resorption 5 or 10 years after trauma despite more opti-
mistic evaluation earlier in the course of healing (see Chap-
ters 17 and 31). Such teeth are often candidates for single
implants after the growth period.

Ankylosis

Replantation of avulsed teeth is frequently complicated by
dentoalveolar ankylosis (156–158). The root of the reim-
planted tooth is gradually resorbed and replaced by bone.
Providing no other changes are seen, the ankylosed tooth
can be retained until the crown breaks off, or is removed
with forceps when most of the root substance has been
replaced by bone. An ankylosed tooth does not follow devel-
opment of the occlusion during growth. It must therefore be
decided whether to extract the tooth or keep it as a space
maintainer until complete resorption of the root has taken
place. In young growing children and in adolescents partic-
ularly during growth spurts, the ankylosis is accompanied
by increasing infraposition of the tooth, often with tilting 
of adjacent teeth (135, 159). The tooth shall therefore be
removed before these changes become so advanced that a
satisfactory orthodontic or prosthetic therapy becomes dif-
ficult (Fig. 24.34). A composite build up of the incisal edge
can only be used temporarily to compensate for the infra-
occlusion (Fig. 24.39). If ankylosis is diagnosed later in 
adolescents when the alveolar growth is finished or almost
finished, only a minor infraocclusion can be expected. Then
a composite build up of the incisal edge is a more perma-
nent option. Even in young adults, however a slight increase
of the infraocclusion can be expected (158).

When alveolar growth is judged near completion, surgi-
cal block osteotomy and distraction osteogenesis to reposi-
tion the tooth at the proper vertical position in the arch has
been suggested in a few case reports (160–162) (see Chapter
28, p. 781). The purpose with the method is to adjust the
bone level in order to facilitate later prosthetic restoration
(36). It must however be remembered that progression of
replacement resorption will proceed.
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Fig. 24.37 Orthodontic extrusion
of an intruded incisor
An 8-year-old boy suffered intrusion of
an immature maxillary right incisor.
Over a period of 2 months there has
been no sign of reeruption.

Orthodontic appliance
A removable appliance with an extru-
sion spring acting on a bracket bonded
to the injured tooth. A light force was
used to avoid damage to the pulp.

Extrusion completed
The extrusion was complete within 2
months. Pulp necrosis and inflamma-
tory resorption necessitated endodon-
tic treatment.

Follow-up
The clinical and radiographic condition
is shown 4 years after trauma.
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Fig. 24.38 Loosening of two
severely intruded central incisors
with finger pressure combined
with orthodontic extrusion
Preinjury condition: this 8-year-old boy
suffered intrusion of both central inci-
sors 1 week after this photo was taken.

Post injury condition
The patient suffered intrusion of both
central incisors.

Loosening of the incisors
Both incisors were loosened with
finger pressure. If this is not possible,
forceps may be used. The radiograph is
taken after orthodontic extrusion. Note
inflammatory root resorption in the left
incisor.
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Fig. 24.38 (cont.)
Status 2 months after injury
There was no spontaneous reeruption.
Orthodontic extrusion was therefore
initiated. Endodontic treatment was
performed in the left incisor due to
pulp necrosis.

Status after 1 and 4 years
Clinical condition after 1 year and radi-
ographic follow-up after 4 years. Note
the partial pulp canal obliteration in
the coronal part of the pulp chamber
of the right incisor.

A B

Fig. 24.39 Incisal build-up of an ankylosed infrapositioned incisor. A. This is a 13-year-old girl. An incisal build-up was performed in the left upper anky-
losed infrapositioned incisor. B. 3 years later the infraposition has increased and the esthetic effect is unsatisfactory. Observe that the level of infraposi-
tion is best evaluated at the gingival marginal.

Progression of the infraposition varies individually and 
is related to age, growth intensity (Figs 24.40 and 24.41) 
and growth direction of the jaws (Fig. 24.42). The risk of
severe infraposition is particularly great if the ankylosis is 
diagnosed during eruption of teeth before and during the
age interval, ten to twelve years due to the rapid alveolar
growth during tooth eruption. In these cases the ankylosed
tooth must be removed within 2 to 3 years after diagnosis.
If ankylosis develops after this period the intensity 
and direction of growth of the alveolar bone and jaws varies
and the tooth must be observed regularly. An individual

growth curve based on age in combination with body height
measurements can aid in evaluation of the patient’s 
growth status and annual cephalometric analysis is impor-
tant for evaluation of the growth direction of the jaws 
(135, 157, 159). Study models are recommended for evalu-
ation of the development of the infraocclusion. No active
treatment is necessary as long as the adjacent teeth do not
tilt and the extent of infraposition is minor and stable. In 
all other cases, the affected tooth must be removed and
replaced by autotransplantation, orthodontic closure or
fixed prosthetics.
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Extraction of ankylosed incisors (decoronation)

Extraction of an ankylosed incisor may involve vertical and
horizontal loss of alveolar bone (Fig. 24.43). If infraposition
is allowed to progress, even an uncomplicated extraction
may lead to loss of large parts of the alveolar ridge (Fig.
24.44). To avoid such bone loss, a technique for extracting
ankylosed teeth, called decoronation, has been developed
(Fig. 24.45) (90, 163). The crown of the tooth is removed and
the ankylosed root is left in the alveolus to be substituted by
bone (Figs 24.46–24.48). In children, new marginal bone will
then be formed coronal to the resorbing root. The height of
the alveolar bone is thus improved vertically and preserved
in the facio-lingual direction. The initial study using this
method comprised 24 replanted maxillary incisors exhibit-

ing ankylosis and some degree of infraposition. The crown of
the tooth was removed and the ankylosed root left in the
alveolus to be substituted by bone (Figs 24.46–24.48). New
marginal bone was formed coronal to the resorbing root in
patients treated before or during pubertal periods of growth.
A follow-up study of 77 decoronations was performed in
1999 (163). The age of the patients at the time of decorona-
tion was 10 to 22 years (mean 14.8). The follow-up period
varied from one to 14 years (mean 4.3). Radiographs were
taken immediately before and after decoronation, after six
months and then annually for up to 14 years. In 30 patients
only normal alveolar bone was seen in the radiographs after
18 months, and in the remaining 47 patients remnants of the
root were still present. The height of the alveolar bone was
improved vertically in the patients treated before the age of

A B
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Fig. 24.40 Relationship between
general growth and infraposition
of an ankylosed central incisor.
A. The right central incisor was
replanted in a boy at 14 years of
age. B. Slight infraposition can be
seen after 1 year. C. At 5-year
control, there is a slight increase 
in infraposition. D. Annual body
height measurements were regis-
tered for the patient and showed
almost completed growth 2 years
after the injury. The degree of infra-
position was measured in mm.
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13 years (Fig. 24.48), and the alveolar ridge was maintained
in the facio-lingual direction in all patients. In conclusion,
the conditions for subsequent orthodontic and prosthetic
therapy were thereby improved. Moreover, the possibility of
placing an implant was facilitated.

An ankylosed incisor can be extracted even if there is a
risk of alveolar bone loss if it is going to be substituted by
an autotransplanted tooth. It has been found that bone
regeneration is induced from the intact periodontal liga-
ment of the transplant and the transplant will be sur-
rounded by new bone (see Chapter 27).

Retention

Space closure or space maintenance during treatment
determines the demands for retention.

Retention planning can be divided into three categories:

(1) No retention
(2) Limited retention
(3) Semi-permanent or permanent retention.

The need for retention in orthodontically treated patients
with traumatic injuries depends on several factors. The fol-
lowing are the most important:

(1) Elimination of the cause of the malocclusion
(2) Proper occlusion
(3) Reorganization of bone and soft tissues around newly

positioned teeth
(4) Correction of skeletal deviations during the growth

period.

In cases where all of these objectives have been met, the
need for retention is limited.

A B

C

D

Fig. 24.41 Relation between
general growth and infraposition
of an ankylosed central incisor.
A. The right central incisor was
replanted in a boy at 12 years of
age. Slight infraposition can be
seen after 1 year. B and C. At 2-
and 21/2-years after injury there is
a marked increase in infraposition.
D. There is a marked growth spurt
in this patient which correlates
with the marked infraposition.
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Fig. 24.42 Relation between
growth direction of the mandible
and infraposition of ankylosed
central incisors in a 14-year-old
boy with a vertical growth direc-
tion of the mandible
A. At the age of 14 years there was a
minimal infraposition of the maxillary
right incisor. The body height was 170
cm. B. At the age of 16 years the infra-
position of the ankylosed incisor had
increased markedly. Note incisal 
attrition of the maxillary left central
incisor. The right lateral incisor has
tilted mesially. The body height was
176cm. C. Schematic illustration of 
the cephalometric changes of the 
face shows a vertical growth of the
mandible.

An 8-year-old boy with a hori-
zontal growth direction of the
mandible
D. At the age of 8.2 years, 3 months
after replantation, his body height was
129cm. E. At the age of 9.6 years only
a minimal infraposition can be seen.
The body height was 137.5 cm. F.
Schematic illustration of the cephalo-
metric changes of the face shows a
horizontal growth of the mandible.

Fig. 24.43 Extraction of an ankylosed
incisor where the bone plate was
simultaneously removed.
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Space closure

The need for retention is reduced if the roots of the teeth
are parallel after treatment. Selective grinding and compos-
ite restorations can adjust tooth size discrepancies between
the mesio-distal widths of the upper and lower teeth. This
procedure might reduce the problem to one of limited reten-
tion, consisting of a removable or fixed appliance.

In cases where only a limited treatment goal can be
achieved, semi permanent or permanent retention may be
the only alternative. Semi permanent retention consists of a
removable appliance, a lingual arch wire or a bonded 
appliance.

Space maintenance

In cases where the space is maintained throughout treat-
ment and the teeth are moved to positions best suited for a
forthcoming bridge or implant, retention usually presents
no problem. Permanent retention will then usually consist
of a fixed prosthesis or a single standing implant.

Prognosis

Very little is known today about the prognosis of ortho-
dontic movement of traumatized teeth. A study, from the

Eastman Institute in Stockholm, involving orthodontic
treatment of 27 patients with 55 traumatized teeth and 60
non-traumatized teeth has been performed (91). Registra-
tion of the extent of root resorption before and after ortho-
dontic movement showed a slight increase in the extent of
root resorption in both traumatized and non-traumatized
teeth, but with no significant difference between the two
groups.

There is also a lack of information as to the risk of root
resorption among the individual trauma entities. Empirical
observations indicate that teeth with mild or moderate lux-
ation injuries (i.e. concussion or subluxation) can be moved
orthodontically with limited risk of root resorption if
treatment is performed carefully. This means using light
orthodontic forces, avoiding contact with cortical bone and
ensuring a short period of treatment. After severe luxation
(i.e. extrusion, lateral luxation, intrusion and after replanta-
tion), movement of a tooth is more hazardous. However, if
no ankylosis has occurred 1 year after trauma, orthodontic
therapy can be performed.

A recent study was performed of 15 patients orthodonti-
cally treated at Eastman Institute in Stockholm, Sweden,
with complete records from a trauma episode. The study
comprised 34 incisors with severely luxated teeth, follow-up
after trauma, and during and after orthodontic treatment.
One tooth was lost at the trauma episode and 6 teeth were
extracted during follow-up after trauma.

Fig. 24.44 Severe loss of alveolar
bone after ankylosis of two 
incisors
An 18-year-old boy with ankylosed
incisors due to a trauma 10 years
earlier. Infraposition was allowed to
progress.

Status after extraction
An undesirable arrested development
of the alveolar ridge is seen as a result
of treatment neglect of the ankylosed
teeth.
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Fig. 24.45 Surgical treatment of
an ankylosed and infrapositioned
incisor
Moderate infraposition of a right upper
central incisor due to ankylosis in a 14-
year-old boy.

Sectioning the crown from the
root (decoronation)
A mucoperiosteal flap is raised. The
crown is removed with a diamond bur
under a continuous flow of saline.

Removing of the root filling
The crown has been removed and the
root filling removed with an endodon-
tic file.

Preparation of the root
The coronal part of the root surface is
reduced to a level of 2.0mm below the
marginal bone. The empty root canal is
thoroughly rinsed with saline and
thereafter allowed to fill with blood.
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Suturing the flap
The mucoperiosteal flap is pulled over
the alveolus and sutured with single
sutures. A blood clot is formed in the
gap between the labial and palatal
mucosa.

Temporary restoration
The removed crown is shaped as a
pontic with composite material and
splinted to the adjacent teeth with
acid-etch technique and an enamel
composite bond.

Follow-up 1 year after treatment
A resin-retained bridge has been
inserted. Note coronal growth of bone.

10 years after decoronation
The alveolar ridge has a favorable
width and height for inserting an
implant.



The conclusions from this study were that after a severe
trauma, teeth with a poor prognosis should be extracted or
looked upon as space maintainers prior to orthodontic
treatment. Injured teeth properly treated and with a normal
periodontal ligament might be moved with a normal risk of
root resorption (169). Evaluation of the risk of root resorp-
tion after 6 months initial orthodontic treatment is impor-
tant. If progressive resorption is seen at this stage a three
months pause might reduce the risk of severe resorption at
the end of treatment.

It is possible to move root-fractured teeth, if the fracture
is healed with a hard tissue callus, with almost the same
prognosis as a non-injured tooth. If the fragments are 
separated by connective tissue, further separation can be
expected and the tooth should be evaluated according to the
length of the coronal segment.

The prognosis after orthodontic extrusion of crown-root
fractured teeth depends upon the technique used. Relapse
after orthodontic extrusion can be minimized by a cervical
fibrotomy.
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Fig. 24.45 (cont.)
Insertion of implant 
A root remnant maintains in the alve-
olar ridge. It makes no obstacle for 
the insertion and integration of the
implant.

Five-year follow-up after inser-
tion of implant

Fig. 24.46 Decoronation of an ankylosed maxillary incisor in infraposition. There is continuous resorption of the ankylosed root and replacement with
bone. Note shortened pontic and formation of new marginal bone coronal to the root remnants.
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In treatment planning, it is essential to coordinate the
prognosis for the traumatized tooth with the treatment of
the malocclusion. Consequently, prognosis for the total
treatment can be classified as follows:

• Good prognosis for the traumatized tooth; good progno-
sis for the malocclusion. The treatment procedure for the
malocclusion does not differ from orthodontic treatment
in patients without injured teeth.

• Good prognosis for the traumatized tooth; poor progno-
sis for the malocclusion. The orthodontic treatment is
complicated, e.g. prolonged treatment time and severe
anchorage problems. A limited goal must often be
accepted in order not to overload the traumatized 
tooth.

• Poor prognosis for the traumatized tooth, good prognosis
for the malocclusion. The traumatized tooth must often
be extracted, but can otherwise serve as a space main-
tainer. The orthodontic treatment has a good prognosis
and can provide optimal results. This is particularly true

if the malocclusion is caused by habits and the habits are
stopped. Malocclusions combined with skeletal deviations
have a better prognosis if they are treated during periods
of active growth. The orthodontic treatment can in most
cases provide optimal results with either space closure or
space maintenance.

• Poor prognosis for the traumatized tooth; poor prognosis
for the malocclusion. The traumatized tooth must often
be extracted, but can serve as a space maintainer for some
time. Prosthetic therapy, autotransplantation of a premo-
lar or an implant to the trauma region can be indicated,
depending upon the age of the patient. Orthodontic treat-
ment in combination with orthognathic surgical correc-
tion is sometimes the treatment of choice.

The clinical sequelae to severe resorption are of major
concern. In a study by Levander and Malmgren (170),
increased mobility was found in incisors with a total root
length of less than 9 mm. There was no difference between
central and lateral incisors. Loss of root length moves the

A B

C

Fig. 24.47 Formation of bone after decoronation. A. Condition at the time of surgery. B. A flap was raised 10 months later. New bone is seen 
replacing the resorbed root remnants. C. Radiographs immediately before and after surgery and at 6- and 18-month follow-ups. Note regeneration of
coronal bone.
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Fig. 24.48. Development of the
alveolar ridge over 13 years after
decoronation in a young girl
(Left) At the age of 9 years, one year
after replantation, the left central
incisor is ankylosed and infraposi-
tioned. Note build-up of the incisal
edge. (Right) 3 years later, after ortho-
dontic treatment, decoronation is per-
formed. The removed crown is shaped
as a pontic with composite and
attached to the orthodontic appliance.

Two years after decoronation
Proliferation and down growth of the
gingiva can be seen. A resin retained
bridge has been inserted. Schematic
illustration of the cephalometric
changes of the face shows a vertical
growth of the mandible.

At 21 years of age
The situation at the time for insertion
of an implant.

Implant insertion
The alveolar ridge has been main-
tained in buccopalatal direction and
the implant could be inserted in perfect
position.
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center of resistance coronally; thus the same amount of force
will have a greater impact than on an intact root. The results
of the study indicate enhanced risk of tooth mobility asso-
ciated with a crown/root ratio greater than 1 : 1. Alveolar
bone loss increases with age. This implies that the stability
of incisors with resorption may decrease with time. The
increased mobility of teeth with short roots should therefore
be regarded as a long-term risk factor. Such teeth should be
carefully monitored, particularly if the final root length is
less than the crown height (<9 mm).

Essentials

Primary dentition

There is normally no need for interceptive orthodontic
therapy.

Mixed dentition

Risk factors

• Increased overjet and proclined upper incisors.
• Insufficient lip closure.

Prevention

• Children should be provided with a mouth guard to
protect the teeth during sport activities.

• Early orthodontic treatment to minimize risk factors is
indicated.

• Treatment shall be based on the individual growth inten-
sity and direction of the jaws if the malocclusion is com-
bined with skeletal deviations.

Permanent dentition

Factors in treatment planning

• Evaluation of the remaining skeletal growth of the jaws
and the remaining alveolar development of children and
adolescents with severely traumatized teeth and maloc-
clusions is important.

• Teeth with a poor long-term prognosis due to trauma can
sometimes be part of the orthodontic therapy to avoid
alveolar bone loss during development of the jaws.

• Ankylosed teeth should be decoronated or extracted
before infraposition becomes so advanced that a satisfac-
tory orthodontic or prosthetic therapy becomes difficult.

Observation period after trauma prior to
orthodontic treatment

• Mild injury (e.g. concussion, subluxation): 3 months
• Moderate or severe injury (e.g. extrusion, intrusion, lateral

extrusion, replantation): 6 months
• Root-fractured teeth: 1 year

• In endodontically treated teeth, orthodontic treatment
should be postponed until radiographic evidence of
healing is seen.

General treatment principles for orthodontic
treatment of traumatized teeth

Orthodontic treatment represents an extra hazard to the
periodontium and pulp.

Factors of importance

• The anatomy of the root
• Borders of cortical bone
• The use of light and short-acting orthodontic forces,

possibly aimed at a limited goal

Endodontically treated teeth

There is no evidence of a greater risk of root resorption of
root filled teeth than vital teeth.

Pulp canal obliteration

There is no evidence of a greater risk of root resorption of
teeth with pulp canal obliteration than vital teeth.

Root resorption subsequent to 
orthodontic treatment

Regular radiographic controls are necessary in order 
to check if any root resorption occurs or increases during
treatment.

• The first control should be 6–9 months after initiation of
treatment.

• Signs of root resorption indicate controls every 2 months.
• A suspension of treatment for about 3 months can reduce

the risk of further resorption if signs of resorptions are
seen.

Specific treatment principles for orthodontic
treatment of different types of trauma

Avulsion

A. Primary teeth
No immediate orthodontic treatment is indicated.

B. Permanent teeth
Lateral incisor loss:
• The space can be closed orthodontically.
• The space can be maintained for later prosthetic treat-

ment. A space maintainer can be used in the interim.
• The space can be closed by an autotransplanted tooth.

Central incisor loss:
• Space closure seldom leads to optimal esthetic results.
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• The space can be maintained for later prosthetic treat-
ment. Space maintainers are important particularly
during eruption of canines to avoid tooth migration and
midline shifts.

• The space can be maintained by autotransplantation of
premolars when their roots are developed to 3/4 of full root
length.

Luxation

• Teeth with pulp necrosis and/or inflammatory root
resorption should be treated endodontically prior to
orthodontic treatment.

• Orthodontic movement of luxated teeth with initial signs
of resorption should be carefully checked for further
resorption. The first observation should be made after 6
months and thereafter at 3-month intervals.

Crown-root fracture

• A non-vital tooth can be extruded over a period of 3–4
weeks.

• After a retention period of 4 weeks, the tooth can be
restored.

Root fracture

Orthodontic treatment possibilities are related to the type of
healing and location of the fracture.
• Root-fractured teeth healed with calcified tissue can be

moved without breaking the callus.
• Root-fractured teeth healed by interposition of connective

tissue must be looked upon as teeth with short roots.
Further shortening can be expected during orthodontic
treatment.

• Teeth with fractures located in the apical third can nor-
mally be moved without impaired prognosis whereas teeth
with fractures located in the middle third should be eval-
uated for adequate periodontal support.

Crown or root malformation

• Impacted teeth with crown or root dilacerations can be
moved into a normal position after surgical exposition if
the damages are not too severe.

• Treatment shall be postponed until the mixed dentition
stage.

• Crown and root malformed teeth can be used as space
maintainers during growth and development of the jaws.

Intruded teeth

Immature teeth

• Intruded immature teeth may be left to erupt sponta-
neously if the intrusion is not too severe or slightly loos-
ened with finger pressure.

• Orthodontic extrusion is indicated if the intrusion is
severe or if the tooth has not begun erupting within two
weeks.

Mature teeth

• The critical period for onset of external root resorption is
2 to 3 weeks.

• Intruded teeth must be repositioned within the first 3
weeks after injury.

• Repositioning can be accomplished either orthodontically
or surgically.

• If the tooth is tightly locked in bone it must be slightly
luxated before orthodontic extrusion.

Replanted teeth

Normal periodontal ligament

Replanted teeth with a normal periodontal ligament can be
moved orthodontically with the same prognosis as unin-
jured teeth.

Ankylosis

There is no treatment known for dentoalveolar ankylosis per
se, but an early overall treatment plan for the patient is of
importance when the diagnosis has been established. An
individual growth curve based on age in combination with
body height measurements can aid in evaluation of the
patients growth status and annual cephalometric analyses is
important for evaluation of the growth direction of the jaws.
Study models are recommended for evaluation of the devel-
opment of the infraocclusion.

Treatment options

Composite build-up of incisal level
If ankylosis is diagnosed late in adolescents when the alveo-
lar growth is finished or almost finished, only a minor
infraocclusion can be expected. Then a composite build up
of the incisal edge is a more permanent option. Even in
young adults, however a slight increase of the infraocclusion
can be expected.

Extraction
Providing no adverse changes are seen, an ankylosed tooth
can be retained until the crown breaks off, or is removed
with forceps when most of the root substance has been
replaced by bone.

Decoronation
Extraction of an ankylosed incisor may involve vertical and
horizontal loss of alveolar bone. If infraposition is allowed
to progress, even an uncomplicated extraction may lead to
loss of large parts of the alveolar ridge. To avoid such bone
loss, a technique for extracting ankylosed teeth, called deco-
ronation, has been developed. The crown of the tooth is
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removed and the ankylosed root is left in the alveolus to be
substituted by bone. In children, new marginal bone will
then be formed coronal to the resorbing root.

Autotransplantation
An ankylosed incisor can be extracted even if there is a risk
of alveolar bone loss if it is going to be substituted by an auto
transplanted tooth. It has been found that bone regenera-
tion is induced from the intact periodontal ligament of the
transplant and the transplant will be surrounded by new
bone.

Dento-osseous osteotomy and distraction osteogenesis
When alveolar growth is judged near completion surgical
block osteotomy, and distraction osteogenesis to reposition
the tooth at the proper vertical position in the arch has been
suggested.

Surgical repositioning
For adult patients with ankylosed teeth in infraposition,
dento-osseous osteotomy with immediate manual reposi-
tioning followed by orthodontic movement has been sug-
gested. The purpose with the method is to adjust the bone
level in order to facilitate later prosthetic restoration.

Retention

Retention follows the same principles as for non-trauma-
tized teeth.

Prognosis

A. Teeth with an intact periodontal ligament prior to
orthodontic treatment

Movement can be performed with a prognosis, with respect
to root resorption, comparable to that of non-traumatized
teeth.

B. Incisor roots shortened due to trauma or a
combination of trauma and orthodontic movement

• If the final root length is less than the crown height 
(<9 mm), the teeth have a tendency to mobility.

• If the final root length is longer than the crown height 
(>9 mm) the tendency to mobility is minimal.
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The primary choice for initial restoration of a crown-frac-
tured front tooth has for a long time been resin composite
material. The restoration can in most cases be performed
immediately after injury if there is no sign of periodontal
injury and the tooth responds to a sensibility test. The
method’s adhesive character is conservative to tooth-
structure and with minimal risk of pulpal complication. In
addition it offers an esthetic solution to the patient immedi-
ately after an injury, which may bring a little joy in a sad 
situation.

The resin composite build-up is often changed or repaired
a couple of times, before the tooth is restored with a porce-
lain or porcelain fused to metal crown, at a time when the
pulp is out of danger for a more invasive preparation. In
some cases an endodontic treatment is still necessary. After
crown therapy a gingival inflammation may occur due to the
usual sub-gingival preparations. After some years in situ, the
crowns may present an esthetic problem due to exposure of
un-esthetic crown-margins. The invasive permanent crown
restorations are therefore often not successful on a long-
term scale. On the other hand a conservative direct restora-
tion of an extensively fractured incisor crown with
composite may be an exceedingly demanding procedure,
involving esthetic acceptability, function and biological
aspects and require significant skills, which may influence
durability.

When are we ready to consider the non-invasive resin
composite crown build-up as a permanent restoration? Has
its durability improved? Do today’s materials and techniques
result in a better prognosis? Where are the problems? In this
chapter these matters will be discussed with focus on factors
in clinical procedures, which can influence the longevity of
the restoration.

Long-term prognosis of 
composite restorations

Traumatic injuries to anterior teeth in children and adoles-
cents are a common problem. About 50% of children are

exposed to dental trauma before the age of 15 and the
majority of these injuries result in crown fractures which
imply a great need for composite restoration (1) (Fig. 25.1).
Unfortunately very few follow-up studies have been pub-
lished on the long term fate of these restorations (1). One of
the earliest studies of Class IV restorations was a 5-year
follow-up of children with crown fractured permanent inci-
sors reported by Ulvestad in 1978 (2). Three conventional
resin composites were used following enamel etching.
Among the 253 composite restorations, fracture of the com-
posites was observed in 9–14% and fracture of enamel in
2–3%. A high frequency of marginal discoloration was
reported (17–19%), but no case of secondary caries. Abra-
sion was seen in 52–79%. Robertson et al. in 1997 (3) eval-
uated crown fractures restored with resin composite
materials, which were carried out during a 15-year period.
In this study all restorations had been replaced at least once
and 19% of the restorations had been replaced 10 times or
more; in fact the majority of the restorations had been in
service for only 2–4 years. In a retrospective cohort study
published by Borssén and Holm in 2000 (4), 44% of the 16-
year-old patients, where crown fractures were restored 
with composite, had the composite revised one or more
times.

Only one longitudinally clinical study has been published
by Spinas in 2004, where modern resin composites were
used to restore traumatically injured teeth (5) (Fig 25.2.).
Here 70 restorations were followed during 7 years with mod-
ified USPHS criteria. A total-etch technique and third or
fourth generation bonding systems were used. The number
of necessary restoration replacements increased and reached
100% after 7 years. The main reasons for replacement were:
loss of the restoration; loss of marginal integrity; dis-
coloration caused by the loss of pulp vitality. At the end of
the study 48% of the replaced restorations had been replaced
at least one more time.

Because only few publications on longevity of crown
build-ups are available, the long-term prognosis may also be
based on the experience of caries lesions in anterior teeth
restored with Class IV restorations. The class of anterior
cavity preparation substantially affects the resin composite
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survival (6–8). Unfortunately, most anterior resin studies do
not distinguish between cavity classes and therefore limited
clinical evidence has been published concerning the
longevity of the more difficult Class IV resin composite
restoration. Tyas in 1990 (9) restored 102 Class IV cavities
with microfilled and hybrid composite materials. A cumu-
lative failure rate of 26% was observed after 3 years. The 2
microfilled resin composite materials showed the highest
failure rates (40% and 42%) compared to the hybrid mate-
rials (5% and 9%). Smales in 1991 (10) reported the survival
of a conventional anterior resin composite with a low vis-
cosity enamel bonding resin. The median survival time for
Class III restorations was 9.8 years and for Class IV 4.1 years.

He attributed the losses to increased wear and occlusal
stresses. Smales & Hawthorne in 1996 (11) examined in a
retrospective study the survival and cost-effectiveness of
restorations in various classes of cavity preparation in per-
manent teeth placed before 1980. For Class III resin com-
posite restorations 72% survived for 10 years and for Class
IV 48% survived 15 years. Browning & Dennison in 1996
(12) investigated the modes by which Class IV restorations
failed. The main reason for replacement of Class IV was sec-
ondary caries (19%), marginal discoloration (11%) fracture
of tooth (10%) and fracture of composite (47%) and 50%
had failed by 5 years. The high failure rate of Class IV
restorations was also shown by Miller et al. in 1997 (13),

A B

C D

Fig. 25.1 Initial result and dura-
bility of a composite crown build-
up. A. The fractured incisor before
restoration. B. The restored tooth
at baseline. Morphology and white
spots of the synergist tooth has
been immitated. Horizontal lines in
the surface structure mask the
preparation line. C. Acceptable
result after 5 years. D. Acceptable
result after 10 years with no re-
treatment between baseline and
10 years.

Fig. 25.2 Long-term survival of com-
posite restorations of trauma fractured
teeth. From SPINAS (5) 2004.
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however based on very few restorations. Recently Burke 
et al. in 1999 (14) examined Class IV resin composite
restorations and the mean longevity was 3.9 years.

Adhesive techniques and materials may influence
longevity. Recent results from a 12-year still ongoing study
of 464 anterior restorations of various modern anterior
restorative materials showed a mean survival age (range) for
the 30 Class IV restorations of 9.8 (7–12) years, where 22 of
the 30 Class IV restorations were still in place (73.3%) at the
last evaluation (15).

In conclusion, findings of the few studies on longevity of
direct crown build-ups of fractured teeth have lead to the
concept that these composites should be considered as a
semi-permanent restoration with a median survival of 4–5
years. However, a few studies of modern composites have
shown a potential for an improved longevity in the case of
Class IV restorations.

The most frequent reasons for failures appear to be mar-
ginal leakage, bulk discoloration and fractures of the com-
posite (Fig. 25.3), which presents the profession with a great
challenge. Probably many of the old studies used non-
optimal dentin bonding systems. Modern hybrid compos-
ites contain ultrafine inorganic filler particles with a mean
diameter below 1 micron. They provide superior abrasion
resistance and mechanical properties when compared with
conventional or microfilled composites. Also the esthetic
properties of new materials have been improved. However,
resin composites should not be considered as a single
product but as part of a complete system. The modern 
resin composite includes an enamel/dentin etchant, an
enamel/dentin adhesive system, a resin composite and a
light curing device. It is reasonable to believe that improve-
ment in the retention and esthetics of Class IV restorations
can be achieved with improvements in preparation and

bonding techniques as well as in filling, finishing and pol-
ishing procedures.

Material considerations

Bond to enamel

Traditional mechanical methods of retaining dental restora-
tive materials required in most cases removal of sound
tissue. These techniques have now been replaced largely with
adhesive techniques. Buonocore’s pioneering work, noticing
the industrial use of phosphoric acid to improve adhesion
of paints on cars, led to major changes in operative dentistry.
Large preparations and extension for prevention have 
been gradually replaced by minimally invasive techniques.
The basic mechanism of bonding to enamel for resin 
based materials is a micromechanical bond. It is essentially 
a replacement of minerals by resin monomers that after
setting becomes interlocked in the irregularities and porosi-
ties created by conditioning. Adhesive restorations are tooth
substance saving, and prevent microleakage along the cavity
walls, which may improve the longevity of the restoration.
The strength and durability of the adhesive bond depends
on several factors: the physicochemical properties of the
adhesive and adherent adhesive technique applied, poly-
merization stresses developed during curing and the con-
tinuous stress in the oral environment.

Adhesive dentistry started with the first commercial
systems in the mid-1960s, followed in the early 1970s with
the introduction of the acid-etch technique in the clinic.
Since then there has been a continuous development and
improvement in bonding agents. Effective bonding to
enamel was achieved early and was proven to be durable and

A B

C D

Fig. 25.3 Common causes of fail-
ures of composite crown build-ups
of fractured teeth. A. Marginal dis-
coloration, lack of color-match and
insufficient morphology. B. Mar-
ginal leakage leading to secondary
caries. C. Incorrect morphology of
restorations in both central incisors
is the reason for an unacceptable
esthetic result. D. After shaping the
old restorations in C to a better
morphology replacement could be
postponed.
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reliable in the clinic. Enamel etching transforms the smooth
enamel surface into an irregular surface with a surface
energy twice of that of unetched enamel (about 72
dynes/cm). An unfilled, low viscosity resin wets the high-
energy surface and is drawn into the micro porosities by cap-
illary attraction. Acid etching removes about 10µm from the
surface and creates irregularities from 5–50µm deep. Dif-
ferent enamel-etching patterns can be observed after etching
(Fig. 25.4). Generally, a 32–40% phosphoric acid etching
time of 15 seconds for instrumented enamel, and rinsing
times of 10–20 seconds are recommended to achieve the
most receptive enamel surface for bonding.

Bond to dentin

Adhesion to dentin was more difficult to obtain. Only
recently developed dentin adhesive systems have produced
bond strength approaching that of enamel bonding and
have achieved higher levels of clinical success. The early
selective enamel-etching was replaced in the 1990s by the
total-etch technique with simultaneous conditioning and
priming of the enamel and dentin. Chronological, dentin
bonding systems have been classified in generations. In the
first and second generations, enamel was acid etched sepa-
rately, while the dentin adhesive mechanism to dentin
involved an ionic interaction to the positively charged
calcium-ions. Modest bond strength and high clinical failure
rates were observed. In the early to mid-1990s many dentin
adhesives in the third and fourth generations were based on
the dentin etching technique. Most of these 3-step adhesive
systems required a first step of dentin conditioning to decal-
cify the intertubular and peritubular dentin. In the second

step a primer with amphiphilic monomers, displaces the
dentinal liquid and infiltrates the collagen network of
the demineralized dentin. The third step with adhesive
monomers enhances the bond with the hydrophobic resin
composite. The production of a high micromechanical bond
to the tooth tissue is ensured by formation of the so-called
hybrid layer. The degree of monomer penetration is
enhanced by water chasing solvents in the primer step and
the collagen fibrils have to be coated optimally by the primer
monomers to obtain a high bond. The multiple-step proce-
dure is technique sensitive and the clinical success may
depend on the handling of the system (16). Developments
in adhesive dentistry are the simplification of the multi-step
systems, to reduce their technique sensitivity during clinical
handling, in the fifth and six generation systems. Several
simplified, one-bottle and self-etching primer systems have
recently been introduced to decrease the technique sensitiv-
ity and allergic potential of the 3-step systems. In the 
one-bottle or two-step systems, primer and adhesive are
combined in one step. Commonly this step was applied
twice, but in recently marketed systems a single application
is recommended. In the self-etching primer systems, unsat-
urated, potentially polymerizable organic acids or acidic
monomers are incorporated, and etching and priming of
the dentin occur simultaneously. They are based on infil-
tration and modification of the smear layer by acidic
monomers or by dissolving of the smear layer and dem-
ineralizing of the underlying outer layer of the dentin fol-
lowed by infiltrating the smear layer covered dentin with
acidic monomers of the primer (17). In one type of self
etching primer system, an adhesive is applied on top, while
in other systems, the ‘all-in-one’ systems, all 3 steps are
applied simultaneously.

A B

C D

Fig. 25.4 Unprepared (non-
ground) buccal surface of a pre-
molar acid etched with 37%
phosphoric acid for 15 s. Different
etch patterns can be observed.
A. Two etch patterns with differ-
ent degrees of demineralization
between rod and interrod enamel.
Original magnification 3600×. B.
Etch pattern with high dissolution
between rod and inter-rod enamel.
Observe increase of surface area.
Original magnification 7200×. C.
Etch pattern with highest demin-
eralization in the rod enamel.
Original magnification 1200×. D.
Higher magnification of C showing
the various degrees of peripheral
dissolution of the apatite crystals.
Original magnification 12000×.
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Glass ionomer bond

Parallel to the progress made with resin-based adhesives,
glass ionomer cement technology has been modified and
improved. Glass ionomer-based materials have a chemical
bond to tooth tissues based on their specific chemical
formula. Developments during the 1990s combined glass
ionomer and resin composite in new adhesive materials with
mixed characteristics. Improved modifications, the resin-
modified glass ionomer cements (RMGIC) were introduced
in 1988. Addition of light-curing resin components led to a
higher resistance to early moisture contact and desiccation,
and higher mechanical characteristics. RMGIC were used
first as bases or restoratives, and in1995, a modern RMGIC
was developed as dentin-enamel adhesive. After pretreat-
ment of the cavity with a weak polyalkenoic acid, self adhe-
sion of the adhesive is obtained by both a micromechanical
interlocking by a submicron hybrid layer (0.5–1µm) and a
chemical bond through ionic bonds between the carboxyl
groups of the glass ionomer and calcium of hydroxyapatite
that remains around the collagen. Kemp-Scholte and
Davidsson (18) showed that a material with enhanced flow
and reduced elastic modulus may function as a stress-
absorbing layer and improve marginal sealing. Resin com-
posites have a higher Young’s modulus of elasticity which
results in a relative high remaining contraction stress com-
pared to poly-acid modified resin composites (PMRC) and
RMGIC.

Resin materials

Historically, restoring of fractured anterior teeth has evolved
from the use of stainless steel crowns to the current proce-
dures of bonded esthetic resin based materials. The com-
mercial introduction of resin composites in the late 1960s
led to their widespread use in the restoration of Class IV cav-
ities. Retention of the resin restorations relied for the most
part on the effectiveness of the bonding systems utilized.
Preparation techniques recommended have varied over time
such as butt joint margins, feathered edge margins, bevels,
threaded pin and retention slot preparations, long bevels
and chamfer preparation. Retentive pins improve the reten-
tion of Class IV restorations only to a small extent (10%),
and have risks such as perforation of the pulp chamber,
inflammatory responses of the pulp, dentin cracks, perfora-
tion of the root surface, and increase in fracture suscepti-
bility (19, 20). Semi-permanent restoration of an incisor
with a composite resin material, following acid etching of
the enamel became a frequently used method during the
1970s (2). Resin composites used at that time in anterior
build-ups lacked color stability, polishability and physical
properties. These limitations could not compete with 
the esthetics of the laboratory produced porcelain or 
porcelain-fused-to-metal crowns. Patients demand superior
esthetics for anterior restorations. They have to simulate 
the natural tooth in color, texture and translucency. The
materials must have adequate strength, good wear charac-
teristics, good marginal adaptation and sealing, color stabil-

ity, insolubility and biocompatibility. Resin composites are
currently the direct restorative materials that best fulfil these 
requirements.

A resin composite contains four components: a polymer
matrix, filler particles, a silan coupling agent and an initia-
tor system. Newer formulations of resin composites with
improved particle size distribution have imparted additional
strength and polishability, allowing the materials to be used
in rather high stress bearing areas. Varying degrees of
opacity are available required for the different areas of the
tooth. Undesirable characteristics of resin composites are
their volumetric shrinkage and coefficient of thermal expan-
sion. Shrinkage stresses during the post-gel phase may cause
crack and marginal gap formation between the resin com-
posite and the walls of the preparation with the weakest
bonds. Gap formation may result in postoperative sensitiv-
ity, marginal leakage, marginal discoloration and secondary
caries. The size of stress formation on the bonding surface
depends partly on the configuration of the cavity. The higher
the number of bonded surfaces in the cavity, the higher the
stress formation on the bonded margins. Occlusal Class I
cavities show the highest configuration-factor (21), while
the Class IV cavity with more unbounded surfaces has a
more favourable configuration.

The majority of currently used resin composites are
hybrid resin composites. Hybrid resin composites are a com-
bination of conventional and microfiller technology. They
contain a blend of submicron (0.04 µm) and small particles
(1–4 µm), allowing a high level of filler loading resulting in
improved physical properties. They are often the materials
of choice for the whole restoration, but may also be used as
only the bulk/dentin part of Class III and IV restorations.
Microfilled resin composites contain submicron inorganic
fillers. They are not as strong as the hybrid composites but
can be used as the enamel part, veneering of anterior
restorations due to their high polishability and translucency.
Glass ionomer restorative materials are not commonly used
in anterior restorations when esthetics is a major consider-
ation. They are indicated in cavities with deep cervical
located margins or high caries risk patients. Recently, so
called nanofiller resin composite materials have been intro-
duced. These materials contain fillers in the size of micro-
fillers (4–40 nm) claiming a high polishability and high
abrasion resistance.

Curing of materials

Autocured resin composites were the first resin composite
materials used for treatment of anterior cavities. A major
drawback was their bulk discoloration over time. Light
cured resin composites became therefore increasingly
popular since their introduction in the mid-1970s, making
dental restorations more conservative and esthetic. The
degree of polymerization in cross-linked resin based systems
plays a potentially significant role in determining the ulti-
mate physical and mechanical properties of the material.
Inadequate polymerization results in inferior biological and
physico-mechanical properties, such as poor resistance to
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wear, increased rates of water absorption and poor color sta-
bility (22–25). The degree of cure is affected by the power
density of the curing unit, the exposure time, the resin
shade, and the filler size (26). As light passes through the
bulk of the restoration, its intensity decreases greatly, thus
decreasing the curing efficacy and limiting the depth of cure 
(27). Power density is fundamental for an adequate depth of
cure.

The use of high intensity light sources to improve 
composite properties has recently been introduced. High
intensity lights provide higher values of the degree of con-
version and superior mechanical and physical properties but
produce on the other hand also higher contraction strain
rates during the polymerization of resin composites (28).
The most widely used curing units today are quartz tung-
sten halogen (QTH) units. Their bulb is filled with iodine or
bromine gas and contains a tungsten filament. When con-
nected to an electric current the tungsten filament glows and
produces a very powerful light (29). White light is produced,
which is then filtered to the range of blue light (400–
500 nm). However, only part of the emitted spectrum of
light is effective for activating the photoinitiators. A QTH
curing unit should deliver a power density of 350–400
mW/cm2 to adequately cure. Heat generation is a major dis-
advantage of QTH units and increases with increasing radi-
ation time (25, 30, 31). Other drawbacks are limited lifetime
of the bulb and degradation of the reflector and filter over
time. It has been reported that 2 mm increment of resin
composite should be placed combined with a 40–60 second
light cure (32, 33). However, newer curing units are more
powerful and may offer higher depth of cure or reduced
exposure time. Other QTH curing units feature so-called
soft-start programs, e.g. two-step curing and pulse-delay
curing, according to which an initial exposure at relatively
low power density is followed by exposure at higher power
density. The aim is to improve marginal adaptation by pro-
longing the phase during which the resin composite may
flow and thus compensate for polymerization shrinkage and
stress (28, 34–36).

To overcome some of the problems inherent to QTH
units, light emitting diode (LED) technology has been intro-
duced in operative dentistry (37). In these devices junctions
of doped gallium nitride semiconductors (p-n junctions)
are subject to an electric current and generate blue light.
LED’s curing units have a narrower wavelength spectrum
compared to QTH curing units and require no filters. In
contrast to QTH units, 100% of the light emitted by blue
LEDs lies within the spectrum that can be used to cure most
resin composites (450–490 nm), i.e. resin composites initi-
ated by camphoroquinone (31). LED curing units have sig-
nificant advantages compared with the QTH curing units.
The diodes have a life-time of more than 10,000 hours com-
pared with the 40–100 hrs effective lifetime of QTH bulbs,
and there is no degrading of bulb, reflector or filter over time
which results in reduction of curing effectiveness. They
produce little heat and no fan is needed. Whereas the first
LED units were characterized by relatively low power
density, more recently marketed LED units display higher

power density and/or wider wavelength spectrum resulting
in curing efficiency comparable to halogen lights regardless
of curing modes (38, 39).

Clinical implications

The need for a high level of esthetics is obvious when an
anterior fractured tooth is restored. This, together with
already mentioned problems of too early replacements of
Class IV composite restoration, presents the profession with
a great challenge. Quality of restoration at baseline highly
influences longevity. The right choice of material, bonding
system and curing method has already been mentioned as
important matters, but also other aspects in the clinical pro-
cedure as preparation techniques, shade selection, filling and
finish/polish techniques must be optimized. The better
longevity, the closer to the goal, where this non invasive
restoration technique can be considered as a permanent
restoration (Fig. 25.1A–D).

Critical points in the restorative procedure

Preparation techniques

In order to prevent loss of the restoration, marginal chip-
ping and marginal discoloration, preparation technique
should be carefully considered. Also the esthetic appearance
is influenced by the preparation technique. Most often a
bevel or a chamfer preparation is applied. Either should be
1–11/2 mm width, go half way through the enamel, and sur-
round the periphery of the fracture line. A bevel compared
to a chamfer preparation is conservative concerning removal
of tooth substance and gives a more gradient color change
from the tooth-structure to the restoring material. On the
other hand, the fragile margins of the restoring material fre-
quently deteriorate over the years and may lead to marginal
chipping and discoloration. A chamfer is more invasive and
provides more bulk to the restoring material at the margins,
but may fail to blend in with tooth color at the fracture line.
To overcome this, the stair-step or wave preparation tech-
nique has been recommended, in which the preparation
follows the anatomical contour of the human incisors (Fig.
25.5). Another mentioned advantage of the chamfer com-
pared to the bevel is the increased enamel surface area pro-
viding a better bond to tooth surface (20). Both preparation
types will provide sufficient retention for even large crown-
build-ups.

Shade selection

In contrast to old composite resin materials, the new gener-
ations have shown acceptable color stability and smoother
surface characteristics. Shade selection plays an important
role for the esthetic outcome of an anterior restoration and
requires knowledge of colors and careful analysis of the
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A B

Fig. 25.5 Anatomical layering tech-
nique for restoration of an incisor
with incisal translucency
A. The crown-fractured incisor. B. A
1–11/2 mm wide wave-shaped bevel
preparation has been made using a
flame shaped diamond bur, here visual-
ized by a pencil line.

Silicone mould mock-up
C. An impression of the old crown build-
up or of an indirect wax-up/direct com-
posite mock-up provides a mould for the
lingual and incisal areas. Control of the
layering technique is hereby made
easier. D. After bonding procedures the
palatinal part is built up with a thin layer
of enamel material (transparent). The sil-
icone mould is used to form the palati-
nal surface in the right place.

Build-up of the palatal surface
E. The first enamel layer in place. Color
of the enamel has been selected before
treatment by using a shade guide in the
incisal area of the synergist tooth. F. A
matrix fixed by a wedge helps to control
form in the mesial area.

Build-up of the mesial surface
G. The mesial enamel is built up with
enamel material. H. The first layer of
dentin material (opaque) is placed. The
color of this layer should have the same
hue but a higher chroma than the
second dentin layer. Here an A3 has
been used.

C D

E F

G H

I J

Build-up of the facial dentin
surface
I. The second dentin layer should
conform with the facial surface and
leave space for the enamel layer. The
mammelons are shaped, and for
masking purpose the bevel may be
partly covered. Selection of color for this
second/last dentin layer has been done
in the gingival area of an upper canine,
where the enamel is thin and the dentin
saturated. Here an A1 has been used. J.
To imitate translucency incisally in the
mesial and distal areas and below/
between the mammelons a translucent
blue material is added here (arrows).
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remaining tooth-structure and of the adjacent teeth. The
same color-layering technique as used by the dental techni-
cian for indirect esthetic restorations may be applied. Resin
composites with different hues, chroma and values have
been used for a long time, but properties as high/low
translucencies, opalescence and fluorescence – known from
ceramic materials – have lately been added. It would go too
far in this chapter, to include information of shade selection
at a high level, and only a few definitions and recommen-
dations will be mentioned (40, 41).

Hue is the basic shade of the tooth and can be assigned to
the dentin. Hue is often referred to as the A, B, C or D in the
Vita shade-guide.

Chroma is a further refinement of the hue that defines the
quality of color, strong or weak, or saturation/intensity of the
color. Chroma is often referred to as the 1, 2, 3 or 4 in 
the Vita shade-guide. Hue and chroma may be evaluated in
the cervical area of a canine, where the enamel is thin 
and the dentin thick. The hue is usually uniform in a person’s
teeth, whereas the chroma may vary from tooth to tooth.

Value is the degree of brightness or darkness in the tooth, or
the amount of white reflected from the tooth. Value is
assigned to the enamel, and although the enamel itself is col-
orless, it projects the underlying color in the dentin. Value
is evaluated at the incisal third of the tooth.

Translucency in a tooth expresses how much light is able to
pass through the tooth-substance. Part of the light is
absorbed, part is diffused and part is transmitted.

Opalescence is the enamel’s capacity to distinguish wave-
length in the light. The short wavelengths are reflected
(appear blue) and the long wavelengths pass through the
enamel and appear orange.

Fluorescence in natural teeth will reflect blue light, when
exposed to incident UV light. A material without fluores-
cence will look dark e.g. in a nightclub.

Identifying characteristics of tooth color is of significant
importance, when decision of shades for a crown-build up
is made (42–44). Natural tooth architecture affects color by
the different layers, by its composition and by the quality of
dentin and enamel. Dentin is more opaque than enamel, and
enamel translucency is high. At the incisal edge and in the
periphery of a crown the enamel is thick and without under-
lying dentin, which makes these areas translucent (appear-
ing gray or blue). In the cervical area enamel is thin and
supported by dentin, which makes the area more opaque
(appearing yellow/brown). Wear of the enamel in the incisal
area will remove the translucent area (the mammelons will
disappear) and in general a worn tooth will appear more sat-
urated (higher chroma) and more opaque. Formation of ter-
tiary dentin will also lead to a higher saturation of the
dentin. Different kinds of mineralization disturbances in
enamel may give special characteristics to the tooth. Each
tooth has its own characteristics to be mimicked in the
crown build-up.

Decision of colors and form should always be performed
before isolation with rubberdam or cotton rolls, when the
tooth is still moistened with saliva and in its natural sur-
roundings. Commercial shade guides do not usually show
the real tones and are only of limited assistance. It can be
recommended to make a diagnostic mock-up before acid
etching, where the different selected colors and translucen-
cies are applied in the right thickness and place, and with
the natural background (often the dark oral cavity). Evalu-
ating colors of the wet mock-up after light curing will also
give an impression of the color change from before and after
curing.

K L

M N

Building up the incisal edge
K. The incisal halo effect is made 
by amber/yellow colored material
closest to the incisal edge (arrow). L.
Finally the whole facial surface is
covered with a thin layer of enamel-
material. The facial morphology should
only be slightly overextended, in order
to facilitate finishing.

Finishing the restoration
M. Incisal aspect before finish. The sil-
icone mould has helped placing the
incisal edge in the right position. N.
Final result after polish. Diamonds
burs and abrasive disks have been
used for shaping the morphology and
fine disks and rubber polishers for the
polish. The finial gloss is obtained by
polishing paste. Notice the important
reflexes placed as in the neighboring
teeth. The halo and the mesial and
distal translucencies are visible in the
incisal area.
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Anatomical layering technique

Natural upper incisors often have palatal ridges in the proxi-
mal areas – like a shovel form – and if this is reproduced in
the restoration, fracture resistance may be improved. Also
other information of form, colors, translucencies and special
characteristics obtained from the remaining tooth-structure
and from the adjacent teeth should be reproduced. The so-
called anatomical layering technique may be preferred to
control the different elements (Fig. 25.5A–N) (45–47). By
this method the restoration is built up with 2–3 layers of
dentin material (opaque) of the same hue, but with differ-
ent chroma (highest saturation of the first lingual layer) and
a facial layer of enamel material (translucent). The prepara-
tion line may be masked by partly covering the preparation
with the last dentin layer, but without extending it to the
prepared margin. Special effects in the restoration like
mottled enamel, white or yellow spots, halo effect, mam-
melons can be added by tints between the last dentin and
the enamel layer, or by using special enamel material con-
taining the characteristics. If high translucency is needed 
in the incisal and approximal areas – typically for young
people – these areas may be built up of only enamel
materials. Each composite system has its own color-system
with different intensities of hue, chroma, value, translucency
etc. influencing the layering thickness and the characteriza-
tion of the restoration.

Different insertion techniques can be used to obtain the
correct morphology and to control the layering technique
(46):

• An impression of an of an old crown build-up to be
replaced or of an indirect wax-up/direct composite mock-
up can provide an excellent matrix for the lingual, proxi-
mal and incisal areas. Control of the layering technique is
hereby made possible (Fig. 25.5C, D).

• A finger-hold matrix band or a fingertip protected by tape
may also give support for the first lingual layer. In both
cases the exact position of the lingual surface may be dif-
ficult to control. The uncured resin material should due 
to its allergic potential never be touched by fingers.
Monomers from resin materials also penetrate gloves
within a short time (48–51).

• A crown matrix (Odus Pella® Crown or CoForm
Angulus®) may also provide possibilities for the layering
technique (Fig. 25.6A–L). The facial part of the matrix can
be filled with enamel-material followed by 1–2 dentin
colors. This method, however, makes control of the layers
more difficult.

Finish and polish

An optimal finish and polish of the restoration improves
fracture resistance, prevents periodontal problems and
improves esthetics. If morphology of the restoration is not
in accordance with tooth anatomy during placement, finish
and polish may be time-consuming. Time spent on the
modelling procedure before light curing will richly be
gained during finish.

Occlusion/articulation control

As already mentioned clinical studies have shown fracture
to be one of the main reasons for early failure of class IV
restorations. This may be caused by insufficient adjustment
of occlusion and articulation. Although nowadays hybrid
materials have improved mechanical properties, inadver-
tently left supra-contacts during eccentric movements may
lead to cohesive fracture of the composite material. There-
fore, care should be taken to provide light group contact in
centric, protrusive, and protrusive lateral positions if contact
is necessary.

Finishing in general

Diamonds, carbide burs, stones, disks, strips, knives etc. may
all be used to remove excess material and shaping to correct
morphology. The transition line between tooth and resin
material can be masked by letting structures in the natural
tooth surface such as curves, grooves or crests cross the
preparation and continue in the surface of the restoration.
It may be difficult to distinguish between composite mate-
rial and tooth structure, and care should be taken not to
remove sound tooth structure. Overheating is another
option that harms the pulp and deteriorates composite
material creating visible white lines along the margins.
Therefore, water-cooling should be applied in all finishing
procedures.

Surface polish can be made by fine polishing disks or
rubber polishers, but care should be taken not to sacrifice
morphology of the finished surface. Finally a highly reflective
surface gloss may be obtained using abrasive polishing paste
applied with a brush of fine diamond bur. In teeth of young
people natural surface texture reflects light in many different
directions, which makes them look shiny and lively (Fig.
25.7A). In older people wear or erosion has often removed
surface structure and the reflection of light will be from only
one or two reflexes (Fig. 25.7B). A composite crown build-up
should have the same surface texture as the adjacent natural
teeth. Texture of a restoration can be made with a sharp edged
stone after polish, but before the final polishing paste. Creat-
ing surface texture when needed will often give the final touch
to an esthetic direct crown build-up.

Indications

The initial treatment of a fractured front tooth will most
often be a composite crown build-up. Concerning the final
treatment the pros and cons for the direct composite
restoration, the porcelain full/partial crown or the porce-
lain-fused-to-metal crown should be discussed in every case.
Age of the patient, size of the fracture, bite function/occlu-
sion, para-functions, esthetic need, economy and not least
the skills of the dentist – and the technician – should be
included in the decision.

A disadvantage with composite crown build-ups is the
lack of information on durability. However, durability of
Class IV restorations with newer materials and bonding
systems have improved – as already mentioned – and
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Fig. 25.6 Restoring technique
using a crown matrix
A. A fractured central incisor. B.
Preparation of a facial bevel with a
flame shaped diamond.

Palatal chamfer
C. Preparation of a palatal chamfer
using a round stone or a rounded
conic diamond. D. If sufficient
enamel in the gingival area is left,
a bevel can be made using a metal
polishing strip.

Final preparation and shade
selection
E. The final preparation. F. Shade
selection for the enamel is made in
the incisal area of the neighboring
tooth, whereas dentin color can be
selected in the gingival area of the
canine.

Adjustment of a matrix
G. A corner matrix is adjusted to
cover only 1–2 mm outside the
preparation. The right wedge is
selected. H. After acid etching and
bonding the dentin part of the
restoration is built up by hand
using dentin material (opaque) fol-
lowed by light-curing.

although longevity of ceramic restorations still is better, the
biological consequences by the invasive treatment and the
high initial cost for the patient should be included in 
the treatment decision.

Full coverage should be avoided in the young adolescent
or the early adult dentition in order to prevent a negative
pulp response of the combined irritants of trauma, exten-
sive preparation, temporization and cementation. Young
anterior teeth may not have reached the state of full erup-

tion, and the gingival response to placement of a crown
margin beneath the free gingival crest is often less than pos-
itive (52). Fracture resistance with modern resin and
bonding materials is acceptable, and in case of occurrence
of a fracture, it is easily and reliably repaired (53). Chipping
at the margins and marginal discoloration appearing over
time may be removed by finishing the margins. Therefore,
composite resin crown build-ups will often be able to cover
the demand for esthetics, biological acceptability and resist-
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ance to abrasive wear, where the size of the fracture is small
to medium, and should be first choice of permanent treat-
ment in such cases both in young and older patients (54).
For larger crown fractures the choice of treatment may more
often be a ceramic restoration, which also depends on both
the skills of the dentist and the economic resources of the
patient. If in any doubt the least invasive treatment should
always be preferred. If it does not meet the expectation of
the patient or the dentist, the non-invasive treatment may
always be changed to a more invasive treatment later in life,
whereas the opposite is not possible.

Essentials

Indications

Resin composites offer a conservative restoration of crown-
fractured teeth with a minimal risk of pulpal and peri-
odontal complications in both children and adults.

Restoration can be performed immediately after injury if
there is no associated periodontal or supporting bone injury.

Hybrid composites and amphiphilic bonding systems are
especially useful.

Durability

Class IV resin restorations have a shorter longevity than
Class III, and also a shorter longevity than full ceramic and
porcelain fused to metal crowns.

Biology and economy

A composite build-up of a fractured tooth is more conser-
vative to the hard tooth-structures, the pulp and the sur-
rounding soft tissue than a crown.

Considering that the composite build up may need
replacement 2–3 times to equal the durability of a crown,
the economical consequences for the patients over time may
be the same for both treatments.

I J

K L

Fig. 25.6 (cont.)
Application of enamel 
composite
I. For restoration of the enamel
part the corner matrix is used.
Only the facial and palatal part of
the matrix is filled with enamel-
material (translucent). This can be
done before the bonding proce-
dure starts, as long as the filled
matrix is kept protected from light.
After placement surplus of mate-
rial is removed before light curing.
J. After light-curing and removal of
matrix and wedge.

A B

Fig. 25.7 Surface structure is impor-
tant. A composite crown build up
should have the same surface texture
as the adjacent natural teeth. A. In
teeth of young people natural surface
texture reflects light in many different
directions, which makes them look
shiny and lively. B. In older people wear
or erosion has often removed surface
structure and the reflection of light will
be from only one or two reflexes.

Finished restoration
K. The restoration is polished to
mimic the synergist tooth by mor-
phology, surface structure and
reflexes. L.The lingual aspect of the
final restoration.
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Treatment

(1) Shade selection and preparation of matrix system.
(2) Select resin composites for layering technique.
(3) Prepare a 1–11/2 mm wide chamfer or bevel around

the fracture. To mask the transition line between
tooth and resin material the facial part may be shaped
like a stair-step or a wave.

(4) A pulp protective agent should be applied only on
localizations in the dentin with very close distance to
the pulp.

(5) Enamel and dentin bonding.
(6) Insert the composite material in opaque (dentin) and

translucent (enamel) layers of max. 2 mm. Charac-
terization resin material may be added below the last
enamel layer or may be part of the enamel layer,
depending on the resin system.

(7) Each layer is formed to right morphology and poly-
merized for at least 20 sec each.

(8) Remove matrix and major excess of material.
(9) Trim cavity margins and finish to correct morphol-

ogy with diamonds, burs or discs. Polish with rubber
polisher, abrasive discs and paste.

(10) Surface texture can be made using a sharp stone or a
diamond bur before final polish.

Survival of composites

Survival of crown build-ups are dependent on:

• Size of restoration
• Skill of the dentist
• Bruxism/clenching
• Oral hygiene
• Material properties
• Enamel and dentin bonding systems

Composite restorations should be considered semiperma-
nent restorations with an expected average of 3–4 years 
lifetime.
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Resin-retained bridges can be used both as transitional
(interim) and long-term treatment in the traumatized den-
tition. Compared to the conventional fixed prostheses and
the implant-retained (single) tooth replacement, there are
some advantages, which make this treatment especially
useful following dental trauma. Advantages of resin-bonded
bridges compared to conventional bridges include: minimal
tooth preparation, i.e. reversible procedures and no pulpal
involvement; as well as short working time, thereby imply-
ing lower costs. The ultra-conservative approach makes the
resin-bonded bridge a standard treatment option in the case
of uncertain prognosis, which is often the case in dental
trauma. A disadvantage associated with resin-bonded
bridges may be the anticipated limited length of clinical
service.

Treatment planning

In the treatment of missing anterior teeth, the following
factors must be considered (1):

• Age of the patient
• General condition of the dentition
• Occlusion
• Location and width of the edentulous space
• Quality of the teeth adjacent to the edentulous space
• Amount and quality of alveolar bone.

There are several treatment options, such as orthodontic
closure (see Chapter 24), autotransplantation of teeth (see
Chapter 27) and implants (see Chapter 28). The main
advantages and disadvantages of these treatments are 
discussed in Chapter 29 which concentrates on esthetics and 
function.

Indications for resin-bonded bridges include almost all
situations where interim or transitional treatment is desired.

The classical indication for a resin-bonded bridge is
replacement of a single tooth with 2 intact abutment teeth
(Fig. 26.1), and improvement of the bonding capacities of

luting cements and quality of composites have enlarged this
indication substantially.

In general there are no absolute contraindications for
resin-bonded bridges. Nonetheless, in specific situations,
such as moderate or severe trauma to dentitions, there may
be complications that influence the prognosis and quality of
service negatively. These complications may be present dis-
placement of the abutment teeth with crown or root frac-
tures, pulpal involvement of the abutment teeth and atrophy
of alveolar bone. A non-favorable position of an abut-
ment tooth, for instance, can make an esthetic solution 
impossible.

The treatment sequence and timing for resin-bonded
bridges depends on the presence or absence of complicating
factors mentioned above. In many cases an observation
period of several months is necessary before treatment can
be initiated. If a resin-bonded bridge is to serve as a long-
term therapy the complicating factors should be eliminated.
Because of the reversible character of the system, early appli-
cation of the resin-bonded bridge may be appropriate in
some situations, and the resin-bonded bridge can serve as
an interim or transitional restoration during evaluation or
treatment of the complicating factors (Fig. 26.2). This treat-
ment strategy is gaining more and more attention in con-
temporary prosthodontics and is called ‘the dynamic
treatment approach’. In this approach, which is very useful
in the treatment of traumatized dentitions, the goals of
treatment are less oriented towards the traditional aim of
long-lasting restorations than to solve functional problems
by applying customized solutions to current situations. For
a better understanding of the goals and tools used in this
approach, and its use in the treatment of dental trauma, this
concept is described in the next section.

The ‘dynamic treatment’ concept

The ultimate goal of restorative dental care is to maintain a
healthy and functional dentition for life (2). The traditional
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concept and sequence of restorative care is to eliminate
pathological factors, to reconstruct the dentition and to
maintain this situation as long as possible. To avoid a repair
cycle, the durability of restorations plays an important role.
However, depending on specific situations, a relatively high
price has to be paid to achieve this, both in economic as well
as in biological terms. There are many circumstances in
which such an investment is not justified, and where the
treatment should primarily aim at functional goals rather
than at durability demands. Examples may be found in the
field of pediatric, geriatric and social dentistry and also in
the treatment of dentitions after traumatic injuries. Not only
in these fields, the traditional morphological concept is
declining in favor of more problem-oriented concepts. For
instance, contemporary prosthodontic treatment strategies
show a trend to postpone ‘final’ treatments until interim or
transitional treatment phases are completed, and – if possi-
ble – avoid ‘definitive’ prosthetic reconstructions. During
interim phases, causes for decay and breakdown have to be
eliminated and conditions can be improved. Substantial

follow-up periods may be necessary before key questions
concerning the prognosis of individual or multiple teeth 
can be answered. In the mean time, basic function and
acceptable esthetics must be provided to the patient. In 
this respect, the transitional restoration is becoming increas-
ingly important, as long as an appropriate life span is 
provided.

The impact of this treatment concept is becoming even
clearer when comparing it to the traditional concepts. In the
traditional treatment plan, the key factor is the diagnosis.
Textbooks then provide standard guidelines for indications
following the diagnosis, emphasizing mainly morphological
reconstruction of what is impaired. These guidelines are
extremely static and will lead to uniform treatments. The
problem-solving concept on the other hand allows individ-
ual variation and is an excellent basis for a dynamic treat-
ment approach.

It is difficult to give a definition for the term ‘dynamic
treatment approach’. Nevertheless it is possible to give a
number of characteristics to help understanding. One char-
acteristic is that the approach is ‘moderate’ in the sense of
‘acting with restraint’ or ‘careful’. The dynamic treatment
approach is problem-oriented, meaning that where there is
no problem, solutions are not required. The approach is
flexible at different levels. It offers flexibility during the dif-
ferent treatment phases, but also in the longer run. At certain
stages, especially when uncertainties are involved, an evalu-
ation period is built in. Furthermore there is interaction
with the adaptive capacity of the patient in both active and
passive ways. A big difference between the dynamic treat-
ment approach and the traditional treatment approach is
that where the traditional approach is aimed at longevity of
restorative work, the dynamic approach is based on genera-
tions of restorative work, which offer the patient optimal
service at different stages of his life at relative low costs and
with minimal invasive techniques. The restorative materials
used for this purpose are challenged, as they have to offer
maximum flexibility during the different treatment phases,
should provide adequate protection to the tooth and sur-
rounding tissues, must be economically acceptable, and have
to keep subsequent treatment options open. Key issues in
this approach are: functionality rather than longevity, repair
rather than renewal, and limited treatment goals rather than
maximal result, all of them aiming to maintain a healthy and
functional dentition for life.

Fig. 26.1 Classical indication for a resin-bonded bridge, which is the
replacement of a single tooth and the presence of sound adjacent abut-
ment teeth.

Fig. 26.2 Rochette bridge in a patient
where the left central incisor was lost
and the left lateral incisor was
replanted after avulsion; the prognosis
of the lateral incisor is uncertain. Cour-
tesy of Dr. F. J. M. ROETERS.
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Direct resin-bonded bridges

Although clinical studies have indicated that indirect resin-
bonded bridges are more durable than direct ones, there is
still a need for directly applied resin-bonded bridges, espe-
cially in cases where the device is meant as an interim solu-
tion (3). The direct technique provides a restoration at
relatively low cost and with good esthetics and oral comfort.
The direct-pontic systems that have been described in the
literature include: the acrylic tooth pontic, the all-composite
pontic, and the natural tooth pontic. In general the pontic is
retained by resin composite material that acts as an adhesive
paste at the approximal areas of the teeth. The reported sur-
vivals for these systems from a number of clinical studies
vary from 30% up to 100% after 4 years (4–10). The great-
est advantage of the direct resin-bonded bridge is that it is
a very cost-effective technique with minimal biological
damage. If required, alternative tooth replacement tech-
niques are still open in a later stage.

The main disadvantage of the direct-pontic technique is
the inherent lack of strength against tensile and torqueing
forces of the resin composite fixation material. Especially at
the connector areas direct resin-bridges tend to fail. To
strengthen the relatively weak connector areas metal wire
and mesh ‘reinforcements’ have been employed. Because of
the weak adhesion to the resinuous material they showed a
questionable value in this respect. Recently developed fiber
systems (FRCs: fiber-reinforced composites) are capable of
increasing the fracture resistance of direct-pontic systems
substantially, bypassing the need for bulky connector areas
(11). This is especially the case if the fibers are combined
with all-composite pontics (Fig. 26.3). Generally fiber 
materials combine a high tensile strength with sufficient
adhesion to resin composites. The materials science and
properties of glass-fibers are well described in the (dental)
literature (12–15). Since a detailed presentation of this
knowledge is beyond the scope of this book, only some prin-
ciples of their reinforcing effect are presented. The mechan-
ical properties of FRCs are influenced by:

• Adhesion of fibers to the pontic material. The best adhe-
sion can be expected in combination with all-composite
pontics.

• Fiber orientation. A direction parallel to the tensile stress
of unidirectional fibers provides highest strength and
enables the fibers to absorb or intercept the majority of
tensile forces.

• Fiber placement. Fibers are most effective when placed in
the zone where tensile stress is expected.

• Fiber quantity. More fibers provide better reinforcement
than fewer.

Indirect resin-bonded bridges

There are two major types of indirect resin-bonded bridges:
the cast metal resin bonded bridge and the fiber-reinforced

resin-bonded bridge. The cast metal resin-bonded bridge
consists of a pontic and a cast metal framework. The resin
based bridge is constructed of a fiber-polymer frame that is
veneered with composite material.

The success of both restoration types is directly related to
the quality of the bond at the resin-tooth interface and to
the physical and chemical properties of the luting cement.
Moreover, the adhesive strength at the resin-metal interface
is directly of importance to the clinical performance of the
metal based resin bonded bridge, while for the resin based
bridge the strength of the fiber frame and the bond strength
to the veneering composite is critical (delamination). The
bond strength of composite cements that can be achieved at
the resin-tooth interface is in the order of 20–25 MPa. For
the resin-metal interface bond strengths may vary from less
than 10 MPa to over 40 MPa (16–20), depending on differ-
ences in surface treatments of the metal, the type of metal
alloy, and the luting cement used. Analogously, the inherent
characteristics of different fiber systems do not allow being
conclusive as to strength compared to the metal resin-
bonded bridge.

The strength of the system is significantly affected by the
design of the framework and abutment tooth preparation.
The design has to be such that the framework, whether metal
or fibers, absorbs forces that are applied to the pontic during
function. For this purpose, many suggestions have been
made as to their design (20–24). The preparation design
principles are based on the provision of a certain minimal
volume of construction material and on the creation of
shear resistance forms. These principles have consequences
for abutment tooth modifications and for the outline form
of the retention wings. If a truly adhesive restoration is
desired, there is the dilemma that resistance against tensile
and oblique forces must be sufficiently provided by tooth
preparation, while from a minimal intervention approach
only minimal tooth preparation is preferred.

Cast metal resin-bonded bridges

The following factors must be taken into consideration in
planning a cast resin-bonded bridge (Fig. 26.4):

• the design of the retention wings
• tooth preparation
• the number of abutment teeth.

The retention wings should cover a maximal surface 
of the enamel while not compromising esthetics. Incisal
translucency of the abutment teeth must also be taken into
consideration. Proximal wrap around is preferable when
esthetics do permit. Plaque-retentive areas must be avoided,
implying marginal placement at least 1 mm from the gingi-
val margin. The patient’s occlusion must also be considered
in the design of the retention wings in order to avoid pre-
mature contacts or excessive loading during excursions.
Occlusion on the retention wings is preferable to occlusion
on the abutment tooth enamel as occlusal forces load the
retention wing in the direction of the tooth, while occlusion
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Fig. 26.3 Direct all-composite
fiber-reinforced pontic system
A 15-year-old girl with a traumatized
central incisor which had to be
extracted due to external resorption.

Application of glass fiber 
Periostick®

Immediately after extraction, a rubber-
dam was placed. After etching the
tooth, the central and lateral incisors
and two pieces of the glass fiber Perio-
stick® were bonded to the palatal
surface of these teeth.

Application of pontic
A precured round piece of composite
was pushed in the extraction alveolus
and bonded to the Periostick®

. Then
the pontic was built up with a highly
filled hybrid composite resin in combi-
nation with an anterior hybrid com-
posite resin. Finally the patient was
instructed how to clean the pontic
area.

Control of pontic bridge
Six weeks later the patient came for a
final examination and minor adjust-
ments of the bridge. The extraction
alveolus was well healed and there is
a good shape of the interdental papilla
as a result of the way the pontic was
made. Occlusal view after six weeks
shows a retention wire on the palatal
surfaces that was applied by her 
orthodontist. Courtesy of Dr. F. J. M.
ROETERS and Dr. M. SIERS.
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on the tooth itself forces the tooth away from the resin-
bonded bridge (25).

With respect to tooth preparation there are divergent opin-
ions. Some authors recommend extensive preparation while
others advocate a more conservative design. Tooth prepara-
tion should always be included in the design of the bridge
in cases of insufficient interocclusal space and increased
mobility of the abutment teeth. Tooth preparation is also
indicated in cases where more than 2 abutment teeth are
involved in the construction or when there is an unclear seat
or an unclear path of insertion (Fig. 26.5).

Finally, preparation of grooves may be indicated, to
increase shear resistance. A useful anatomical guide for

enamel reduction during preparation for resin-bonded
bridges has been published by Ferrari et al. (26). The choice
of the optimal number of abutment teeth depends on the sit-
uation. Usually 2 abutment teeth are sufficient for 3- or 4-
unit bridges. If 3 or more teeth are to be replaced, or in cases
where the abutment teeth have increased mobility, more
abutment teeth can be used for retaining the bridge (Fig.
26.6).

Orthodontic pre-treatment may be another indication for
the use of extra abutment teeth and tooth preparation. Fig.
26.7 presents a patient with missing cuspids and lateral inci-
sors, who is orthodontically pre-treated. A central diastema
was closed with a simple orthodontic method. To prevent
any relapse, the bridge was cast as a single unit crossing the
midline.

Fiber-reinforced resin-bonded bridges

Initially developed in the aerospace industry, fiber-
reinforced constructions have been used for diverse applica-
tions in daily life for several decades. In many instances the
material replaces metal, leading to light constructions that
can bear heavy loads. In dentistry the optimal combination
of clinically applied resin composite materials with specific

Fig. 26.4 Schematic representation of the weak points in cast metal
resin-bonded bridges.A.The interface between resin cement and the tooth
enamel. B. The resin-cement/metal interface. C. Physical and chemical
properties of the composite resin-cement. D. The design of the bridge.

Fig. 26.5 Model set-up demonstrat-
ing the preparation form for a resin-
bonded bridge in the anterior region.

Fig. 26.6 Palatal view of a 6-unit resin-bonded bridge. More than 2 abut-
ment teeth were used as the lateral incisors demonstrated increased
mobility.
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mind comparable clinical guidelines making the FRC resin-
bonded bridge, being:

• The design of the retention wing
• Tooth preparation
• The number of abutment teeth.

The idea to cover most of the palatal surface of an abutment
tooth is valid, just as the instructions to consider the gingi-
val margin and the location of occlusal contacts. However,
enclosure of abutment teeth is not difficult to achieve, since
buccal outlines of palatal retainers are no problem from an
esthetic point of view.

Tooth preparation is subject to dicussion. Least invasive
concepts recommend to grind tooth material only to create
sufficient volume of the construction interocclusally and to
secure a clear path of insertion approximally, while refrain-
ing from providing resistance pits (palatal) or grooves

Fig. 26.7 Example of a six-unit resin-bonded bridge after orthodontic pre-treatment. Before (left) and after (right) placement of the restoration.

Fig. 26.8 Indirect fiber-reinforced
resin-bonded bridge replacing an un-
esthetic cast metal Rochette bridge
that has been in function for approxi-
mately 10 years.

fiber materials is as yet being studied. So far adequate 
materials have been introduced to the market and the appli-
cation of fiber-reinforced composite (FRC) constructions is
expanding.

Principally the indication of the indirectly fabricated
fiber-reinforced resin-bonded bridge does not differ from
the cast metal type (Fig. 26.8). The greatest advantage of
FRCs is their esthetic appearance, which makes construc-
tions possible that are not realistic using metals. Moreover,
once the bridge has been placed adaptations with directly
applied composite materials, in order to change form or
treat parts of the tooth that are not involved in the bridge,
are possible due to the use of comparable resin composite
materials in the bridge (27).

The actual lines to use fiber material are not different
from the use described for direct resin-bonded bridges. Like
the cast metal resin-bonded bridge, which is made in an
indirect restorative technique, the operator should bear in



Resin-related Bridges and Conventional Bridges 735

(approximal). Others refer to the analogy with the cast metal
resin-bonded bridge, for which the construction itself is not
the weak link of the restorative provision, but merely the
luting resin composite material. To cope with shear stress
due to occlusal forces, resistance forms in the tooth surfaces
are then recommended additionally.

The number of abutment teeth that are required is
expected to be in line with the choices that have to be made
with cast metal resin-bonded bridges. Due to the limited
long-term clinical experience with FRC bridges it is not
known whether constructions with more than 2 adjacent
pontics can reliably be made.

Finally, FRC resin-bonded bridges can be repaired during
their lifecycle, since resin composite is an adjustable mate-
rial. This too is an advantage of FRC constructions over
metal-ceramic constructions. It is an appealing characteris-
tic in view of the dynamic treatment approach.

Conventional bridges

The retention and resistance form of conventional bridges
is mainly based on the preparation and subsequent restora-
tion of the abutment teeth. In most cases the bridge is
retained by crowns; in some situations (mostly posterior)
inlay restorations provide the retention of the bridge. Con-
ventional bridges are durable restorations and may provide
satisfactory function (including esthetics) for a long period.
The materials conventional bridges are made of are usually
durable and they have high resistance to fatigue and deteri-
oration. As a result conventional bridges show almost no
ageing effects: they are very stable in their performance. This
latter characteristic – which is a very useful one in many
cases – is, however, a serious drawback for the use of con-
ventional bridges in trauma cases. A traumatic injury is
always followed by a period of healing and adaptation in
which the affected tissues and structures may change during
periods of months or years. This process may include the
pulp (delayed necrosis), the surrounding soft tissues (loss of
attachment) and the bone (continuous bone atrophy). As a
result an initially perfectly well-adapted conventional 
bridge may easily become inconvenient and eventually a
threat to its surroundings. On top of this intrinsic risk, the
clinical procedures making a conventional bridge increase
the risk of complications substantially. This is especially the
case in young patients where the pulp is large and the clin-
ical crowns are relatively short. In these cases the trauma
from tooth preparation might exceed the trauma from the
injury. The biological price is not in balance with the
expected benefits, therefore a conventional bridge is not a
treatment option in these cases and the making of it should
be avoided until all trauma related complications are under
control. It is beyond the scope of this book to present the
many details about materials, designs and clinical proce-
dures of conventional bridges that can be applied; these can
be found in the many excellent prosthodontic textbooks that
are available.

Prognosis of resin-bonded bridges and 
comparison with alternative 
prosthodontic treatments

Clinical data on the efficacy of resin-bonded bridges include
data from both retrospective clinical studies and from
prospective trials. The durability data reported in the liter-
ature are not especially representative for the resin-bonded
bridges in the case of trauma. It is reported that resin-
bonded bridges in young patients with trauma tend to fail
more frequently than in ‘average’ patients (28, 29). In one
study (30–32) the reasons for anterior tooth loss of the
‘average’ patient was described in detail: about a quarter of
the cases resulted from trauma, about 40% were related to
dental diseases, and in 33% of the cases there was no real
tooth loss, but bridge constructions were related to aplasia
or spacing (5%). Although it is not proven that the ‘average
patient’ in the described study is representative, it may be
expected that the populations of other studies do not differ
substantially regarding anterior tooth loss.

The reported survivals in clinical studies vary widely, and
the conclusions are sometimes conflicting. The heterogene-
ity of the results indicates that interpretation of only one
study may significantly mislead clinicians. Powerful tools to
deal with different outcomes of different studies are the sys-
tematic review and the meta-analysis. These methods are
increasingly being used in different fields of dentistry.
Regarding the hierarchy of strength of evidence in medical
(33, 34) and dental (35) clinical studies, it is stated that the
strongest evidence can be found from at least one published
systematic review of multiple, well-designed randomized
controlled trials (RCT). However, it then appears that only
a few randomized controlled trials on tooth replacement are
available. Moreover reviews on this topic are unsuitable to
be used as evidence for relative risks or benefits of therapies,
as they are not based on randomized controlled trials only
(36). If uncontrolled studies are included, these kinds of
research questions cannot be answered adequately, since it
is well known that studies without a control group are prone
to bias and generally show too positive effects of treatments.
Although outcomes of these reviews provide no strong evi-
dence that efficacies of therapies differ, systematic reviews
including non-RCTs can provide useful information for the
clinician and evidence for prognosis of treatments (37).

With respect to tooth replacement, five systematic reviews
have been published so far (38–42). Overall survivals of
resin-bonded bridges, conventional fixed bridges and crowns
on single tooth implants of 3 systematic reviews are shown
in Fig. 26.9 (38, 39, 42). Although relative risks cannot be
inferred and direct comparison is not allowed, they are
shown in one figure for practical reasons. The outcomes
from two other systematic reviews (40, 41) are not shown in
the diagram, although the results are almost similar to those
depicted in the graph. The overall survival of resin-bonded
bridges appears to be 74% after 4 years. Unfortunately, the
included studies did not allow calculating an overall survival
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for periods over 4 years at the time the study was performed.
One single RCT showed a survival up to 58% after 10 years
follow-up for anterior resin-bonded bridges (43). The same
is true for implant survival; here also the included studies
allow no calculation of overall survival beyond 4 years
follow-up. The predicted overall survival for single implants
was 97% after 4 years, but the study showed uncomplicated
crown maintenance of 83% (42). From a durability point of
view, the conventional fixed bridge still reflects the gold stan-
dard with a predicted survival of 74 ± 2% after 15 years (39).
This predicted outcome has been confirmed later by another
systematic review (41).

Unfortunately survival data on FRC resin-bonded bridges
are scarce at the time of publication of this book. One obser-
vational study (44) reported a survival probability of 75%
for glass-fiber reinforced resin-bonded bridges at 5 years.
Another study, including 61 anterior and 26 posterior FRC
resin-bonded bridges, reported 88% survival after 2 years
(45).

Factors influencing the survival of 
resin-bonded bridges

Mobility of the abutment teeth has been found to be a sig-
nificant risk factor for failure (46). Excessive occlusal loading
due to premature contacts on the abutment teeth or the
pontic has also been recognized as an important cause of
failure in several studies (46–48). Anterior resin-bonded
bridges show better prognosis than posterior resin-bonded
bridges. Besides the risk factors adapted from longitudinal
clinical studies, it is worth mentioning a few limitations
brought up by clinicians, such as bruxism and parafunc-
tional habits, deep-bite occlusion and long-span bridges.

One of the main advantages of resin-bonded bridges is
the possibility of rebonding in case of loosening. For cast
metal resin-bonded bridges the survival of these restorations
increases up to 77% after 10 years if they are once rebonded
(43). However, rebounded bridges are susceptible to new
failure. Hence the failure rate has been found higher than
the failure rate of originally bonded bridges (46, 47, 49). The
risk of failure after rebonding is estimated to be about twice
the risk of failure after original bonding (31). Before rebond-
ing the causes of loss of retention must be investigated 
carefully.

FRC bridges can fail in a dramatic way as they can break
due to high impacts. Generally, broken FRC bridges must be
replaced by new ones.

In conclusion, resin-bonded bridges have been evaluated
extensively over the past 25 years. The value of resin-bonded
bridges is their cost-effectiveness and the possibility of pro-
viding the patient with a minimal invasive treatment that
leaves all future treatments open. Cast metal resin-bonded
bridges show reasonably high survival rates. The indirect
FRC resin-bonded bridge is a relatively new development.
This type of bridge has enlarged the indication of resin-
bonded bridges to situations where high esthetic demands
must be encountered. Although no long-term data are avail-
able yet, the experiences so far are encouraging.

Essentials

Indications

• Individuals with intact or almost intact abutment teeth
and an intact alveolar process. In case of spacing between
teeth, cast metal bridges are contraindicated for esthetic

Fig. 26.9 Survival curves adapted
from 3 different systematic reviews 
on respectively resin-bonded bridges,
single tooth implants and conventional
bridges.
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reasons; direct or indirect resin composite techniques are
advocated.

• Interim solution in cases of waiting for diagnosis of even-
tual complications.

Treatment planning

• Depends on the age of the patient and presence or absence
of complicating factors.

• A direct resin-bonded bridge can serve very well as a tran-
sitional provision and can be made immediately after the
loss of a tooth. Depending on the skills of the operator a
direct resin-bonded bridge may be effective in the long run.

• An indirect resin-bonded bridge can serve as a long-term
solution.

Clinical procedure

All-composite tooth pontic

• If required, grinding of the palatal surface of the abutment
teeth to create interocclusal space

• Cleaning and isolation of the abutment teeth
• Etching of the enamel and application of bonding agent
• Preferably application of a fiber reinforcement from one

abutment tooth to the other, or alternatively a stainless
steel mesh

• Building up of the pontic in layers, and covering the
palatal surface of the abutment teeth

• Finishing the restoration

Acrylic denture tooth or natural tooth pontic

• Molding, fitting and aligning of the pontic tooth into a
proper position

• Fabrication of a silicone matrix for orienting the pontic in
the desired position

• Retentive preparation of the proximal surfaces of the
pontic

• If required, grinding of a horizontal palatal groove in the
pontic and creating interocclusal space at the abutment
teeth (for the benefit of fiber integration)

• Etching of the enamel and application of bonding agent
• If required, application of a fiber reinforcement
• Application of resin composite in the preparations and on

the proximal palatal surfaces of the abutment teeth
• Finishing of the restoration

Cast metal resin-bonded bridge

First session
• Cleaning of the abutment teeth
• Preparation of abutment teeth
• Selection of shade and color taking
• Impression taking

Second session
• Cleaning of the abutment teeth
• Checking of the fit, color and occlusion

• Application of rubber dam
• Cleaning of the bridge
• Etching, bonding and cementation
• Check of the occlusion and removal of the excess cement

Third session
• Re-check of the occlusion and finishing
• Oral hygiene instruction

Indirect fiber-reinforced resin-bonded bridge

First session
• Same procedure as for cast resin-bonded bridges

Second session
• Cleaning of the abutment teeth
• Checking of the fit, color and occlusion
• Application of rubber dam
• Preparing the adhesive (internal) surface of the bridge for

bonding
• Etching, bonding and cementation
• Check of the occlusion and removal of the excess cement

Third session
• See cast resin-bonded bridges

Follow-up

• Checking of retention and verifying proper function
• Application of normal prosthodontic maintenance

program

Prognosis

• 4-years cast metal resin-bonded bridge survival: 74%
• Direct and indirect fiber-reinforced resin composite

bridge survival: presently unknown

Risk factors

• Mobility of abutment teeth
• Excessive occlusal loading
• Posterior location (versus anterior)
• Diastema >2 teeth
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Autotransplantation of teeth is today a well documented
treatment method and is well suited for treatment of ante-
rior tooth loss (1–12, 17–20, 32–37). Due to the unique
osteogenic capacity of the graft, this procedure offers a treat-
ment alternative, where both the lost tooth and the atro-
phied alveolar process can be replaced (Fig. 27.1). Studies
have demonstrated good long-term survival of these trans-
plants, thus providing a realistic treatment alternative for
tooth replacement in young individuals (see Appendix 4,
p. 882).

Furthermore this treatment procedure has its optimum of
success in early childhood, a period where implants are
definitively contraindicated (see Chapter 28).

The key to successful tooth transplantation has been
shown clinically and experimentally to be proper selection
of grafts with adequate root development as well as the
design of surgical techniques for atraumatic graft removal
and graft insertion. These techniques are described in detail
in published textbooks on tooth replantation and trans-
plantation (21, 38) and survey articles (35, 39).

Treatment planning

When a tooth has been lost after trauma there are many
factors that have to be taken into consideration when a long-
term treatment plan is made. A multidisciplinary approach
is recommended with many specialists involved. When ante-
rior tooth loss occurs before completion of skeletal growth
a panoramic radiograph should be taken, in which potential
grafts, such as canines, premolars and in some cases diminu-
tive third molars, can be identified. When donor teeth are
available, the cost–benefit of autotransplantation should be
weighted against other treatment solutions, such as ortho-
dontic space closure (see Chapter 24), fixed prosthetics (see
Chapter 26) and implants (see Chapter 28). As optimal
prognosis depends upon teeth with incomplete root forma-
tion, the patient group best suited for this procedure is from

10 to 13 years old. At this age, alveolar growth is not yet com-
plete, thereby contraindicating implants and fixed prosthet-
ics (except for resin-retained bridges). An important
question is whether to close the space of the lost tooth or
keep the space open for replacement with a transplant. In
some patients it may be preferable to close the space by
orthodontic space closure. The choice between autotrans-
plantation and orthodontic space closure depends upon an
orthodontic analysis of growth and occlusion (see Chapters
24 and Chapter 29).

Autotransplants versus implants

Most traumatic tooth losses occur in young, growing
patients. Implants are contraindicated in growing patients
because they interfere with the growth of the alveolar
process resulting in an infraocclusion (see Chapter 28).
Implant treatment must therefore often be postponed until
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A B

Fig. 27.1 Alveolar bone induction by a premolar transplant to the canine
region. A. Due to a severe trauma considerable bone has been lost in the
region (arrow). B. The autotransplanted premolar has induced formation
of alveolar bone distal to the transplant (arrow). From KRISTERSON (10)
1985.
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growth is finished. During this waiting period there is a risk
of atrophy of the alveolar crest: when it is time for implant
installation this cannot be done without bone grafting prior
to implant treatment to achieve an esthetically optimal 
situation.

Autotransplantation of teeth to the region of tooth loss is
a method that can be applied regardless of whether the
patient has finished growth or not. In most cases, auto-
transplantation is a permanent choice, but can also be
applied temporarily in young patients to preserve the 
alveolar bone volume until growth is finished. The ultimate
goal of autotransplants in growing individuals is the poten-
tial of not only maintaining bone but also creating a new
alveolar bone by periodontal ligament induction and the
eruption process (Fig. 27.1).

Implant treatment can be a good choice for replacing a
lost tooth in adult patients, who have finished growth. The
completion of growth must be confirmed by height meas-
urement or a hand-wrist radiograph before implant treat-
ment can start.

A comparison between autotransplant and implant
reveals almost identical long-term prognosis (see Chapter
29) and good esthetics can be achieved with both methods.

There is, however, a significant difference in the cost effi-
ciency (see Chapter 34) as autotransplantation does not
carry the high cost of implant treatment. This is an espe-
cially important consideration for those individuals
throughout the world who cannot afford implant treatment.

Graft selection

The primary goals in graft selection are to ensure optimal
periodontal healing and pulp survival, which in turn ensures

optimal root development after transplantation. In the
selection of donor teeth, crown and root anatomy should be
considered.

With respect to coronal anatomy, reduction of tooth 
structure should generally be limited to enamel. Dentin
exposure should be limited due to the risk of exposure of soft
tissue inclusions which are found in post-transplantation
dentin and which can imply a risk of subsequent pulp necro-
sis (see later). However, in cases with compatible root
anatomy but less than optimal crown anatomy, crown
anatomy following transplantation can be modified signifi-
cantly by the use of porcelain crowns or veneers following
interceptive endodontic treatment (see the section on
restoration of transplanted teeth).

Concerning root anatomy, the graft should fit the recipi-
ent site loosely, avoiding contact with adjacent bone and pro-
viding at least 1 mm to the adjacent roots. Many potential
grafts will exceed the existing labio-palatal dimension, espe-
cially if atrophy of the alveolar process has taken place.
However, special surgical techniques, such as intentional
fracture of the labial bone plate or a composite tooth-labial
bone plate graft can solve this problem (see p. 744). An
important aspect is the dimension at the cervical aspect of the
graft. This must be in reasonable harmony with its antimere.
Such harmony can often be obtained if the graft is rotated 45°
or 90°. Moreover, if possible the donor tooth should be har-
vested from the opposite side of the arch to the recipient site.

With these limitations in mind, the following grafts (in
order of preference) appear to be suitable for the maxillary
central incisor region: second mandibular premolars,
canines, first mandibular premolars, second maxillary pre-
molars and diminutive third molars (Figs 27.2–27.4). Max-
illary first premolars should generally not be used because

Fig. 27.2 Central incisor loss, possible donor teeth. Except for mandibular first premolars, all premolars can serve as donor teeth. In rare cases, diminu-
tive maxillary third molars can also be used.
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of their bifid roots, which present surgical obstacles to atrau-
matic graft removal.

In the lateral incisor region, the mandibular first premo-
lar is, because of its size, the only good candidate for trans-
plantation (Figs 27.5 and 27.6). In the canine region, all
premolars, except the maxillary first, can be used (Figs 27.7
and 27.8). In general, grafts should be selected with three-
quarter to full root formation with a wide open apex. At this
stage of development, the graft is easy to remove and both

periodontal and pulpal healing are very predictable (see 
p. 758).

Analysis of the recipient site

A radiographic examination is necessary to analyze the ver-
tical bone level and space available between adjacent teeth.
As a rule, the crown of the potential graft should fit into the
space available mesiodistally above bone level. Furthermore,

Fig. 27.3 Central incisor region,
transplantation of a mandibular
second premolar. The double exposure
illustrates where crown substance
should be added or reduced.

A

B

Fig. 27.4 Central incisor region,
transplantation of a maxillary second
premolar. The double exposure illus-
trates where crown substance should
be added or reduced when the trans-
plant is positioned without (A) or with
(B) rotation.
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dimensions of the root of the graft should ensure 1 mm of
bone between itself and the roots of adjacent teeth.

The labio-palatal dimension of the alveolar process can be
estimated by inspection clinically. In case of doubt as to
whether a potential graft can fit into the recipient site, an
open surgical procedure should be chosen (see p. 747).

Surgical procedure

In this context only certain principles of graft removal and
recipient site preparation will be presented. Readers inter-
ested in details about the surgical procedures are referred to
recently published textbooks on this subject (21, 38).

Preparation of the recipient site

Based on the radiographic and clinical examination, and
depending on the fit of the graft in the existing alveolar
process, a closed (without raising a flap) or open (with flap
exposing the buccal alveolar bone area) procedure is
selected. As a rule, the recipient site is prepared prior to graft
removal in order to shorten the extra-alveolar period for the
graft. Before the surgical procedure, antibiotic coverage is
achieved (e.g. phenoxymethylpenicillin 2 g) 1 hour before
surgery and maintained for a period of 4 days (at doses of
1 g twice daily). (The doses mentioned are for a normallly
weighted 70 kg man and should be reduced accordingly for
persons with a lower body weight such as children and 
adolescents.)

Fig. 27.5 Lateral incisor loss, possible donor teeth. Mandibular first premolars are optimal donor teeth.

Fig. 27.6 Lateral incisor region, trans-
plantation of a mandibular first pre-
molar. The double exposure illustrates
where crown substance should be
added or reduced.
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If a tooth is present at the recipient site, it is extracted and
the socket enlarged so that the future graft will be sur-
rounded by a 1–2 mm coagulum (Fig. 27.9). This will opti-
mize periodontal and pulpal healing (13). The socket
preparation should be performed atraumatically using a bur
with internal saline cooling (15). Thereafter the entrance to
the socket is covered with a gauze sponge while awaiting the
graft.

Open procedure

A trapezoid incision is made in the attached labial gingival
mucosa. The affected tooth is extracted (Fig. 27.10) and an
osteotomy cut is made with a thin bur at the site of the future
alveolus. The labial bone plate is then removed with a chisel
and stored in saline. Thereafter the socket is prepared with

a bur with internal saline cooling. Finally, the socket is
covered with a gauze sponge in order to prevent saliva con-
tamination during graft removal.

Graft removal and insertion

The donor tooth is removed atraumatically, usually imply-
ing a flap procedure and removal of marginal bone labially
in the case of mandibular premolars or palatally in the case
of maxillary premolars. The graft is placed in a semi-erupted
position in the new socket and stabilized with a suture 
cervically.

In an open procedure, the dissected labial bone plate is
cut lengthwise with a heavy scissors into 2–3 pieces. These
grafts are placed so that they cover the labial part of the root

Fig. 27.7 Canine loss, possible donor teeth. Mandibular premolars are optimal donor teeth.

Fig. 27.8 Canine region, transplanta-
tion of a mandibular first or second
premolar. The double exposure illus-
trates where crown substance should
be added or reduced.



Autotransplantation of Teeth to the Anterior Region 745

Fig. 27.9 Autotransplantation of
a premolar to the central incisor
region using a closed procedure
The treatment plan is to transplant a
maxillary second premolar to the
central incisor region. The incisor is to
be removed due to root resorption sub-
sequent to replantation.

Extracting the incisor
The incisor is extracted. Note the
extensive root resorption.

Preparing the socket
The socket is enlarged with a surgical
bur with internal saline cooling. The
socket is expanded palatally. The
socket is then rinsed with saline.

Testing the size of the socket
Using a porcelain replica of a premo-
lar, the size of the socket is tested.
Thereafter the socket is washed with
saline.
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with cortical bone facing the root. Thereafter the labial flap
is elongated using periosteal incisions and then sutured
tightly around the neck of the transplant. As experimental
studies have shown that rigid splinting is detrimental to
both pulpal and periodontal healing, this procedure should
be avoided (13, 40). To prevent vertical displacement during
healing, a suture is placed over the occlusal surface of the
graft. Alternatively, a figure-of-eight stainless steel wire
(diameter 0.2 mm) inserted between adjacent teeth may
serve the same purpose. The stabilizing sutures or wires can
be removed after 1 week.

Follow-up period

Clinical and radiographic controls should be made 4 and 8
weeks after grafting, where healing complications, such as
pulp necrosis or external root resorption (i.e. inflammatory
or replacement resorption) can be diagnosed (13). After 4
months, the graft can be restored (see later). Further clini-
cal and radiographic controls should be performed at the
following intervals: 6 months, 1 year, 2 years and 5 years after
grafting in order to assess pulpal and periodontal healing
(Fig. 27.11).

Fig. 27.9 (cont.)
Removing the maxillary second
premolar
After making a gingival incision and
incising the cervical part of the PDL,
the tooth is extracted using gentle lux-
ation movements.

Repositioning the graft
The graft is placed in a 45° rotated
position in order to achieve sufficient
cervical width.

Splinting the graft
The tooth is splinted with an 0.2mm
stainless steel wire placed around the
necks of the adjacent teeth. The posi-
tion for the wire is ensured by etching
the labial enamel of the adjacent 
teeth and incorporating the wire in
composite.
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Fig. 27.10 Autotransplantation
of a premolar to the central
incisor region using an open
procedure
The treatment plan is to transplant a
right maxillary premolar to the central
incisor region where there is marked
vertical and horizontal bone atrophy.

Flap procedure and socket
preparation
A trapezoidal incision is made and the
atrophied alveolar ridge exposed.
Osteotomy cuts through the labial
bone plates and subsequent removal
of bone plate with a chisel will expose
the future socket. The socket is pre-
pared with a bur with internal saline
cooling.

Transplanting the premolar
The premolar is seated in the socket
and fixed in its new position with a
suture placed cervically. Thereafter, the
labial bone plate is cut lengthwise in
2-mm wide strips with heavy scissors
and placed over the transplant, with
the concave cortical surface against
the periodontal ligament (arrow).

Flap repositioning and splinting
The flap is lengthened via periosteal
incisions at its base and then sutured.
A thin (0.2mm) stainless steel wire
anchored between the right lateral
incisor and the left central incisor sta-
bilizes the tooth during initial healing.
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Pulpal healing

Three to 6 months after transplantation, pulpal healing can
be diagnosed clinically by a positive sensibility response as
well as radiographically by pulp canal obliteration (Fig.

27.12), which is a sign of reinnervation and revasculariza-
tion of the traumatized pulp (14). Pulp necrosis due to
infection can usually be diagnosed after 4 to 8 weeks. Treat-
ment of pulp necrosis is outlined in Chapter 22. Sec-
ondary pulp necrosis may occur following pulp canal 

Fig. 27.11 Tooth survival of auto-
transplanted teeth used in the treat-
ment of anterior tooth loss. A life table
analysis of two clinical studies repre-
senting 50 and 130 transplants to 
the anterior region. From KRISTERSON
& LAGERSTRÖM (20) 1991 and
ANDREASEN et al. (22) 2005.

Fig. 27.12 Long-term survival of
a grafted premolar
A maxillary second premolar trans-
planted to the lateral incisor region.

10-year control
Stable periodontal and pulpal heal-
ing is evident 10 years after 
transplantation.
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obliteration and is suspected to be related to a new trauma
or dentin exposure during crown preparation (10).

Periodontal healing

The earliest radiographic signs of healing (i.e. reformation
of the periodontal ligament space) can be seen after 4 weeks
and are usually manifest after 8 weeks. Inflammatory and
replacement resorption are usually evident after 4–8 weeks.
These complications were found with a frequency of 7% in
the authors’ material (22). The treatment of both resorption
types follows the principles outlined for avulsed and
replanted teeth (see Chapter 17, p. 470).

Root development

When transplanting teeth with an open apex a continuing
root development is seen (Fig. 27.12).

Orthodontic treatment of 
transplanted teeth

In many trauma cases, where autotransplantation to the
anterior region has been performed, it is often necessary to
reduce a maxillary overjet orthodontically.

Clinical studies indicate that orthodontic treatment is
possible 3–6 months after autotransplantation without a sig-
nificant risk of progressive resorption (15, 20, 22).

Restoration of transplanted teeth

The general principles for restoration of transplanted teeth
should imply a minimum interference with the health of the
pulp and the gingiva. In a tooth transplanted with an incom-
pletely formed root, revascularization of the pulp normally
occurs, but as a rule with pulp canal obliteration to follow.
Pulp canal obliteration can usually be diagnosed 3–6
months after transplantation. This newly formed dentin
differs from normal dentin by virtue of its cellular content
and many vascular inclusions (21). Thus, any exposure of
dentin, as during crown preparation or caries, may permit
progressive bacterial invasion. As an adequate secondary
dentin response in the pulp is not possible due to the con-
stricted root canal, an infected pulp necrosis may occur (Fig.
27.13). For this reason, it is suggested that restorative pro-
cedures are performed prior to total canal obliteration, i.e.
3–9 months after transplantation.

Before restoration, the contour of the gingival margin
should also be considered. If a gingivectomy is to be per-
formed, coronal regrowth of approximately 1 mm in the
anterior region should be expected (24).

Safe restoration of transplanted teeth implies the follow-
ing considerations:

(1) Pulpal status should be determined prior to restoration,
i.e. a positive sensibility response should be elicited.

(2) The restoration should be made so that no or only a
minimum of dentin is exposed. At least no post-
transplantation dentin must be exposed.

(3) The restorative procedure used should prevent or limit
microleakage, which leads to bacterial invasion, hyper-

Fig. 27.13 Pulpal complications sub-
sequent to crown preparation. The his-
tologic slides show extreme canal
obliteration with vascular inclusions.
One year after crown preparation, a
periapical radiolucency is seen. From
KRISTERSON (10) 1985.



sensibility and discoloration of the restoration. The use
of the new dentin-bonding agents may help to eliminate
these problems related to bacteria invasion following
tooth reduction.

If the tooth has been endodontically treated, the first two
considerations can usually be ignored.

The restorative procedures are presently confined to two
types: composite resin restoration or ceramic laminate veneers,
both employed after adequate enamel reduction.

Composite restoration

These restorations can be performed very soon after trans-
plantation. After necessary enamel reduction, the crowns are
built up according to the principles described for the use of
composite resin in the treatment of crown fractures. Figs
27.14–27.16 demonstrate examples of final treatment results
of autotransplantation in the treatment of anterior 
tooth loss.

An important aspect in the restoration of the traumatized
dentition is the restoration of symmetry in the dental arch.
A decisive factor is the cervical dimension of the graft, which
can be adjusted during the surgical phase of treatment by
graft rotation at the recipient site. However, in the case 
of anterior asymmetry, either due to deviation of graft
dimension with its antimere, or where adjacent teeth have
migrated into the site of tooth loss or infraocclusion in the
case of protracted ankylosis, and where for various reasons
orthodontic realignment is not possible, the problem arises
as to how to re-establish lost symmetry.

Slight reduction of the proximal surface of the adjacent
incisor may compensate for some space loss. There should
be maximal length of the restored transplanted tooth to
enhance the illusion of symmetry. The facial surface should
be flattened, with maximum separation between mamelons,
and acute proximal angles to allude to a broader tooth.
Finally, the mesial and distal corners of the incisal edge
should be squared (21).

Another situation can arise when the mesiodistal dimen-
sion of the transplant is greater than its antimere, as when a
maxillary premolar has been transplanted and rotated 90°.
In this situation, the opposite optical effect can be used to
achieve optimal symmetry (21). The transplant should be
restored to maximum length, with the facial surface as well
as the mesial and distal corners rounded and minimal dis-
tance between mamelons. This technique will deflect light
and suggest smaller dimensions. Moreover, the size of the
contralateral can also be enhanced to improve sym-
metry (21).

Finally, in teeth with diminutive cervical dimensions, cer-
vical build-up in ceramic, similar to that done in the case of
single tooth implants can provide another solution to ante-
rior asymmetry (25). In case of replacement of lateral 
incisors very minimal composite restoration is necessary
(Fig. 27.17).

Ceramic laminate veneers

The conservative preparation necessary for veneer restora-
tion makes this treatment procedure suitable for restoring
the esthetics to the anterior region following premolar 
autotransplantation while preserving pulpal vitality follow-
ing post-transplantation canal obliteration (25) (Fig. 27.18).
Although the crown height in younger individuals is very
likely to undergo changes, the gingival margin of ceramic
veneers cemented with a composite luting agent is estheti-
cally acceptable despite its eventual visibility. Patient satis-
faction with these restorations, including the prospect of
revision at a later date due to maxillary skeletal growth, is
more than adequate.

Special problems arise with respect to preparation of pre-
molars for anterior restorations. Often orthodontic adjust-
ment of the transplant is necessary prior to definitive
restoration. In such cases, the period of retention must be
complete before preparation for veneers. Otherwise, there is
a risk of tooth migration. Alternatively, a retention wire
should be applied palatally to assure transplant orientation
even after restoration.

Other problems that also present in these cases concern
the proximal extension of the preparation to ensure ade-
quate ceramic bulk to withstand occlusal loading during
function, as well as the extent of reduction of the palatal
cusp to ensure occlusal stability. It is still a matter of debate
whether a bulky palatal cusp invites lingual pressure that
could force the transplant facially or whether occlusion in
the central fossa stabilizes the tooth. Esthetic demands might
well dictate cusp reduction. Whatever decision is made with
regard to tooth preparation, caution must be exercised if
dentin is exposed during tissue reduction. In such cases, it
is advisable that the exposed dentin be treated with a dentin-
bonding agent and a thin layer of composite resin immedi-
ately after preparation and prior to impression taking in
order to seal dentinal tubules until veneer cementation.

The following procedures have been suggested for detect-
ing exposed dentin: search under magnification or with an
explorer where dentin feels and looks smooth compared to
a roughened, prepared enamel, or by a 5-second etch where
enamel looks frosty and dentin dull. Provisional restoration
would seem appropriate in such situations; also in the case
of palatal-occlusal reduction (i.e. a reverse 3/4 crown) in
order to maintain interdental and intermaxillary relation-
ships. When provisional restorations are indicated, they can
be retained either as a resin splint by spot-etching the pre-
pared and adjacent teeth or as a provisional veneer with a
eugenol-free luting agent (27–29).

In unpublished clinical material, porcelain veneers were
used to restore autotransplanted premolars. The conserva-
tive approach which was necessary in order to avoid expo-
sure of post-transplantation dentin often demanded an
unfortunate compromise in porcelain construction. It is,
therefore, suggested that if crown anatomy demands such
compromises, the graft be endodontically treated when ade-
quate root development is achieved.
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Fig. 27.14 Maxillary central in-
cisor replacement using auto-
transplantation
Right central incisor replaced with a
left mandibular second premolar.
The tooth has been restored with 
composite.

Right central incisor replacement
The incisor was replaced with a left
mandibular second premolar. The tooth
has been restored with composite.

Right central incisor replacement
The incisor was replaced with a right
maxillary second premolar. The tooth
has been restored with composite.

Left central incisor replacement
The incisor was replaced with a left
maxillary third molar. The tooth has
been restored with composite.



Fig. 27.15 Autotransplantion of
mandibular premolar to the cen-
tral incisor areas with a closed
technique
Transplantated premolar sutured into
position. The postoperative radiograph
shows incomplete root development.

Follow-up
A radiograph shows that full root
development has been achieved and
the usual obliteration is seen.

A

B

Fig. 27.16 Autotransplantation of a supernumerary premolar to the anterior region. A. Frontal view of a 21-year-old man at first examination. His chief
complaint was the replacement of an anterior bridge with an implant. The left central incisor was avulsed due to a traumatic injury and replaced by a
Maryland bridge. B. A supernumerary tooth was found between the right second premolar and the first molar. The extracted donor tooth shows a root
form optimal for transplantation. When the flap was raised, it was realized that the alveolar ridge was too thin to accommodate the donor tooth.



C

D

Fig. 27.16 D. Buccal and palatal view six years after transplantation. Tooth mobility and gingival probing depth is normal. On the radiograph a normal
PDL space is found around the root and no sign of progressive root resorption.

Fig. 27.16 C. The buccal bone plate was removed first and stored extra-orally in saline during socket preparation and replaced upon the transplant.
The flap was sutured tightly around the transplant, and the transplant was splinted to adjacent tooth with wire and resin. A root canal treatment of
transplants was started two weeks after surgery and finished with gutta-percha three months later.

Fig. 27.17 Maxillary lateral incisors replaced by mandibular second premolar transplants. This patient suffered lateral incisor and canine aplasia. Ortho-
dontic evaluation showed that mandibular second premolar transplantation to the lateral incisor position, together with anterior orthodontic movement
of the distally placed teeth was indicated in order to compensate for the missing teeth. The two mandibular premolars are at an optimal stage of root
development, with three-quarters of the anticipated root length. The clinical condition is shown 5 years after transplantation and after completion of
orthodontic treatment.



Final result
The transplants, after grinding were
restored with porcelain laminates.

Fig. 27.18 Autotransplanted pre-
molars restored with a porcelain
laminate veneer
Two restored central incisors were
replaced with 2 second maxillary pre-
molars. The transplants were later
restored with porcelain.
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Combined orthodontic closure 
and autotransplantation

In some cases it might be an advantage in the case of loss of
two incisors to close one of the sites and autotransplant the
second (Fig. 27.19).

Autotransplantation of teeth with completed
root formation

Recently a technique for autotransplantation of teeth with
completed root formation has been used in the initial or late
treatment of acute dental trauma (30, 31) (Fig. 27.20).

In this technique, the socket is prepared atraumatically
with surgical burs to a size which is slightly larger than the
donor tooth. The graft tooth is luxated and extracted after
incision of the periodontal ligament with a thin scalpel blade
and immediately transferred to the new socket and placed
slightly out of occlusion. The graft is splinted for 8 weeks
with a flexible wire splint and an acid-etch/composite 
technique.

After 3 to 4 weeks, endodontic treatment can be per-
formed using an interim dressing of calcium hydroxide fol-
lowed by a gutta-percha root filling (see Chapter 22).

In cases of acute trauma, this technique can also be used
to place the tooth in a site of less injury (Fig. 27.21).

In a recent study, the gingival and periodontal condition
of transplanted premolars to the anterior region by
Czochrowska et al. was compared to adjacent natural inci-
sors (41, 42). Identical gingival and periodontal conditions

were found, a finding which is rare with regard to implants.
Furthermore, the esthetic outcome of autotransplanted pre-
molars was analyzed. In a study of 22 transplants, a satis-
factory or acceptable esthetic outcome was found in 86% of
the cases (41, 42).

Prognosis

In several studies a success rate (i.e. without progressive root
resorption) of 87–93% was found for transplants and a
tooth survival rate of 90–98% (Table 27.1) (13–16, 20,
41–47). With respect to pulpal and periodontal healing, it
should be, however, mentioned that 10–20% of cases may
show complications at a later date, such as primary or sec-
ondary pulp necrosis as well as external (cervical) root
resorption, which may require additional treatment.

In long-term studies of autotransplanted teeth with
immature root development, where data allow life table
analysis of the prognosis, there appears to be almost identi-
cal survival: 5-year survival ranges of 98–99%; and 10-year
survival of 87–95% and 80% (20–23). The longest study of
autotransplanted premolars showed 90% survival after 39
years, a record that neither prosthetics nor implantology can
surpass (43) (Fig. 27.22). This survival rate thus appears to
be equal to alternative treatment approaches, such as
implants and for certain fixed prosthetic appliances (see
Chapters 26 and 28).
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Fig. 27.20 Autotransplantation of
two premolars with complete root
formation to the central incisor
region
This 14-year-old girl had lost her two
central incisors due to progressive root
resorption subsequent to replantation
after avulsion. In conjunction with
orthodontic reduction of a maxillary
overjet, two second mandibular pre-
molars were extracted and trans-
planted to cental incisor region.

10-year follow-up
The clinical and radiographic condition
is shown 10 years after transplan-
tation. The transplanted teeth have
been treated endodontically and later
restored vith post-retained crowns.

Fig. 27.19 Maxillary lateral and
central incisor replacement with
combined orthodontic space
closure and premolar trans-
plantation
Two incisors have been avulsed in a 9-
year-old girl. The treatment plan is to
orthodontically move the canine into
the lateral incisor position, the first
premolar into the canine position, and
finally to transplant the mandibular
second premolar into the central
incisor position.

Restoration of the anterior
segment
The premolar has been moved into the
canine position, rotated 45° and the
oral cusp reduced. The canine has been
moved into the lateral incisor position
and its cusp and proximal surfaces
reduced. The transplanted premolar
has been restored with composite.
From ANDREASEN et al. (12) 1989.
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Fig. 27.21 Autotransplantation
of an intruded central incisor with
completed root formation
Radiographic and clinical condition at
the time of injury in a 32-year-old
woman. There is extrusion of the right
maxillary lateral incisor with associated
gingival laceration. The right central
and left lateral incisors have been
avulsed and the left central incisor
intruded with severe crushing of the
associated alveolar process.

Treatment plan
Treatment includes autotransplanta-
tion of the left central incisor to a site
with least bony injury in order to avoid
later bone loss (i.e. the right central
incisor socket) and repositioning of the
extruded right lateral incisor.

Clinical and radiographic condi-
tion after treatment
The teeth are repositioned and the
gingiva sutured. The teeth are splinted
with flexible wire and an acid-
etch/composite resin technique for 3
months. The root canals were initially
treated with a calcium hydroxide
dressing for 3 months prior to final
root filling with gutta percha and
sealer.

Follow-up
The clinical condition is shown 4 years
after completed prosthetic treatment.
Radiographic condition 6 years after
completed treatment shows slight
apical surface resorption of the trans-
planted central incisor.
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With respect to the restorative procedures presently avail-
able, little is known of long-term success when applied to
autotransplanted teeth.

In conclusion, autotransplantation of premolars (and
sometimes diminutive molars) when indicated due to prob-
lems of crowding offers a unique treatment possibility of
restoring the bone, gingiva and the tooth in a trauma region.
Such a treatment solution should therefore be considered in
all cases of early loss of anterior teeth and when found indi-
cated performed with due regards to the prognosis related
factor.

Predictors for healing

The strongest predictor for optimal healing appears to be the
stage of root development and apical diameter at the time of
grafting (14–16, 38, 39) (Fig. 27.23). This factor appears to
influence both pulp and periodontal healing and to a less
degree also graft survival (Figs 27.24 and 27.25).

A very significant factor appears to be the experience of
the oral surgeon: individuals who had performed more that
25 autotransplants had a significantly higher success rate
(48, 49).

Another parameter shown to influence graft survival was
a structured follow-up regimen to monitor periodontal and

pulpal complications. Thus, it was found to be able to
increase the survival rate of autotransplants in 30% (48, 49).

Finally, the type of graft is of importance, with maxillary
first premolars haring significantly less healing potential 
(14, 15).

Fig. 27.22 Long-term prognosis of
autotransplanted premolars. From
CZOCHROWSKA et al. (43) 2002.

Fig. 27.23 Predictors for successful autotransplantation of premolar.

Table 27.1 Success rate of transplanted premolars to the anterior region.

No. of Success rate Survival rate 
teeth (%) (%)

Andreasen et al. (13–16) 1990 33 88 98
Kristerson & Lagerström (20) 1991 23 87 96
Kugelberg et al. (44) 1994 31 87 90
Czochrowska et al. (41, 42) 2000 45 93 93
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Fig. 27.24 Predictors for pulp healing.

Fig. 27.25 Predictors for PDL healing.
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Essentials

Indications

• All cases where an early loss of permanent incisors 
could be anticipated – in that case a panoramic radi-
ograph should be taken in order to detect possible tooth
grafts.

• The advantage of tooth autotransplantation in com-
parison to alternative treatment procedures is the 
establishment of a functional tooth unit, which 
allows tooth eruption and development of the alveolar
process.

Graft selection

Central maxillary incisor region
• All premolars except maxillary first premolars, some-

times canines or maxillary third molars of small 
size

Lateral maxillary incisor region
• Only mandibular first premolars

Canine region
• All premolars except maxillary first premolars

Stage of graft removal

• 3/4 or full root development with wide open apex is
optimal; however, full root development with subsequent
endodontic therapy is also an option.

Surgical procedures

• Atraumatic surgery and experience is the key to 
success.

• Closed procedure in cases with adequate bone support
(Fig. 27.9).

• Open procedure in cases with composite bone-tooth
grafting (Fig. 27.10).

• Atraumatic graft removal and graft insertion is essential
for successful long-term results.

Orthodontic treatment

• If orthodontic treatment is necessary, it can be performed
when revascularization of the pulp has been completed,
i.e. after 4 months.

Prosthetic restoration

• Autotransplanted teeth can be restored by a composite
technique after 3 months with a porcelain laminate 
technique.

• Minimal or no dentin exposure during crown preparation
is essential. Eventual prophylactic endodontic interven-
tion at the time of adequate root development to ensure
optimal preparation for porcelain construction.

Prognosis

• 5-year graft survival: 98–99%
• 10-year graft survival: 87–95%
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Indications for implants in 
trauma patients

One of the largest achievements in dental history has been
the development of implants as a reliable replacement 
for failing or missing teeth (Fig. 28.1). This evolution 
has been going on for more than three decades and 
has gradually evolved into a simplified and usually reliable
treatment procedure. There are now reports on the 
long-term results in trauma patients of using this treatment
entity (1).

With regard to the use of implants in trauma cases a series
of questions occurs:

• What is the indication for using implants?
• Should implants be preferred to other tooth replacement

procedures? (e.g. prosthodontics, autotransplantation of
teeth or orthodontic closure)

• At what age can implant treatment be used? (A critical
question as early adulthood is the most common time for
dental traumas to occur.)

• At what time after an injury and/or an extraction can
implant treatment be performed?

• Which technique should be used to optimize long-term
esthetic and functional results?

• What are the long-term effects of implant treatment in
regard to function and esthetics?

• Can failures be predicted?

These items will be discussed, but only aspects of implan-
tology that are related to treatment of tooth loss after acute
dental trauma will be presented. For a complete description
of dental implantology the reader is referred to recent text-
books devoted to this topic. The evaluation of treatment
options after tooth loss based on cost, economy and use in
growing individuals in shown in Appendix 4, page 882.

Treatment with implants in a trauma
situation – when to give up?

Dental traumas may present such a variety of healing com-
plications that it is sometimes difficult to decide when to
give up and rely on other treatment solutions. As it appears
from Fig. 28.2 the yellow and red trauma types represent
potential tooth loss candidates; however, in relation to fre-
quency, they represent a relatively small proportion of all
traumas (see Chapter 34).
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Fig. 28.1 Treatment of a central incisor loss with an implant supported restoration. Prosthetics performed by Dr. B. Holm, Copenhagen.
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Avulsion without replantation

In these cases an immediate demand for tooth replacement
arises. A decisive factor appears to be the age as installation
of an implant demands completed alveolar growth (see 
p. 763).

Avulsion and subsequent replantation

In case of replantation usually a number of complications
arise, normally related to fast or protracted root resorption
(see Chapter 17, p. 470). In case of fast root resorption (e.g.
in children), a treatment solution has to be made very soon
due to the fast infraposition of the tooth; in these cases deco-
ronation is often the treatment of choice (see Chapter 24, p.
703). In case of protracted resorption (e.g. in adults) the
tooth can be kept as space maintainer for a prolonged 
time.

Intrusion

After replantation of an avulsed tooth, this is the most severe
injury and usually implies severe periodontal and pulpal
complications (see Chapter 16, p. 439). A common treat-
ment procedure for implanted teeth such as orthodontic
repositioning require many patient appointments (an
average of nineteen) which makes the treatment expensive.
When the chance of a successful healing outcome is consid-

ered, there is often a discrepancy between the effort used to
solve an intruded permanent tooth in an adolescent and the
chance of good long-term survival (see Chapter 16, p. 441).
In these cases an analysis of the cost of repositioning plus
surveillance of healing should also incorporate an analysis
of alternative treatment, which may imply installation of an
implant.

Crown-root fractures

A certain number of crown-root fractures will not be suit-
able for restoration (see Chapter 11). In these cases implant
installation may be the immediate option, considering the
age of the patient (see p. 763).

Root fractures

In the past healed root fractures with hard tissue inter-
position were not accepted as permanent healing and were
therefore extracted and replaced by implants or fixed
prosthodontics. With the present knowledge of root fracture
healing, such an approach cannot be considered acceptable
today, except in a few cases of cervical fracture where a hard
tissue union has not occurred and permanent splinting is
not indicated (see Chapter 12, p. 358). Cervical fractures
related to endodontic treatment of immature teeth usually
represent an indication (see Chapter 22, p. 631).

Fig. 28.2 Potential tooth loss related to trauma type. Various trauma types in the permanent dentition, with yellow arrows indicating a certain risk of
tooth loss and red arrows indicating frequent tooth loss.
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Treatment planning

When anterior tooth loss has occurred or is anticipated (e.g.
due to progressive root resorption) the most important
factors to consider with respect to treatment planning are:
age of the patient, anticipated vertical growth of the alveolar
process, space available between crowns and roots of neigh-
boring teeth, occlusal relations, and condition of the alveolar
process. These factors usually determine the treatment of
choice, whether orthodontic space closure, resin-retained or
conventional fixed prosthetics, autotransplantation, or
implantation. To aid in the choice between the treatment
possibilities, study models, intraoral and panoramic radio-
graphs, and sometimes CT scans are necessary.

J. Ödman

Timing of implant insertion in relation to
jaw growth

The vertical and horizontal growth of the alveolar process is
strongly related to tooth eruption (2–4). Furthermore, tooth
eruption is first of all related to genetic and hormonal
factors which imply that tooth eruption stages can vary
extensively in individuals with the same chronologic age.
Erupting teeth, besides moving in occlusal direction, also
perform a lateral movement in the mesio-distal and bucco-
oral directions due to bone remodeling processes in the 
jaws (5).

In the 1980s there was intense discussion as to whether
implants could be used in young individuals to replace
missing teeth without interfering with growth of the jaw.
The main question was at what chronologic age implants
could be installed. To obtain an answer to this problem, a
series of experimental and clinical studies were initiated and
performed at the University of Gothenburg, Sweden (7–11).
Subsequent to this, a consensus conference was held in
Jonköping, Sweden, in 1990 to find answers to these prob-
lems (12).

The experimental study was carried out in young pigs
with developing permanent premolars and showed that
inserted implants behaved like ankylosed teeth, being inte-
grated with bone. Accordingly, the implants did not erupt
together with adjacent teeth and caused local arrest of the
vertical alveolar growth process in the implant areas. The
osseointegrated implants stayed in their original position
and did not participate in the mesio-distal or buccal-oral
growth (7–11).

In view of the results of this experimental study, place-
ment of implants in growing regions or in the neighbour-
hood of developing or erupting teeth was found to be
inappropriate in children and young adolescents (8).
However, clinical trials were necessary to verify if implants
were suitable to replace missing teeth in older adolescents.

Consequently a group of 15 adolescents (ages 13 to 19

years) with missing teeth were selected (9). All patients had
the same dental stage and fully erupted permanent teeth
(third molars excluded). There was, however, a difference in
age, skeletal development and amount of remaining growth.
Body height was recorded and skeletal maturation assessed
from radiographs: this varied between MP3-FG and R-J, i.e.
skeletal stages ranging from pubertal spurt termination to
practically completed growth (13).

A total of 27 fixtures were placed, 19 in the upper jaw and
8 in the lower jaw, and the patients were followed during a
10-year period with photographs, study casts, periapical
radiographs, lateral cephalograms, hand-wrist radiographs
and body height measurements (11).

During the first three years the increase in body height of
the patients varied between 0 and 18 cm and the infraocclu-
sion of the implants in the incisor region varied between 0
and 1.6 mm (9) and in the canine and premolar regions from
0 to 0.6 mm. The most noticeable infra-occlusion took place
in individuals with the largest increase in body height. Based
on this study it could be concluded that even when all per-
manent teeth (except for third molars) are fully erupted it is
important to check that skeletal maturation is completed
before placing implants (9).

During the next six years of the follow-up no increase in
body height took place. However, occlusal changes were
detected. The infraocclusion of the implants in the upper
incisor region increased from 0.6 mm to 1.0 mm during the
six years and the range of the whole 10 year period was
0.1–2.2 mm (11) (Fig. 28.3A–D). This problem of continu-
ing infraposition has later been supported by a study from
Switzerland reported by Bernard et al. 2004 (13), where
infrapositions ranged from 0.1–1.9 mm.

An explanation for this late infraposition is most likely the
phenomenon of slight continuous eruption which takes
place in the dentition even in adults. These events have been
analyzed in long-term studies of normal patients and have
revealed an annual vertical eruption of 0.07–0.1 mm of inci-
sors in adults aged 20–40 years (14–18) (Fig. 28.4). Late
condylar growth can possibly add to the infraposition
problem.

Whereas bone level next to the implants appears to be
stable, continuing proximal bone loss has been found to take
place among neighboring teeth. Thus in a study of maxil-
lary lateral incisor implants a bone loss of 2.2 and 4.3 mm
was found in the canine and central incisor region, respec-
tively (11) (Fig. 28.5). This continuing bone loss is naturally
of concern and further studies should be performed to
reveal whether this effect eventually plateaus.

The above mentioned clinical and experimental findings
call for treatment guidelines concerning installation of
implants in young adults. In general installations of implants
should be postponed until major alveolar growth has termi-
nated (Fig. 28.4). This event can be evaluated by using one or
more of the following growth estimators (12, 17):

• Terminated growth in height (being stable for at least two
years).

• Repeated cephalographs demonstrating arrest of alveolar
growth.
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• Wrist radiographs with radius epiphysis line being closed
or almost closed.

In spite of these precautions progressive infraposition of
implants in the anterior region may occur with an annual
risk of approximately 0.1 mm infraposition. This may, over
the years, lead to esthetic problems due to an uneven incisal
line (19) (Fig. 28.3E–F).

This problem is especially of concern in unilateral placed
implants and especially in the central incisor region where
comparison between the incisal line is so obvious. The
implication of this is that young patients requiring 
anterior implants should be informed about the risk of
infraposition.

C. Hämmerle

Timing of implant placement following
tooth extraction

When a tooth is scheduled for extraction and the treatment
plan foresees replacement of the tooth by an endosseous
implant, the clinician has to make a decision with respect to
the best time for placing the implant following removal of
the tooth. Implant replacement has previously been advo-
cated either immediately following tooth extraction and 
thus during the same surgical intervention, or following
certain time frames allowing for healing to proceed. These

A

C

E

B

D

F

Fig. 28.3 Infrapositions of implants over time. A–D. Two male patients, with implants in the same region and close in age, illustrating the importance
of ceased craniofacial growth for the outcome of implant treatment. After THILANDER et al. 1994 (9). A. The patient had a fixture inserted in the upper
left lateral region at the age of 14 years 10 months. The crown was placed when he was 15 years 5 months. The skeletal stage at the insertion of the
osseointegrated implant was MP3-FG (according to HÄGG & TARANGER (17) 1980). Superimposition of the cephalograms from the crown placement
and the three-year follow-up demonstrated large growth changes. In the same period the increase in body height was 18cm. B. At the three-year follow-
up there was a very evident infraocclusion of 1.6mm and an apical shift of the gingival margin. The infraocclusion of the fixture crown increased during
the next 7 years. C. Shows a patient with no change in vertical position of the implant crown during the three-year follow-up. The patient had a fixture
inserted in the upper left lateral region at the age of 16 years and 4 months. The crown was placed when he was 16 years 11 months. D. There is no
change in vertical position of the fixture crown 3 years later. During the 3 years and 7 months since fixture insertion the patient had an increase in body
height of 0.5 cm, while superimposition of the cephalograms from the crown placement and the three-year follow-up demonstrated no craniofacial
growth change during this time. During the following 7 years there was no evident change of the vertical position of the fixture crown. E and F. Adult
patient with infraocclusion of the implant crowns. E. A 25-year-old female treated with single implant in the right central incisor region. F. The situation
9 years later at the age of 34 years. Note right central incisor in infraposition and with gingival recession. From JEMT et al. (19) 2005.
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time frames include waiting for soft tissue healing over the
extraction socket, waiting for substantial bone fill to occur
within the socket, or waiting for complete bone fill triggered
by the tooth extraction, to be completed (Fig. 28.6) (20, 21).
All four of these approaches are associated with certain
advantages and disadvantages (Table 28.1).

Important clinical problems are the lack of bone to place
an implant in a congruent bony bed and the relative lack of
soft tissues for primary wound closure. In a well designed

controlled clinical trial it has recently been demonstrated
that when implants are placed into extraction sockets, where
the distance from the implant surface to the surrounding
bone walls is less that 2 mm, spontaneous bone fill of the gap
and osseointegration of the previously exposed implant
surface will predictably occur (22). Furthermore, evidence
from series of case reports indicates that gaps larger than 2
mm may also spontaneously heal with bone at implants
placed immediately into extraction sockets (23, 24).

A B

Fig. 28.4 Estimate of expected infraposition for anterior dental implants inserted in children and young adults. A. Based on data from a longitudinal
growth study of 14 girls from 8–25 years, the expected residual vertical and horizontal component of continued eruption of the upper central incisors
can be estimated in relation to age for girls. This measure is also an estimate of the amount of infraposition to be expected in the adult for a dental
implant inserted at the age in question. The graph is constructed according to the subject’s age, and the expected infraposition can be determined from
the vertical scale. Somewhat larger values can be expected for boys. B. Graphic illustration of vertical eruption (i.e. expected infraposition) related to age.
Modified from ISERI & SOLOW (16) 1996.

Fig. 28.5 Marginal bone loss on adja-
cent teeth subsequent to implant inser-
tion in adolescent patients in the
lateral incisor region. After THILANDER
et al. (11) 2001.
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Fig. 28.6 Healing stages after tooth
extraction in man. From ANDREASEN
et al. (20) 1994.

Table 28.1 Treatment options for implant replacement into extraction sockets.

Approach Advantages Disadvantages

Immediate implant placement • Reduced number of surgical procedures • Site morphology may complicate optimal placement 
following tooth extraction • Reduced overall treatment time and anchorage

• Optimal availability of existing bone • This tissue biotype may compromise optimal outcome
• Potential lack of keratinized mucosa for flap adaption
• Adjunctive surgical procedures may be required
• Technique-sensitive procedure

Complete soft tissue coverage • Increased soft tissue area and volume • Site morphology may complicate optimal placement 
of the socket (4 to 8 facilitated soft tissue flap management and anchorage
weeks) • Allows resolution of local pathology to • Increased treatment time

be assessed • Varying amounts of resorption of the socket walls
• Adjunctive surgical procedures may be required
• Technique-sensitive procedure

Substantial clinical and/or • Substantial bone fill of the socket facilitates • Increased treatment time
radiographic bone fill of implant placement • Adjunctive surgical procedures may be required
the socket (12 to 16 • Mature soft tissue facilitates flap management • Varying amount of resorption of the socket walls
weeks)

Healed site (>16 weeks) • Clinically healed ridge • Increased treatment time.
• Mature soft tissue facilitates flap management • Adjunctive surgical procedures may be required

• Large variations in available bone volume
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Clinical studies in humans have demonstrated that bone
remodeling initiated by extraction of the tooth leads to
morphological changes of the ridge (25–27). These changes
are characterized by internal bone fill of the socket and
external resorption of the socket walls. It has recently been
demonstrated that in situations where implants are placed
immediately into the extraction socket, such alterations also
occur (24). As a result of internal bone formation, the
exposed implant surface was covered by bone at the time of
re-entry surgery 4 months following implant placement.
However, the external dimension of the socket was dimin-
ished by an average of 56% from the buccal direction and
30% from the lingual direction (25).

The above described data suggest that immediate place-
ment of implants into extraction sockets will lead to bone
anchorage of the implants. This bone integration takes place
in the absence of specific therapeutic steps aimed at improv-
ing spontaneous soft and hard tissue healing. In contrast, the
loss of ridge volume, in particular from the buccal aspect,
prevents this clinical approach from being used in estheti-
cally demanding situations. Loss of soft and hard tissue often
compromises optimal esthetic results (28). In such situa-
tions adjunctive measures are necessary to prevent bone
resorption and, if necessary, to augment the bone and soft
tissue to the desired volume.

Two basic strategies aimed at improving hard and soft
tissue volumes have been advocated for the replacement of
teeth by implants in esthetic sites. The first one calls for
implant placement immediately following tooth extraction.
Protocols following this treatment take advantage of the
maximum availability of existing bone contours. Mainte-
nance of these bone contours is achieved by placing barrier
membranes with or without membrane supporting materi-
als. Insufficient soft tissue for primary coverage of the
implant, or for tension-free adaptation of the flap towards
the neck of the implant, is a significant clinical problem of
this approach. Techniques have been described utilizing
pedicle grafts, free grafts or stretching of the buccal mucosa
towards the palatal flap margin to obtain gap closure.
Whereas bone augmentation is highly successful, complica-
tion-free healing of soft tissue is less reliable. In addition, the
optimal technique for obtaining the desired level of soft
tissue healing has not been determined in experimental or
clinical studies (Table 28.1).

The second strategy calls for a waiting time of several
weeks, which allows complete healing of the soft tissue over
the extraction socket. Subsequently, implants are placed and
the missing bone volume is regenerated by use of guided
bone regeneration. By using this approach the increased
amount of soft tissue facilitates flap closure and thus
improves the predictability of complication-free integration
of the implant. This approach is often preferred in sites
where esthetics are highly important, where successful treat-
ment outcome is more important than increased treatment
time and an additional surgical intervention (Table 28.1).

Although, good clinical results have been presented using
both strategies, studies comparing the two are presently
lacking.

D. Buser and T. von Arx

Biologic and surgical aspects for implant
therapy after loss of traumatized teeth

The patient’s expectations

Initiation of therapy starts with an understanding of the
patient’s desires. In most cases, the patient’s primary
demand is an esthetic tooth replacement offering a nice
smile. Furthermore, the patient usually expects a life long
treatment result with a minimum of maintenance. Finally,
patients are usually concerned by the cost of the treatment.

For the clinician, the reestablishment of esthetics and
function requires knowledge of all treatment options. Con-
ventional fixed partial dentures and implant-supported
restorations should be objectively evaluated for their poten-
tial to provide long-term function and stability (see Chapter
26). Today, implant-supported restorations often represent
the best solution since intact tooth structure and support-
ing tissues of neighboring teeth can be preserved (67) (see
also Chapter 26).

The challenges for the clinician

Tooth replacement in the anterior maxilla is challenging,
since poor judgement during preoperative analysis, the
selection of an inappropriate treatment approach, or the
inappropriate execution of clinical procedures can lead to
esthetic short-comings, esthetic failures, or even esthetic dis-
asters. Esthetic complications with implant-borne restora-
tions are either iatrogenic or anatomic in nature (29).
Iatrogenic causes include implant placement in a malposi-
tion, the selection of an oversized implant, such as wide-
platform implants, or the selection of an inappropriate
treatment approach overstressing the biologic healing
capacity of the oral tissues. Anatomic causes include bone
deficiencies in the horizontal or vertical direction, combined
bone and soft tissue defects, or implant sites with multiple
missing teeth leading to the placement of adjacent implants.

These considerable challenges make implantology in the
anterior region one of the most demanding procedures in
implantology (29, 221).

To successfully meet the challenges of esthetic implant
dentistry in daily practice, a team approach is advantageous
and highly recommended. The team includes an implant
surgeon, a restorative dentist, and a dental technician who
preferably all have advanced knowledge and clinical experi-
ence. A successful implant surgeon working in the esthetic
arena has a good biologic understanding of tissue response
to implant placement, a thorough surgical education and the
skills to perform precise and low-trauma surgical proce-
dures, and a large patient pool providing sufficient surgical
experience of esthetic implant placement.

Biologic aspects in esthetic implant sites

It is important for the clinician to understand that ridge
anatomy includes the soft tissues and the supporting bone
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A B

Fig. 28.7 PDL conditions in a natural and healthy dentition. A. Illustration demonstrates the relationship between the free gingival margin (FGM), bone
crest (BC) scalloping, and the cementum-enamel junction (CEJ) in a healthy dentition. A 5-mm distance is present from the interproximal bone crest to
the contact point. Note the supracrestal connective tissue (CT) the junctional epithelium (JE) and the gingival sulcus. B. Illustration demonstrates the
supracrestal position of the biologic width (BWT) and epithelium on healthy teeth. From ELIAN et al. (43) 2003.

A B

Fig. 28.8 Placement of one implant next to a natural tooth. A. Implant placement adjacent to healthy dentition does not affect the interdental papilla
due to the supracrestal position of the biologic width (BWT). B. Removal of buccal bone to visualize the interproximal bone level midway between buccal
and palatal corticals. Note position of biologic width around implant (BWI) in comparison to the tooth (BWT). From ELIAN et al. (43) 2003.

A B

Fig. 28.9 Placement of two adjacent implants. A. The placement of two adjacent implants results in the loss of the supracrestal biologic width. This
means the soft tissue papilla will be higher. B. Buccal cortical plate removal to visualize the interproximal bone level midway between the buccal and
palatal corticals. Note the position of the biologic width around the implant in relation to the contact point. From ELIAN et al. (43) 2003.
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in all dimensions, and that the soft tissue contours around
implants are heavily influenced by bone anatomy. In recent
years, numerous studies revealed that the concept of the bio-
logic width, once described for natural teeth by Gargiulo et
al. (30) (Fig. 28.7), is also valid for osseointegrated implants,
since soft tissues also demonstrate relatively constant
dimensions around implants (31, 32, 43) (Figs 28.8 and
28.9). These studies have demonstrated a thickness of the
peri-implant soft tissues of approximately 3 mm on the
facial aspect, and of approximately 4.5 to 5.0 mm at inter-
proximal areas. The size of this soft tissue cuff dictates the
position of the bone level. In addition, there are differences
in soft tissue thickness among different gingival biotypes
(68). A thin biotype with a highly scalloped gingival archi-
tecture has a reduced soft tissue thickness when compared
with a thick biotype featuring a blunted contour of papillae
(34).

Keeping these relatively constant dimensions of peri-
implant soft tissues in mind, the underlying bone structure
plays the key role in the establishment of esthetic soft tissue
contours in the anterior maxilla. Two anatomic structures
are of importance: the bone height of the alveolar crest at
interproximal areas, and the height and thickness of the
facial bone wall. The interproximal crest height plays a role
in the presence or absence of peri-implant papillae. Today,
it is well accepted that a distance of more than 5 mm from
the alveolar crest to the contact point reduces the probabil-
ity of intact papillae not only at teeth, but also at implants
(35, 36). It has also been shown that the height of peri-
implant papillae in single-tooth gaps is independent of the
proximal bone level next to the implant, but depends upon
the interproximal bone height at adjacent teeth (68). Clini-
cal situations with reduced vertical bone on adjacent teeth
are challenging, since there are currently no surgical tech-
niques available to predictably regain lost crest height.

Having a facial bone wall of sufficient height and thick-
ness is important for the long-term stability of a harmo-
nious gingival margin on the facial aspect without changes
in tissue height. Patients with traumatic tooth loss fre-
quently present with a bone wall that is missing or is insuf-
ficient in height and/or thickness. Thus, various surgical
techniques have been proposed in the past 15 years to
correct such bone defects at the facial aspect of potential
implant sites. The best documented technique is guided 
bone regeneration (GBR) using barrier membranes, which
can be carried out using a simultaneous or a staged
approach (37, 38). Clinical studies and experience demon-
strate that horizontal bone augmentation can be predictably
obtained with the GBR technique (82), whereas vertical
bone augmentation is much more difficult to obtain (39).

Ideal implant position in esthetic sites

Placement of implants in the correct three-dimensional
position is the key to the outcome of esthetic treatment,
regardless of the implant system used (29, 46, 47). The rela-

tionship between the position of the implant and the pro-
posed restoration should be based upon the position of the
implant shoulder. The implant shoulder position can be
viewed in three dimensions: oro-facial, mesio-distal and
corono-apical.

In the oro-facial direction, an implant shoulder placed too
far facially will result in the risk of soft tissue recession, since
the thickness of the facial bone wall is clearly reduced by the
malpositioned implant. In addition, potential prosthetic
complications could result in restoration–implant axis prob-
lems, making the implant difficult to restore. Implants posi-
tioned too far palatally can result in emergence problems, as
seen with ridge–lap restorations.

Improper mesio-distal positioning of implants can have a
substantial effect on the generation of interproximal papil-
lary support in addition to the osseous crest on the adjacent
natural tooth. Placing the implant too close to the adjacent
tooth can cause resorption of the interproximal aveolar crest
to the level of that on the implant. With this loss of the inter-
proximal crest height comes a reduction in papillary height.
The loss of crest height at adjacent teeth is caused by bone
saucerization, routinely found around osseointegrated
implants. This saucerization has a horizontal and vertical
component (Fig. 28.10). Radiographs demonstrate that the
horizontal component of proximal bone saucerization
measures about 1.0 to 1.5 mm from the implant surface (40).
This minimal distance needs to be respected at implant
placement to prevent vertical bone loss on adjacent teeth.
Too close a position results in loss of proximal bone (40, 42)
and thereby the height of the interdental papilla (33).

The vertical component of saucerization amounts to
approximately 2 mm at interproximal areas, measured from
the implant shoulder. This radiographic observation rou-
tinely seen in patients (40, 41, 44) has been confirmed by an
experimental study (45).

With regard to the corono-apical position of the implant
shoulder, the same study (45) demonstrated that the posi-
tion of the implant/abutment interface, often called the
microgap, has an important influence on the hard and soft
tissue reactions around osseointegrated implants.The further
apically the microgap is located, the more bone resorption is
observed.Clinically, if an implant is inserted with an excessive
countersinking procedure, an unnecessary amount of bone
loss will occur. Since this resorption will take place circumfer-
entially (Fig. 28.10), it will affect not only the proximal bone
structure, but also the height of the facial bone wall, and can
lead to undesired soft tissue recession (29).This phenomenon
is also important in sites with two adjacent implants since the
inter-implant bone will be resorbed, leading to a shortened
interimplant papilla (Fig. 28.10).

Esthetic failures can also be caused by improper implant
selection, mainly due to the use of oversized implants. The
use of ‘tooth analogous’ implant diameters based solely
upon the mesio-distal dimension of the tooth to be replaced
should be avoided. With such wide-platform or wide-neck
implants, the implant shoulder could be placed too close to
adjacent teeth and too far facially, leading to the complica-
tions mentioned above.
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The concept of comfort and danger zones

When planning for an ideal three-dimensional implant
position, a distinction is made between ‘comfort’ and
‘danger’ zones in each dimension (mesio-distal, oro-facial,
and corono-apical) (29) (Fig. 28.10). Selection and place-
ment of the dental implant should be based on the planned
restoration in these zones (29, 43, 46, 47). If the implant
shoulder is positioned within the danger zones, one of the
above mentioned complications could occur, potentially
resulting in esthetic shortcomings.

Respecting the comfort zones in three dimensions results
in an implant shoulder located in an ideal position, allow-
ing for an esthetic implant restoration with stable, long-term
peri-implant tissue support.

Mesio-distal dimension

In the mesio-distal dimension, the danger zones are located
next to adjacent teeth. It is recommended that the implant
shoulder and the adjacent root surface be at least 1–1.5 mm
apart (Fig. 28.10). The critical distance between two
implants has been found to be 3 mm. Too close a position
results in loss of intraproximal bone from saucerization
around the implant shoulders (41–43) and thereby the
height of the interdental papilla (33, 36).

Oro-facial dimension

With regard to the oro-facial dimension, the facial danger
zone is located anywhere facially to the imaginary line high-
lighted from the point of emergence of the adjacent teeth
and/or planned restoration (Fig. 28.10). The palatal danger
zone starts about 2 mm from this point of emergence, and
leads to an increased risk of a ridge-lap restoration. Place-

ment of the implant oro-facially in the comfort zone, which
is located anywhere in between these areas, will allow for a
restoration with a proper emergence profile to maintain the
harmonious scalloping of the gingival margins.

Coronal-apical positions

Tooth loss will, as a rule, result in not only loss of the oro-
facial dimension but also the vertical height. This pheno-
menon becomes excessive if tooth loss occurs early or is
followed by gradual infraposition of an ankylosed tooth (18,
48, 49). In these cases the installation of implants will result
in a significant esthetic problem due to gingival asymmetry.

Another disturbing phenomenon is that the position of
the gingiva will be below the interdental crest, and this may
lead to subsequent loss of interdental bone (42). Further-
more, if implants are placed too deep the saucerization will
interfere with labial bone, leading to retraction of the papilla
(29).

The corono-apical positioning of the implant shoulder
follows the philosophy ‘as shallow as possible, as deep as nec-
essary’, being a compromise between esthetic and biologic
principles. The position of the implant shoulder should be
approximately 2 mm apical to the mid-facial gingival margin
of the planned restoration (78). This can be accomplished
through the use of surgical templates highlighting the gingi-
val margin of the planned restoration.In patients without ver-
tical tissue deficiencies, the use of periodontal probes leveled
on the adjacent cemento-enamel junction (CEJ) in single-
tooth gaps has proven to be a valid alternative. Implant place-
ment within the apical danger zone (located anywhere 3 mm
or greater apically from the proposed gingival margin) can
result in undesired facial bone resorption and subsequent gin-
gival recession. The coronal danger zone is invaded with a
supragingival shoulder position leading to a visible metal
margin and poor emergence profile (Fig. 28.10).

A B C

Fig. 28.10 Comfort and risk zones in implant insertion. A. Correct implant position in the mesiodistal dimension. The implant shoulder should be posi-
tioned within the comfort zone, avoiding the danger zones, which are located close to adjacent root surfaces. The danger zone is about 1.0–1.5mm
wide. B. Correct implant position in the orofacial dimension. The implant shoulder is positioned about 1mm palatal to the point of emergence at adja-
cent teeth. The danger zone is clearly entered when the implant is placed too far facially; this can cause resorption of the facial bone wall with subse-
quent recession. C. Correct implant position in the apicocoronal dimension. The implant shoulder is positioned about 1mm apical to the CEJ of the
contralateral tooth in patients without gingival recession. The danger zone is entered when the implant is placed too far apically using excessive coun-
tersinking, or too far coronally, which results in implant shoulder exposure at the mucosa. From BUSER et al. (29) 2004.
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To create and maintain a normal
appearing gingiva

Soft tissue appearance is related to the level, color and
texture of the gingiva. The interdental papilla will be
described separately.

Gingival level and appearance

Labial and oral

Repeated surgical incisions in the implant area (e.g. to insert
bone transplant and/or membranes) may create scar tissue.
If repeated surgical intervention has to be made incisions
should be made along previous incision lines.

In case that a choice can be made between vertical bone
augmentation and vertical bone distraction it should be
considered that the latter preserves the gingival texture (see
p. 783).

The location of the gingival margin labially is primarily
determined by the depth and installation of the implant.
According to the abutment plateau the level of the labial and
palatal gingiva will be approximately 2.5 mm coronally (Fig.
28.8). This means a 5–7 mm-deep interproximal position of
the implant shoulder due to the gingival scallop. Such a deep
position may prevent satisfactory cementation and call for
screw retention of the restoration (47).

In follow-up studies it has been found that retraction of the
gingival margin takes place, and the extent of this has been
found normally to be in the range of 0.6–1 mm; however,
predictors for this retraction have not yet been identified
(50–52). Such a retraction may have serious consequences by
exposing crown margins, abutments and fixtures.

Interdental papilla

The creation or maintenance of an interdental papilla has
been a serious challenge in implantology (43). A normal
tooth has gingival collagen fibers inserted in cementum
which support and maintain the interdental papilla, but the
circumferential collagen fibers around an implant do not
have the same capacity.

In several studies it has been found that creation of an
interdental papilla with adequate fill out of the interdental
space is related to a number of factors:

• The original soft tissue level at the implant site
• The proximal bone level at the implant site
• The presence of a natural tooth or another implant in the

region
• Position of the contact point to neighboring teeth
• Surgical techniques (see later)
• Time after implant installation
• Whether or not a customized temporary restoration is

used.

Since Tarnow’s classical studies on the relation between the
position of the interdental septa in natural teeth and the
position of the interdental papilla (35) a similar relation has

been found in regard to implants next to natural teeth (36,
43, 53). Thus when the distance from the interproximal
contact point to the top of the bone crest was 3–4 mm, the
chance of a gingival papilla filling the interdental space was
found to be 100%, whereas the chance was reduced to
50–60% when the distance was 6 mm (36, 53).

The strong relation between an adjacent neighboring
tooth with normal periodontal conditions implies that the
natural tooth is the essential host for the papilla and will
determine the position of the papilla (68). This principle can
be used to create a more favorable position of the interden-
tal papilla next to an implant by orthodontic extrusion of
neighboring teeth whereby the interdental bone height is
increased (54, 55).

A different problem arises if two implants are placed next
to each other (Fig. 28.9). In this case the height of the papilla
will be approximately 3 mm above bone level (43, 53, 56), a
situation that usually implies that a 1–2 mm reduced gingival
papilla will be found between the two implants (43, 53, 56).

Another factor that determines the presence of a papilla is
the distance of the cervical level between implant to adjacent
teeth or implant-to-implant.The chance of a 100% papilla fill
is found when this distance is less than 2.5 mm (53).

The volume and position of the interdental papilla has
been found to increase over time (50, 57–59). Furthermore,
customized intermediate restorations that are slightly over-
sized may induce growth of the interdental papilla (58).
However, it appears that the inherent spontaneous growth
of the papilla over a two-year period of time will give the
same result (58, 59).

Gingival pocket depth

This feature appears to be quite stable over the years, thus
in a 1–9 year follow-up study no significant deepening took
place (59, 62).

To create and maintain a normal
appearing alveolar process

In almost all trauma cases alveolar bone has been lost and
needs to be recreated. A variety of methods are available
today, with varying success rates (see p. 773).

Proximal bone

The maintenance of proximal alveolar bone is of interest as
loss of this bone may endanger an adjacent natural tooth. In
a 10-year study in young adolescents a loss ranging from
0.5–1.5 mm took place (63). Such an amount may be of
concern if this rate of bone loss continues. In adults,
however, the bone loss appeared to be more confounded and
leveled out after some years (64, 68, 187). A new concept,
scalloped parabolic implant design, could possibly lead to
less proximal bone loss (65, 66).
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Labio-lingual bone

This has been very little researched due to limitations in the
standard of radiographic procedures. However, the develop-
ment of Micro CT scan (see Chapter 9, p. 270) provides a
new method to measure this parameter. From clinical expe-
rience, it has been noted that atrophy of labial bone often
takes place and, in some cases, leads to gingival retraction.

J.O. Andreasen

Preoperative evaluation

Prosthetic aspects

The prosthetic aspects of implant selection for restoring lost
anterior teeth depend upon various situations.These include:

• The condition of the adjacent teeth. Thus, if the adjacent
teeth are crowned or have large restorations, a conven-
tional bridge could be considered.

• Occlusal relationships and/or habits. Patients with deep
overbite and/or severe parafunctional habits may present
contraindications.

• Interdental space relationships. The minimum space
required between adjacent teeth is 6–7 mm for implant
placement, as well as to permit adequate crown form and
size (see later).

• Cuspid guidance. In restoring a cuspid, one should be
aware of the occlusion. A cuspid-protected occlusion on

an implant should be avoided due to the great forces a
cuspid can exert.

• Esthetic limits of an implant-borne crown, due to lack of
bone or alignment of the fixture. These problems have
become less significant as the latest implant techniques use
surgical reconstruction of the alveolar process (see later).

The restorative dentist should guide the surgeon in placing
the implant in the correct horizontal and axial orientation.
This can be done in several ways, either indirectly by the use
of surgical stents or directly by the restorative dentist being
present during fixture insertion. A good general rule is that
the axis of the implant should ideally be placed identically
to the long axis of the tooth to be replaced.

There are several different types of surgical stent that can
be used. All are aimed at aiding the orientation of the labial
surface of the future restoration.

Surgical aspects

Vertical and horizontal alveolar bone atrophy is a common
problem following anterior tooth loss. This can be extreme
following early tooth loss or in cases where the labial bone
plate has been lost due to tooth avulsion. In order to evalu-
ate osseous condition at the proposed implant site, periapi-
cal orthoradial radiographs should be taken (Fig. 28.11).
With respect to the recipient site, there should be a distance
of 1–1.5 mm between the potential position of the implant
and adjacent teeth. This distance is especially important in
the cervical region where the width of the cervical part of

Fig. 28.11 Preoperative radiogra-
phic evaluation, angulated expo-
sure
The space needed cervically amounts
to the cervical diameter of the abut-
ment plus adequate space to adjacent
teeth, i.e. 1–1.5mm mesially and dis-
tally. The length of the implant cannot
be accurately determined radiographi-
cally due to the oblique projection in
the maxillary anterior region.

Preoperative radiographic evalu-
ation, horizontal exposure
It appears that the actual distance
between the crest of marginal bone
and the nasal floor is approximately 
1mm shorter than the radiographic
distance shown with angulated 
exposure.
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the fixture and the abutment should be considered (Fig.
28.11). If the distance appears critical, orthodontic expan-
sion should be considered or a smaller implant size chosen.

To estimate the extent of labial bone atrophy, several
methods have been advocated, such as sagittal CT scanning
and direct probing under local anesthesia, using a measur-
ing instrument which penetrates the gingival and alveolar
mucosa (Fig. 28.12). These techniques can determine
whether or not there is sufficient horizontal bone support
for the implant. CT scanning is useful to determine in three-
dimensions the amount of bone (and its quality) and should
definitely be used in cases where more than one tooth is
being replaced. If very precise assessment of alveolar atrophy
is required, a plaster model is cast and sectioned at the
implant site. The soft tissue depth is then marked after direct
probing through the mucosa (Fig. 28.12). It is not unusual
for a soft tissue thickness of 5–6 mm to be present, so care
should be taken not to overestimate existing bone volume.

The surgical procedure is entirely determined by the
status of the alveolar process. In the following text, different
treatment solutions will be presented according to the con-
dition of the alveolar bone.

Standard insertion in single gaps with
good bone volume

In this situation, the tooth to be replaced may be either
present or recently extracted. In both cases traumatic tooth
removal is of the utmost importance with respect to the
maintenance of an intact labial bone plate. Special instru-
ments have been designed to facilitate tooth removal by sev-
ering cervical periodontal ligament fibers (70).

To install the fixture, a trapezoidal flap is raised which
avoids the marginal gingiva of adjacent teeth, as this appears
to result in less proximal bone loss (215). Implant placement
without flap elevation (often called ‘flapless surgery’) is con-
sidered experimental since no proper scientific documenta-
tion is available yet. The implant site is then prepared
according to the implant system used (Fig. 28.13). The axis
of the implant should ideally follow the axis of the tooth to
be replaced and be directed at the proposed incisal edge. The

ideal position and alignment of the implant is one in which
the fixture resembles that of the natural tooth. If a compro-
mise is necessary, the axis of the implant can be deviated to
some extent in most implant systems.

In some cases a large incisal canal may prevent optimal
placement of the implant. In these cases it has been shown
that elimination of the canal content and replacement 
with an autogenous bone graft (see later) can solve this
problem (71).

The cervical level of the implant is important in ensuring
an optimal esthetic suprastructure. Thus, in the central
incisor region, this level should be 2 mm apical to the mid-
facial gingival margin of the planned restoration (78). In the
lateral direction a distance of 1–1.5 mm is desirable (see p.
769). After implant insertion, the flap is repositioned and
sutured.

Although the value of antibiotics has not been definitively
shown it seems advisable to administer penicillin for 2–4
days following fixture installation (212). The peri- and post-
operative use of 0.12 chlorhexidine rinse is also recom-
mended (213).

D. Buser and T. van Arx

Surgical procedure in single tooth gaps
with doubtful bone volume

Today, the majority of implants in the anterior maxilla are
placed in combination with an augmentation in areas with
local bone deficiencies (Fig. 28.14). Thus, an open flap pro-
cedure is necessary to allow for bone augmentation. In daily
practice, facial line-angle relieving incisions are most often
necessary to allow sufficient access to the surgical site. In
patients requiring bone augmentation, this flap design
allows for tension-free wound closure with the release of the
periosteum and coronal mobilization of the flap.

Following degranulation of the surgical site, the implant
is placed in the correct three-dimensional position as
described on p. 769. Primary stability of the implant is a pre-
requisite for successful osseointegration. If a local defect is
present, a simultaneous GBR procedure is performed as long
as a bone defect with a two-wall morphology is present. For
implant sites with a one-wall defect, a staged approach using

Fig. 28.12 Estimating the bony
dimensions of a reduced alveolar
process. An impression is taken and 
the model sectioned at the potential
implant site. After administration of a
local anesthetic, the mucosa is pene-
trated with a periodontal probe. These
measurements are then transferred to
the sectioned plaster model. In this
way the sagittal extension of the alve-
olar process is accurately determined.
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Fig. 28.13 Use of an implant to
treat anterior tooth loss
A 24-year-old man has suffered ante-
rior tooth loss due to trauma. The alve-
olar process was intact.

Raising a flap
A trapezoidal labial flap is raised which
respects the interdental papillae. The
flap is extended palatally so that
sutures are not placed directly over the
implant.

Insertion of the implant
The level of the implant before inser-
tion of the healing cap should be 3mm
below the labial gingival margin of the
homologous tooth.

Completed restoration
After a healing period of 6 months and
installation of an abutment a porcelain
crown is fabricated.
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primary bone augmentation without implant placement is
recommended (see p. 773). The implant is precisely inserted
avoiding the danger zones as previously described. The bone
augmentation procedure is performed using autogenous
bone grafts usually combined with a bone substitute with a
low substitution rate such as deproteinized bovine bone
mineral. The augmentation material is covered with a

barrier membrane preferably made of collagen to avoid a
second surgical procedure for membrane removal. Finally,
tension-free primary flap closure is performed using a sub-
merged implant during the healing period.

This method requires the site to be reopened to gain
access to the integrated implant to initiate prosthetic
therapy. The healing period prior to reopening varies 

A

C

E

B

D

F

G

Fig. 28.14 Insertion of implant in a case with doubtful bone volume. A. Preoperative situation with single tooth gap in the right maxillary canine region.
B. Intrasurgical status following placement of a standard implant in a correct 3-dimensional position and an intact facial bone wall in crestal area. A
small apical fenestration defect was augmented with locally harvested autogenous bone grafts. C. Submerged implant healing was chosen for 3 months
at that time. D. The implant was first restored with a provisional acrylic crown to condition the peri-implant soft tissues. E, F. Clinical status 12 years fol-
lowing implant placement demonstrates absolute stability of the gingival margin at the implant crown and a nice convexity in the alveolar crest. A good
esthetic result is achieved, an important feature considering the high line. G. The periapical radiograph at 12 years following implant placement confirms
stable bone crest levels around the implant.
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from 6 to 12 weeks depending on the extent of the peri-
implant bone defect present at implant placement. The
reopening is made with a punch technique using a 12b
blade. Subsequently, prosthetic therapy includes most often
a provisional single crown to condition the peri-implant soft
tissues followed by the final ceramo-metal or full ceramic
crown.

Horizontal augmentation

Introduction

One important prerequisite of implant treatment is suffi-
cient bone volume at the recipient site to allow correct three-
dimensional positioning of the implant and primary
implant stability. The time has gone when implantation was
controlled by bone structure. Prosthetic- and/or esthetic-
driven implant placement often require enhancement of
remaining bone structures. As a consequence, planning of
implant therapy always includes a thorough investigation 
of the bone quality and quantity of the recipient site. Addi-
tionally, adjacent anatomical structures such as the nasal and
maxillary sinus cavities, the mandibular canal, and the
mental foramen must be taken into account during treat-
ment planning. If the clinical and standard radiographic
(periapical and panoramic radiographs) examination
reveals compromised bone volume, further clinical (bone
mapping) and or radiographic evaluations (cross-sectional
images) are recommended for preoperative site analysis.

Depending on the extent and morphometry of the bone
deficiency, on the number of implants to be placed, on soft
tissue characteristics and esthetic demands, the sequence
and type of bone surgery will be determined. If alveolar
ridge atrophy mainly involves a lateral component, hori-
zontal augmentation of the residual ridge is the objective of
bone surgery.

Horizontal augmentation techniques

In the last two decades, a number of horizontal augmenta-
tion techniques have been described, including:

• Use of bone grafts
• Use of barrier membranes with autografts and/or bone

substitutes
• Use of titanium mesh with autografts
• Bone splitting

With respect to time sequence, ridge augmentation is either
performed simultaneously with implant placement, or as a
preparatory step in a staged procedure before implant 
placement.

Onlay and veneer grafts

Autogenous block grafts are applied for lateral ridge aug-
mentation as an onlay or veneer graft (72, 73). Block grafts
should be fixed to the residual bone using fixation screws
gliding through the bone block and engaging the lingual or
palatal bone wall. This results in optimal stability and

absence of micro-movements that allows for fast integration
of the bone blocks (74, 75). However, considerable surface
resorption of so-called non-protected bone blocks has been
reported (76). This bone loss must be taken into account
and overcorrection is recommended when using this tech-
nique before subsequent implant placement (77).

Guided bone regeneration (GBR)

The use of barrier membranes has become widely accepted
in periodontology and implant dentistry. Although in the
past clinicians have advocated the use of barrier membranes
for space secluding, it is now recognized that membranes
collapse into the defect resulting in limited success of the
treatment (78). Therefore, it is now unequivocally recom-
mended that a block or particulate material be used for
membrane support (79–84).

Early clinical and experimental studies on GBR reported
the use of a non-resorbable expanded polytetrafluoroethyl-
ene (ePTFE) membrane, but nowadays resorbable collagen
or polyester (polylactide, polyglycolide) membranes have
become widely accepted (85–87). Although ePTFE mem-
branes show excellent biocompatible properties they have an
increased risk of wound dehiscence with possible site infec-
tion and/or reduced volume of bone healing (88–91, 123).
Additionally, the hydrophobic ePTFE-material has poor
handling and adaptation properties and requires fixation to
the underlying bone. Another disadvantage is the necessity
of a second flap procedure for membrane removal. To
improve their mechanical stability, ePTFE-membranes were
reinforced with titanium but this did not help to reduce their
significant drawbacks.

In contrast, resorbable barrier membranes made of colla-
gen or polyesters are hydrophilic compared to ePTFE
making membrane management easier and faster. Further-
more, no additional flap surgery is required for membrane
removal. However, resorbable membranes show an
increased tendency to collapse (92–94). For polyester mem-
branes, inflammatory tissue responses have also been
reported following membrane degradation (83, 94, 95, 122).

Several clinical and experimental studies have proven that
bone regenerated with the GBR technique reacts to implant
placement like pristine bone, and this bone is load-bearing
over the evaluated periods (81, 96–98).

Use of titanium mesh

Titanium mesh has been used for ridge augmentation pro-
cedures because of its enhanced mechanical properties
(99–101). However, titanium mesh has no barrier effect and
neighboring soft tissues grow through it. Therefore, some
authors have combined titanium mesh with barrier mem-
branes (102). Because the mesh is rigid it must be perfectly
adapted to the bone contour and must be secured with small
fixation screws to prevent mucosal perforations (103). A
second surgical procedure is also necessary for mesh
removal. Since handling and application of a titanium mesh
is a rather technique-sensitive procedure, it has not gained
wide acceptance. However, recent clinical studies have
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pointed to the benefit of using a titanium mesh for vertical
alveolar ridge augmentation (104, 105).

Bone splitting

The crest of an edentulous ridge is expanded by splitting the
two cortical plates. This technique is most often combined
with immediate implant placement which reduces treatment
time (106–109). Since no blockgrafts are used the need for
a second surgical site is eliminated.

GBR technique: simultaneous approach
(Fig. 28.15)

Provided the clinical and radiographic site analyses have
shown that a simultaneous approach is feasible, the patient
is scheduled for implant placement with concomitant ridge
augmentation. Following local anesthesia a crestal incision
(in esthetic sites, the incision is moved to the palatal aspect
of the crest) is made with intrasulcular incisons on facial and
lingual aspects of the adjacent teeth. Two vestibular diver-
gent release incisons are placed at the line angle of adjacent
teeth. Full mucoperiosteal flaps are raised on the facial and
lingual aspects and are retracted with retraction sutures. All
remaining soft tissues are thoroughly cleaned off and the
crest is slightly scalloped with a large round bur.

The implant bed is prepared according to the implant
surgery protocol. Correct three-dimensional implant place-
ment is essential for prosthetic (and esthetic) tooth restora-
tion (78, 110). In esthetic sites, the implant shoulder should
be placed 1–2 mm below the cemento-enamel junction
(CEJ) of the adjacent teeth with respect to vertical implant
position. In the horizontal direction, the implant shoulder
should be located slightly inside the CEJ of the adjacent
teeth. Both measures are important to ensure an optimal
emergence profile of the implant restoration. An appropri-
ate closure screw is placed on top of the implant.

The bone adjacent to the area to be augmented is perfo-
rated with a small round bur for bone marrow penetration.
The exposed implant surface is covered with bone chips har-
vested from nearby cortical bone surfaces using bone scrap-
ers or bone chisels. A layer of anorganic bovine bone mineral
(ABBM) particles which have been soaked in blood is
applied above the autogenous bone particles for recontour-
ing and protection of the augmentation area. A collagen
membrane is trimmed to the appropriate size and is placed
to fully cover the augmentation material. The membrane is
soaked in blood for tight adaptation but it is not secured
with screws or tacks. A second membrane is positioned to
form a double layer to enhance barrier function.

Following a periosteal release incision, the flap is reposi-
tioned in a coronal direction and primary wound closure is
accomplished with single interrupted sutures. No tension
should be exerted on the wound margins. In non-esthetic
sites or in fenestration-type defects, transgingival or semi-
submerged implant healing is possible. Any removable pro-
visional prosthesis must be adapted to avoid pressure to the
augmented tissues. Sutures are removed within 7–10 days.

For the same period, chemical plaque control is instituted
with chlorhexidine-digluconate 0.1–0.2%. Perioperative,
short-term antibiotic prophylaxis is recommended for up to
3 days post-closure.

After a healing period of 8–12 weeks the submerged
implant is uncovered with a punch incision, and a transgin-
gival healing cap is placed for peri-implant soft tissue
healing. The provisional or definitive restoration is fabri-
cated within 1–3 weeks.

GBR technique: staged approach 
(Fig. 28.16)

In sites with severe bone deficiencies, where implant place-
ment and implant stability are compromised, a staged
approach should be chosen. A thorough clinical and radi-
ographic examination (including cross-sectional imaging) is
mandatory to analyze both the augmentation and possible
harvest sites. Since staged horizontal augmentation requires
larger volumes of bone grafts, donor sites for bone blocks
must be evaluated before surgery. Potential intraoral donor
sites for block grafts include the retromolar area and the
symphysis (111–114).

This surgical technique often involves a second surgical
site with prolonged surgical time. Therefore, patients are
normally given a sedative premedication, but surgeries are
still performed under local anesthesia. The site to be aug-
mented is prepared with similar incisions as those utilized
in the simultaneous procedure. Full mucoperiosteal flaps are
raised again on both aspects of the deficient alveolar ridge.
The bony surfaces are cleaned with a large round bur in
counter clockwise rotation. The cortex is perforated with a
small drill for early blood supply from the bone marrow. It
has been shown that this procedure enhances fusion and
integration of the block grafts (115). The dimensions of the
defect are measured with a calliper or probe and a corre-
sponding block graft is harvested in the retromolar area or
in the symphysis. The block graft is adapted to the recipient
site for horizontal augmentation, and it is fixated with one
or two fixation screws (diameter 1.5 mm) to the residual
bone wall. The screws should glide in the block graft and
only engage the host bone (lag screw principle).

Following block graft fixation, any sharp corners or edges
are smoothed. Voids around the block graft are filled with
additional bone chips. ABBM particles that have been
soaked in blood are placed in a thin layer over the block graft
to prevent surface resorption. In order to avoid displacement
of the particles, a collagen membrane is adapted to cover the
entire augmentation site. A second layer of collagen mem-
brane is positioned to enhance barrier function and mem-
brane stability. Membranes are not secured per se with
screws or tacks, but soaking with blood or saline is recom-
mended for membrane adaptation. Following a periosteal
release incision ensuring full flap mobilization, the flap is
coronally repositioned and the incision is reapproximated
with single interrupted sutures.

In distal extension situations, the patient should refrain
from wearing a provisional prosthesis, whereas for esthetics,
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Fig. 28.15 GBR technique: simul-
taneous approach
Maxillary left central incisor shows
external root resorption (replacement
resorption) following crown fracture
and avulsion at the age of 14 years.
The ankylotic left incisor presents with
a gingival step of 2mm and an incisal
step of 1mm. It was decided to remove
the incisor and to keep the right central
incisor.

Mucoperiosteal flaps
Full mucoperiosteal flaps are raised on
facial and palatal aspects. The bone
height is good. The occlusal view
clearly shows the horizontal bone 
deficiency.

Placing the implant
An ITI implant is placed with the
implant shoulder slightly below the
CEJ of the adjacent teeth. The bony
deficiency on the facial aspect of the
implant is visible.

Placing a gingival graft
Following removal of the incisor, a free
gingival connective tissue graft from
the palate was placed to optimize the
width of the keratinized tissues. There
is only a slight concavity on the facial
aspect of the alveolar crest.

Placing bon chips and ABBM 
particles
Bone chips harvested from the nearby
cortical bone surfaces are used to
cover the exposed implant surface. The
site is also augmented with ABBM 
particles.
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the prosthesis must be carefully adapted to avoid pressure
by the pontic or flange onto the augmentation site. Sutures
are removed after 10–14 days, and patients are instructed to
rinse with chlorhexidine-digluconate 0.1–0.2% twice daily.
Perioperative antibiotic coverage should be given for 6 days
after the procedure.

After a healing period of 5–6 months the augmentation
site is reentered using a similar incision and flap technique.
The bone block fixation screws are located and removed.
Implant placement is now performed according to the stan-
dard implant surgical protocol.

Rationale for the described techniques

Both presented simultaneous and staged augmentation
techniques use three distinctive surgical steps, and materials
respectively: placement of autogenous bone, application of
ABBM particles, and use of a collagen membrane.

Autogenous bone is considered as the gold standard for
ridge augmentation in implant dentistry. However, non-
protected bone grafts can undergo severe surface resorption
with a compromised treatment outcome (76–77). Experi-
mental and clinical studies have shown, that membrane pro-

tection of grafted bone ensures volume stability and graft
integration (90, 116–117). In particular in the aesthetic
zone, contour preservation is of highest importance to
warrant the aesthetic outcome following implant placement.

With the emergence of non-resorbable barrier mem-
branes which are liable to degradation or resorption within
weeks (92, 118–119), the protection of grafted bone is only
assured for a limited period. Thereafter, the bone grafts may
undergo surface resorption comparable to non-protected
grafts. One option to circumvent this problem is to cover the
bone graft with a slow or non-resorbable material, such as
hydroxyapatite. Anorganic bovine bone mineral has been
shown to fulfil these criteria. Once inserted in host tissue,
this bone substitute is not resorbed following bony integra-
tion (84, 91, 120–121). When located at the periphery of
bone defects, ABBM particles are embedded in fibrous tissue
with very slow resorption if at all (91, 99). Therefore, the
rationale of covering bone grafts with ABBM particles in
augmentation sites is twofold: 1) to maintain the contour of
the augmented site, and 2) to protect the bone grafts from
surface resorption.

The use of a collagen membrane in a double layer tech-
nique assures that the applied filler particles are not dis-
lodged until they have become encapsulated with fibrous
connective tissue.

Placing a collagen membrane
The occlusal view demonstrates that
the facial contour has been over-cor-
rected. A collagen membrane is
adapted to fully cover the implant and
augmentation site.

Flap repositioning
Following periosteal release, the flap is
repositioned in a coronal direction and
primary wound closure is accom-
plished with multiple interrupted
sutures. Eight weeks later, the implant
is uncovered and a larger healing cap
is placed.

Final restoration
The final clinical view shows good
esthetics and harmonious gingival con-
tours. The radiograph demonstrates
optimal crown-implant position with
healthy peri-implant bone structures.
Endodontic revision has been per-
formed on the right central incisor.
(Prosthetic work by Dr H. Müller,
Neuenkirch/Switzerland.)
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Fig. 28.16 GBR technique: staged
approach
This 40-year old female patient pres-
ents with a single tooth gap. The
occlusal view depicts a marked depres-
sion of the facial bone contour.

Alveolar bone condition
The bone height of the alveolar ridge
is intact. The bone width along two
thirds of the bone height is noticeably
reduced.

Harvesting a bone graft
A rectangular block graft is harvested
from the symphysis. The block graft is
fixed in a vertical position using two
lag screws.

Application of bone graft and
anorganic particles
Subsequently, the blockgraft is covered
with anorganic bone particles (Bio-
Oss®). The occlusal view demonstrates
overcorrection of the facial contour at
the augmentation site.

Application of collagen 
membrane
A collagen membrane is placed to
prevent dislodgement of the graft par-
ticles. Primary and tension-free wound
closure is accomplished following
periosteal release and flap 
repositioning.
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J. Jensen

Vertical augmentation by 
bone transplantation

Traumatic tooth loss usually leads to alveolar resorption of
the alveolar ridge in sagittal and vertical dimension. Aug-
mentation of both hard and soft tissues before implant
therapy is, therefore, an essential part of the reconstructive
procedures (see p. 769).

At the present time, transplantation of autogenous bone
is the golden standard against which all techniques of
osseous reconstruction of the maxillofacial skeleton must be
judged. Bone grafting studies have shown that autogenous

bone produces successful and predictable results (124).
However, bone grafts resorb and may cause failures of
implant treatment. Free bone grafts act mostly as scaffolds
and are thus more osteoconductive than osteoinductive even
though osteogenic activity may have remained in the spon-
gious part of graft (125). The other disadvantage of autoge-
nous grafts is the need for a second surgical site and its
associated morbidity (126). Autogenous grafts can be taken
from the maxillofacial region such as anterior or posterior
mandible, maxillary tuberosity and zygoma or from distant
sites such as iliac crest, tibia and calvarium.

It has been shown that bone grafts taken from the jaws
resorb more slowly than other grafts (127–129). It seems to
be due to the fact that jaw bone has a relatively greater frac-

Condition after 5 months
Five months after ridge augmentation,
healthy soft tissues are present. The
occlusal view now shows a convexity
of the facial aspect in the region.

Re-entry
The bone block shows good integra-
tion into the host tissues. The occlusal
view clearly demonstrates that the
head of the fixation screw rests on the
block graft indicating that no surface
resorption has occurred.

Placing the implant
The implant is placed with its shoulder
slightly inside the CEJ of the adjacent
teeth. Ideal maintenance of the facial
bone contour is obvious. In a vertical
direction the implant shoulder is posi-
tioned slightly below the CEJ of the
adjacent teeth.

Final restoration
Facial view of the final restoration
taken 18 months following implant
placement; a provisional crown was in
situ for 14 months. The periapical radi-
ograph shows ideal implant bone
levels. (Prosthetic work by Dr F. Piatti,
Rüfenacht/Switzerland.)
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tion of cortical bone. This supports the hypothesis that
architectural differences of bone grafts determine long-term
volume maintenance (130). Advantages and disadvantages
of intraoral donor sites are listed in Table 28.2.

One- or two-stage bone grafting and 
implant installation?

Resorption of autogenous onlay bone grafts used for aug-
mentation of severely atrophied alveolar ridges has been a
frequent problem in preprosthetic surgery, with resorption
rates up to 100% within the first 3 years being reported
(131). Therefore, when implants have been placed into onlay
grafts, the loss of marginal bone height is one of the most
important variables to be monitored. Resorption of onlay
grafts that have been used with primary or secondary
implant placement (one- or two-stage surgery), has been
found to be considerably lower than with onlay grafts alone
(132). This has been attributed to a functionally stimulating
effect of the implants (133). The loss of marginal bone
height around these implants has been shown to range
between 1.5 and 5 mm during the first 3 years when per-
formed as a one-stage procedure (134–136).

In the last 10 years results from clinical studies indicate
that two-stage bone grafting and implant installation is
superior to one-stage procedures (137–143).

Increased maturation of the grafted bone before implant
installation when using a two-stage technique may result in
an improved apposition of bone onto the implant surface
compared with the one-stage technique (138, 143). Further-
more, using the two-stage technique may reduce the con-
tinuous amount of crestal bone graft resorption around
implants (138, 140, 143, 144). It also seems to be of impor-
tance that staged surgery permits implant placement that
optimizes prosthodontic alignment without the need to
consider graft fixation or bone remodeling (140, 143). Pos-
sibly the only draw-back of the two-stage procedure com-
pared with the one-stage procedure is the prolonged period
of treatment. The possible advantages and disadvantages of
one- versus two-stage procedures are listed in Table 28.3.

Surgical technique

All bone grafting procedures are performed through a
vestibular incision. Following submucosal infiltration of a

local anesthetic in the anterior labial vestibule and palatal
mucosa adjacent to the atrophied region, a standard, full-
thickness, vestibular mucoperiosteal flap is raised. The
vestibular incision commences approximately 10 mm supe-
rior to the mucogingival junction and is extended horizon-
tally to the distal aspect of the teeth adjacent to the atrophied
region. A periosteal elevator is used to reflect the flap
towards the alveolar crest. Necessary mobility of the soft
tissues is obtained by undermining the attached gingiva
around the necks of the teeth adjacent to the edentulous
region (Fig. 28.17).

Cortico-cancellous bone block grafts corresponding to
the size of the maxillary alveolar defect are obtained from
either the mandibular retromolar or symphyseal region. The
bone graft consists of the buccal cortex and adjacent can-
cellous bone. Before harvesting, the cortical bone is drilled
and countersunk to allow placement of an osteosynthesis
screw for later fixation of the graft to the residual ridge.
Osteotomes are used to free the grafts, and curved chisels are
used to harvest additional cancellous bone. Bone forceps or
an acrylic bur are used to contour the bone graft to fit the
maxillary defect and it is fixed either as an onlay or a saddle
graft with a titanium osteosynthesis screw (Fig. 28.17). Addi-
tional cancellous bone is used to fill any voids. Prior to
suturing the wound, releasing incisions are made in the
periosteum of the flap to achieve a tension-free closure. The
incisions are closed with 5-0 Vicryl interrupted and mattress
sutures. Provisional removable partial dentures are adjusted
to avoid contact with the area. Prophylactic antibiotic treat-
ment (usually penicillin) is initiated at the time of surgery
and continued for 5–7 days postoperatively.

Table 28.2 Advantages and disadvantages of intraoral donor sites.

Parameters Symphysis Ramus/coronoid process Tuberosity

Access good fairly fairly
Cosmetic concern high low low
Graft shape block thinner thinner
Morphology cortico-cancellous cortical cortico-cancellous
Graft size 4–8cc 3–10cc <2cc
Graft resorption minimal minimal more
Pain/edema moderate minimal minimal
Sensitivity changes temporary uncommon uncommon
Dehiscense occasional uncommon uncommon

Table 28.3 Possible advantages and disadvantages of one-stage and
two-stage bone graft and implant reconstruction techniques. ↑ =
increased risk; ↓ = decreased risk.

One-stage Two-stage

Risk of wound dehiscence ↑ ↓
Risk of implant failure ↑ ↓
Difficulty of surgery ↑ ↓
Amount of marginal bone resorption ↑ ↓
Improved alignment of implants ↓ ↑
Increased period of treatment ↓ ↑
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Four months later, the osteosynthesis screws are removed
under local anesthesia using a standard crestal incision and
the implant is installed in the grafted region. After a healing
period of 4 months prosthetics can be performed 
(Fig. 28.17).

In Fig. 28.18 reconstruction of a total maxillary segment
with a bone graft is shown (129).

S.E. Nörholt and O. Schwartz

Vertical augmentation by alveolar
distraction osteogenesis

Reconstruction of the traumatized atrophic alveolus by use
of bone grafting techniques is sometimes compromised by
bone resorption, wound dehiscence or by the amount and
structure of the soft tissues, which can result in lack of
attached gingiva. Bone augmentation by gradual distraction
of the hard and soft tissues is a method that aims at reduc-
ing these problems.

The principles of ossseodistraction were first applied in
orthopedic surgery by Ilizarov 1975 (145) and were applied

in maxillofacial surgery by McCarthy et al. 1992 (146) for
mandibular lengthening, and later used for alveolar process
reconstruction (147–164).

When a traumatic injury in the maxillofacial region leads
to loss of teeth and alveolar bone, the use of distraction
osteogenesis may be indicated to treat a severe deficiency of
the alveolar bone. In such cases reconstruction by other
techniques is often unpredictable, and especially in the ante-
rior maxilla where esthetic demands are highest optimal
position and volume of hard and soft tissues is essential.

The indications for alveolar distraction osteogenesis after
traumatic injuries are mainly in the anterior maxilla and
mandible. The timing of the treatment should allow for
implant installation shortly after consolidation of the re-
constructed bone; that is to say, growth of the jaw must be
complete.

The aim of alveolar distraction osteogenesis is to recon-
struct bone and soft tissue (in particular attached gingiva)
in order to make it possible to install dental implants in an
optimal esthetic position. Therefore, preoperative planning
including radiographs (and in some cases CT scans), dental
casts, prosthetic considerations and a diagnostic wax-up is
necessary to estimate the size and vector of distraction
needed.

A

C

B

D

Fig. 28.17 Reconstruction of alveolar process after loss of 2 central incisors. A. A dentoalveolar trauma to the central incisal region has resulted in alve-
olar atrophy in both vertical and sagittal dimensions. B. Surgical exposure of the alveolar bone ridge through a vestibular incision followed by mobi-
lization of the surrounding soft tissue. C. Bone graft adapted and fixed by an osteosynthesis-screw to the residual ridge as a saddle graft. D. Final
prosthetics.
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The alveolar defect must be assessed according to the ver-
tical and transversal deficiency. In cases with a very thin alve-
olar ridge, bone grafting may be needed before or after
distraction.

When the initial planning has been done the choice of dis-
traction device can be made. There are presently numerous
commercial devices for alveolar distraction on the market
and many custom-made devices have been described. The
choice includes extraosseous or intraosseos; unidirectional
or adjustable, titanium or resorbable materials. Some of the
most commonly used devices have been described in detail
in a comprehensive textbook on this topic published by
Jensen 2002 (154).

Only a limited number of long-term follow-up studies on
alveolar distraction have been published in the literature
and, as it can be seen from Table 28.4, the number of treat-

ments included is often limited. Implant survival rate was
high (90–100%) but esthetic results were not always optimal.
This probably reflects the fact that many of the treatments
reported were early cases and the technology and surgical
techniques were still under development at that time.

There is, however, no doubt that distraction osteogenesis
will continue to be a method of choice for bone recon-
struction. With the correct patient profile and indications it
provides superior esthetic results, in large part due to the
fact that keratinized mucosa is transposed to a coronal posi-
tion, which helps to optimize esthetic appearance.

Surgical technique

Treatment of localized defects can be done under local anes-
thetic, but larger defects should be treated using general

Fig. 28.18 Loss of several teeth
and alveolar ridge reconstructed
by mental bone grafts and
implants
This 18-year-old man suffered avulsion
of most of the right pre-maxilla includ-
ing first premolar, canine, second and
first incisors in a traffic accident. Only
the bony floor of the nasal cavity
remains.

Immediate treatment and later
reconstruction
Due to an associated jaw fracture an
intermaxillary splint was applied. The
alveolar ridge was reconstructed using
bone harvested from the mental region
fixed to residual bone by 4 implants. At
the time of abutment implantation, a
vestobuloplasty with a palatal mucosal
graft was performed to improve lip
contour and width of attached gingiva.

Follow-up 4 years after surgery
The implants have been restored with
porcelain crowns. Note the very limited
resorption of the bone graft. From
JENSEN & SINDET-PEDERSEN (129)
1991.
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anesthetic. Prophylactic antibiotics are administered during
and 5–7 days after surgery.

The technique can be used in adult patients to move an
ankylosed infrapositioned incisor into an occlusal position
(167, 168) (Fig. 28.19). It is also valuable when a whole alve-
olar segment is moved in an occlusal direction (Fig. 28.20).

For the placement of an extraosseous distraction device
(commercial or custom made) a high vestibular incision is
made and the buccal side of the alveolus is exposed. Perios-
teum on the top and lingual aspect of the alveolus is left
attached to bone. The distraction device is placed into the
correct position and the level of osteotomy is marked. The
device is removed and an osteotomy of the transport segment
is made with thin burs, saw and osteotomes. Free mobility of
the transport segment is secured and the distraction device is
repositioned and activated 3–5 mm to ensure it functions.
Before wound closure the device is deactivated.

A temporary prosthesis is used when possible; in some
cases a prosthesis is used to support the distraction rod to
ensure the distraction is being done in the correct direction.
Following a resting period of 5–7 days the patient is
instructed to activate the distraction device 0.5–1.0 mm per
day. The patient is followed closely to ensure problem-free
distraction and for inspection of the wound. The distraction
is complete when the desired level has been obtained
(including 3–4 mm over-correction to compensate for any
relapse). After this the device is left passive for 2 months.

Implant installation can usually be done when the dis-
traction device is removed and, if there has been an over-
correction, contouring of the bone may be needed.
Overcorrection represents an opportunity to make a scal-
loped bone edge which is important for supporting inter-
dental papillas (see p. 771).

J.O. Andreasen

Long-term results

In the past a number of long-term studies of the survival of
single standing implants have been published. However, few

of those contain adequate information to be considered reli-
able for a meta-analysis (165–166) (see also Chapters 26 and
31). Thus, in the latest review of single standing implants
only four studies qualified for such an analysis. Fig. 28.21
illustrates the survival analysis of 459 single standing
implants and covers observations periods of up to 4 years.
It shows 97% implant survival after 4 years and 83% sur-
vival of implant supported crowns, a figure which compares
well with fixed prostodontics (see Chapter 26).

Unfortunately, it is not possible from such an analysis to
differentiate between healing rates for implants inserted for
trauma-related reasons and those inserted due to other
causes, such as tooth aplasia, apical or marginal periodonti-
tis. One cannot assume that these very different situations
would have identical prognoses.

Causes and predictors of failure

Although a multitude of studies have examined the overall
healing and survival rates of implants, few investigations
have analyzed the cause of failures (169, 170, 172). In a
definitive study by Exposito and coworkers (169, 170), it was
found that most failures occur during graft insertion, i.e.
before abutment stage, and such cases can be considered
iatrogenic or host-related (Fig. 28.22). The next most likely
period for implant loss is within the first and second years,
where overload and host-related factors possibly play a role
(169–170). From three to five years and beyond, there are
rather fewer implant losses and those that do occur are likely
related to overload and /or peri-implantitis (Fig. 28.22).

Perusal through the literature reveals that several preop-
erative and operative factors have been identified that are
significantly related to an increased risk of failure (Fig.
28.23). A short description of these factors will be given,
with special consideration of how they relate to dental
trauma patients.

Sex and age
At least for younger ages there is no significant relation
between these two factors and implant survival (176).

Table 28.4 Results of vertical alveolar distraction.

Authors No. of Type of Observation Vertical Esthetic Device Implant
patients device period bony gain result failures survival

(months) (mm)

Chin & Toth (148) 1996 5 Intraosseous (LEAD®) ? 9.6 ? no ?
Hidding et al. (149) 1999 5 ExtraosseousMartin® 12 13.6 (6–15) ? no 100%
Gaggl et al. (151) 2004 35 Intraosseous 12 ? acceptable 2/35 60/62 (97%)
Rachmiel et al. (164) 2001 14 Intraosseous (LEAD®) 16 10.3 (8–13) ? ? 21/22 (95%)
Raghoebar et al. (162) 2002 10 IntraosseousMartin® (6–20) 11.2 6.8 (6–8) acceptable no 9/10 (90%)
Jensen OT et al. (153) 2002 28 Intraosseous (3i) 54 6.5 acceptable 6/28 76/84 (90%)

Orthodontic
Chiapasco et al. 37 Extraosseous 34 9.9 (4–15) acceptable ? 130/138 (94%)

(160, 161) 2004

? not documented.



Fig. 28.19 Treatment of an anky-
losed permanent incisor and
alveolar bone with alveolar dis-
traction
Condition 4 years after trauma. Anky-
losis of right central incisor with severe
vertical infraocclusion and horizontal
malposition.

Surgical procedure
The transport segment is mobilized.

Distraction device
An extraosseous anchored device
(Martin® Track 1) is formed and
applied. The vector of distraction is
adjusted.

The use of a screwdriver 3 times
a day for distraction
0.3 mm for each turn of the screw-
driver, leading to 0.9 mm distraction
per day for 8 days.

Final treatment result
Replacement resorption will, within
several years, lead to replacement of
the root with bone, ideally formed for
replacement by an implant without
bone grafting when the crown is even-
tually lost. In the meantime, the anky-
losed tooth has been esthetically and
functionally satisfactory for years.
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Anatomical region
In a recent literature survey it was found that the latest
studies do not show any significant difference in implant
survival in the maxilla compared to the mandible, or poste-
rior compared to anterior regions (174).

Smoking
In several studies it has been demonstrated that smoking
increases the chance of implant failure. A recent and large
study showed a 3% reduction in the healing rate in smokers
(175) (Fig. 28.23).

General health
Only a few studies have examined this factor. No significant
relationship has been found with regard to ASA-status 1 and
2 (176) (Fig. 28.23).

Diabetes
Several studies have shown that type II diabetes (NIDDM)
has only a very small influence upon implant survival (177)
(Fig. 28.23). Presently no data exist for type I diabetes
(IDDM).

Wound healing capacity
In several studies a clustering effect of implant failures has
been noticed (178, 179). The effect of that could be related
to an IL-1-positive genotype (180) (Fig. 28.23). This factor
possibly works synergistically with smoking (181, 182).

Bone volume and quality
In earlier studies it was found that these two factors have a
very significant influence upon implant survival (183, 184,

Fig. 28.20 Treatment of loss of 4
anterior teeth and alveolar bone
with alveolar distraction and
implants
Condition after trauma. Severe vertical
and horisontal deficiency. Surgical pro-
cedure. The transport segment is mobi-
lized.

Distraction device
An orthodontically anchored custum
made device has been applied. The
vector of distraction is adjustable. The
right image shows the condition after
distraction. The clinical appearance
compared to the atrophy seen on a
plaster model.

Installation of implants and final
prosthetic treatment
Note the optimal bone volume as well
as keratinized gingiva next to the
implant.

Fig. 28.21 Survival of 459 single tooth implants and 240 implant-sup-
ported single-tooth restorations based on a meta-analysis. From
CREUGERS et al. (166) 2000.
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187), but it is remarkable that more recent studies do not 
show a significant difference in graft survival which could
be related to bone volume and quality (179, 185, 186).
This may possibly be related to the optimized surface 
texture of most modern implants (188) or better treatment
indications.

Influence of existing marginal periodontitis
In traumatic injury of young individuals marginal peri-

odontitis is rare. The latest research shows that preexisting
chronic marginal periodontitis only has a very limited effect
on long-term survival of the implant (189, 190). Whereas
survival of implants does not appear to be affected, a higher
risk of peri-implantitis has been found (223) (Fig. 28.23).

Surgeon experience
In several studies this factor has been found to be of only
moderate importance (191) (Fig. 28.23).

Fig. 28.22 Time relation to implant
failure. From ESPOSITO et al. 1998
(169, 170).

Fig. 28.23 Factors related to implant
survival.



Implants in the Anterior Region 789

Submerged and non-submerged
This factor has been examined in a number of studies. In a
recent meta-analysis it was found that non-submerged
implants had a significant higher failure rate (192) (Fig.
28.23).

Immediate or delayed implant insertion
In a recent meta-analysis it was found that immediate or
delayed insertion had no influence upon implant survival
(193).

Immediate or delayed loading
In a few randomized studies on the mandible no significant
influence was found between immediate (2–3 days) or
delayed loading (3–8 months) (194). The amount of
loading has been found to influence implant survival 
both experimentally (195–197) and clinically (198). In a
recent study of implants placed in the anterior region with
and without immediate loading the same healing rate 
was found (199). However, the mean bone level change at
prosthetic seating was significantly higher in loaded 
versus non-loaded implants (200). Furthermore, where
implants were placed immediately into the extraction socket
with immediately loading a 20% risk of implant was found
(201).

Implant dimensions
In several studies it has been found that the length of an
implant is important. An implant length of more than 10
mm has been found to result in fewer implant losses than
shorter implants (179, 202, 214) (Fig. 28.23).

The diameter of the implant has also been found to have
some influence upon implant survival (204). In the lateral
maxillary incisor region and in the mandibular incisor
region a small diameter implant is often required. In a recent
study a narrow diameter implant (3 mm) was compared
with a 3.75 mm implant. A slightly higher failure rate 
was found for the narrower diameter implant (205) (Fig.
28.23).

Types of implants
In a recent review by Cochran no significant difference in
healing was found between six different implant systems
(206) (Fig. 28.23).

Implant surface
The relationship between surface characteristics of implants
(rough or smooth) and implant success is still unclear. In
one meta-analysis study rough surface implants were found
to give significantly better success rates than smooth
implants (206). However, the validity of this study has been
questioned (207, 219, 220).

A recent Cochrane review came to the conclusion that
insufficient data exists at present to relate implant survival
to surface characteristics of the implant. However, implants
with smooth surfaces showed a 20% reduction in the risk 
of being affected by peri-implantitis over a 3-year period
(210).

Implants placed in transplanted bone
In a recent survey of implant success in autotransplantated
bone it was found that if the implant was installed at the
time of bone transplantation this resulted in approximately
a 25% reduction in implant survival (211). However, if the
implant was inserted after healing of the bone transplant no
increase in implant loss was seen compared with transplan-
tation to a normal bone site (211) (Fig. 28.23).

Antibiotics
There is no reliable scientific evidence to recommend or dis-
courage the use of prophylactic antibiotics to prevent com-
plications and failures of dental implants (212) (Fig. 28.23).

Chlorhexidine digluconate rinses
In one study the use 0.12% chlorhexidine rinse periopera-
tively was found to significantly reduce the number of infec-
tion complications (213) (Fig. 28.23).

In conclusion

There are presently very few contraindications for the use of
implants. Risk predictors appear to be smoking and at least
temporary cessation of smoking should be attempted. Pre-
vious implant loss is also a warning sign about potential
healing problems. A recently introduced interleukin test may
be of importance to identify patients with such a problem.
However, this has not yet been verified in larger patient
studies. Proper length and diameter of the implants should
be selected.

Patient satisfaction

In several studies it has been found that 95% or more
patients are very satisfied with the treatment result (1,
216–218).

Essentials

Indications

• Lost teeth
• Teeth with progressive resorption
• Teeth with non-restorable crown-root fractures
• Teeth with non-healed cervical root fractures

Timing of implant insertion in relation to 
jaw growth

Await termination of alveolar growth monitored by:
• Terminated growth in height
• Repeated cephalographs
• Wrist radiographs
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Timing of implant insertion in relation to tooth
loss or extraction

• Immediate
• Delayed (soft tissue coverage, partial bone fill, full bone fill)

Planning of implant insertion

A clinical and radiographic intra-oral and panoramic exam-
ination and/or CT scan should reveal the hard and soft tissue
topography in all three dimensions.

Surgical procedures

No bone atrophy

Standard insertion ensuring correct mesio-distal, oro-facial
and apico-coronal positioning.

Horizontal atrophy

• Bone grafts
• Barrier membranes with autografts and/or bone 

substitutes
• Titanium mesh with autografts
• Bone splitting

Vertical atrophy

• Bone grafts with or without barrier membrane
• Alveolar distraction

Long-term prognosis (Fig. 28.21)

• Four year survival of implant: 97% 
• Four year survival of implant supported crowns: 83% 

Predictors of healing or failures (Fig. 28.23)

• Smoking
• Diabetes
• Wound healing capacity
• Pre-existing marginal periodontitis
• Surgeon experience
• Immediate or delayed loading
• Implant dimensions
• Implants placed in transplanted bone
• Chlorhexidine rinse
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One of the most challenging problems in dental traumatol-
ogy is the choice of treatment for replacement of one or
more maxillary incisors that have been lost as a result of
traumatic injuries. The task is to restore optimal function
and esthetics; the latter effect especially is seldom reached
today.

In order to produce an optimal treatment result, it is fre-
quently necessary to utilize the combined efforts of a mul-
tidisciplinary team of experts, representing orthodontics,
prosthodontics, periodontics, oral surgery and dental tech-
nology. By using the skills of such a team, the beauty and
function of the natural dentition can sometimes be recre-
ated, a fact that can have a significant psychological impact
upon a previous trauma victim (see Chapter 6).

The problem of recreating esthetics and function varies
significantly according to the age of the patient, the trauma
location, and the extent of the traumatic injury. These three
factors will be considered in this chapter. Furthermore, a
minimally invasive porcelain laminate veneer and onlay
technique will be presented, with the main emphasis on
restoring teeth after crown fractures.

Replacement of a missing maxillary
central incisor

Several options are available for the treatment of accidentally
lost maxillary central incisors in children and adults. This is
the most challenging treatment situation in dental trauma-
tology. In the maxillary anterior region there is a maximum
demand for an esthetically satisfactory solution that mimics
the contralateral non-injured incisor.Any flaws in the appear-
ance of the replacement can easily be seen by a comparison of
the anatomy and color of the two adjacent teeth.

The situation generally calls for cooperation among
orthodontist, restorative dentist, endodontist and oral
surgeon. The armamentarium used by these specialists may
include the following techniques:

• Individualized orthodontic extrusion and intrusion to
create optimal alveolar bone and gingival contours (1)

• Localized simple minor surgeries (2)

• Use of ultra-thin porcelain veneers and new hybrid resins
for build-ups on mesially repositioned teeth or trans-
planted premolars (1)

• Vital bleaching of selected teeth (e.g. for canines that have
been moved mesially to the position of the lateral incisors)

• Incisal edge contouring
• Reshaping of mesially repositioned canines by grinding

(3–5)
• Mesio-distal stripping to solve problems with crowding,

interdental gingival recession (‘black triangles’), and tooth
size discrepancies between the maxillary and mandibular
dentition (1, 6).

Basically, there are 4 ways of replacing lost central incisors:

• Orthodontic space closure
• Premolar autotransplantation
• Placement of a single-tooth implant
• Conventional or cantilever bridge-work.

Each of these options will be briefly discussed below.

Orthodontic space closure treatment

The movement of the entire lateral segment mesially with the
lateral incisor replacing the missing central incisor is indi-
cated when there is a concomitant malocclusion that has to be
corrected by orthodontic means. The result of orthodontic
space closure is rarely ideal, but the use of several techniques
adopted from esthetic dentistry, coupled with careful ortho-
dontic treatment,may provide an outcome that approximates
that of a natural dentition (Fig. 29.1) (6–8). This is a biologic
approach with good long-term prognosis (7).

The primary concern in order to obtain a satisfactory
esthetic result with space closure is a good alignment of the
long axis of the lateral incisor (8), and to secure an adequate
width along the gingival margin of the replacement porce-
lain laminate veneer bonded onto the lateral incisor (Fig.
29.1) (7). It is also emphasized that the canine, now placed
in the lateral incisor location, and the first premolar in the
canine position, normally need correction of their anatomy
and axial inclination (torque), and frequently adjustment of

29
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the color. By extruding the canine during the orthodontic
treatment, the gingival margin is moved in an incisal 
direction, and the incisal portion can be ground with
diamond burs to lateral incisor shape (4, 5). Sometimes a
composite resin mesial ‘corner’ is useful to obtain better
lateral incisor morphology. The first premolar should be
intruded to move the gingival margin in an apical direction,
and be built up incisally with a hybrid composite resin  (1)
(Fig. 29.1).

Color differences between canines and incisors may vary.
The canines are usually more yellowish and/or darker than
the incisors, accentuating the contrast between the maxillary
central incisors and the ‘new’ lateral incisors (1). The color
difference can be handled by in-office or at-home vital
bleaching of single teeth (see below).

The crown torque difference between canines and lateral
incisors, and the marked individual variation in crown
torque of maxillary canines, must be taken into account and
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Fig. 29.1 Orthodontic space closure combined with minimally invasive esthetic dentistry to replace maxillary right central incisor after traumatic acci-
dent in 8-year-old boy. Radiographic and clinical appearance is given in A–D. The lateral incisor was moved mesially to the midline with push-coil. Mar-
ginal gingival leveling was made by intrusion of lateral incisor, extrusion of the canine, and intrusion of the first premolar, respectively (E–H). The lateral
incisor was restored to central incisor shape by a porcelain laminate veneer (I, J). The canine was restored to lateral incisor morphology by grinding and
a hybrid composite ‘corner’ mesially. The first premolar was intruded orthodontically and built-up incisally with hybrid composite (J). Note naturally looking
dentition with good occlusal interdigitation and good axial inclinations of all teeth after treatment (K, L). (continues overleaf )
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corrected. In a follow-up study 10 years after orthodontic
treatment of space closure cases where the canines had been
moved mesially to replace the lateral incisors, the most
common mistake was inadequate crown torque of the
mesially relocated canines (5). The lateral incisors normally
have labial crown inclination, whereas the canines most
often have a lingual crown inclination. If the crown torque
of a canine that has been moved mesially is not corrected,
the ‘new’ lateral incisor will not look natural (5, 6).

There is usually a marked tendency for spaces to reopen
in the maxillary anterior region after orthodontic space
closure and conventional retention with removable plates or
splints. For this reason, the retention of space closure cases

must not be taken lightly. We recommend long-term (10
years or more) or even permanent retention with lingually
bonded multistranded wire retainers over 6 teeth, combined
with a removable plate to be used continuously for the first
6 months and then at night (1).

Keys to esthetically optimal treatment

Set-ups

A diagnostic set-up on plaster models can identify the tooth-
size problems and the amount of crown reshaping that will
be needed. It is also advisable to make a pictorial set-up with

G
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K

H

J

L

Fig. 29.1 (cont.)
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the patient smiling and/or speaking (1). This will allow the
clinician to focus on the crucial aspects of the tooth display
– the relationship between teeth, gingiva and lips – and make
it age- and sex-related (9–11). The ‘visual set-up’ procedure
is helpful in planning any intrusion and extrusion of differ-
ent teeth that is needed to obtain normal relationships for
the marginal gingival contours. The central incisors and 
the ‘new’ canine (i.e. first premolar) should have the gingi-
val margins at the same level, with the ‘lateral incisor’
(canine) at a more incisal level (Fig. 29.1), to provide a
natural exposure of the gingiva on smiling. This usually
implies that the canines have to be extruded and the first
premolars be intruded during the orthodontic treatment
(Fig. 29.1A, B, D). Because the canines are thicker buccolin-
gually than the lateral incisors, their extrusion should 
be coupled with moving them labially, increasing their
lingual root torque, and grinding their incisal and lingual
surfaces.

Cosmetic contouring of canines to simulate 
lateral incisors

As demonstrated in 1970 by Tuverson (3), it is possible to
recontour a canine to almost an ideal lateral incisor shape by
grinding with diamond instruments. Iatrogenic effects of
grinding, such as increased sensitivity to hot and cold, and
other pulp and dentin reactions, can be prevented with
careful attention to adequate cooling (4) with abundant
water and air spray, and preparation of smooth and self-
cleansing surfaces (4, 5). When this technique is used, no
harmful pulp or dentin reactions have been observed, even
with extensive grinding and incisal dentin exposure. Gross
recontouring can be done in one session at the start of ortho-
dontic treatment, with the fine tuning delayed until the end
of treatment, if necessary. Since the labial enamel of canines
may be thin in the gingival parts, it may be safer to avoid flat-
tening of the labial surfaces of canines and accept a some-
what more rounded labial shape than what is seen on 
natural lateral incisors. The mesiodistal dimension can 
also be reduced, particularly on the the distal surface, which
may be too convex compared to a lateral incisor. The 
mesial margins can be corrected with composite resin
‘corners’ (1). Mesial and incisal build-ups are relatively easy
to make with one of the new hybrid resin restorative materi-
als. They will effectively conceal the difference in morpho-
logy between first premolars, canines, and lateral incisors
(Fig. 29.1).

With the use of esthetic porcelain laminate veneers, it is
possible to recontour mesially relocated premolars and
canines into, respectively, ‘normal’ canine and lateral incisor
shapes (Figs 29.1 and 29.2). Porcelain veneers on the first 
premolars and canines are more expensive than grinding 
and resin build-ups, but compare favorably with the cost 
of restorations on single-tooth implants or conventional 
composite restorations with their short life-span (see 
Chapter 25).

Surgical crown lengthening

When orthodontic space closure is performed in young
patients, the marginal gingiva around the mesially moved
canine may sometimes become hyperplastic, which can sig-
nificantly reduce its crown length. A simple localized gin-
givectomy to the bottom of the clinical pocket will increase
the crown length. The same procedure can be used on the
first premolar moved into the canine position. As shown in
humans, nearly 50% of the excised tissue will regenerate and
become indistinguishable from normal gingiva (2). This
means, for example, that if the labial probing pocket depth
on the canine is 4 mm, a permanent gain of 2 mm in crown
length can be anticipated. Electrosurgery and diode soft
tissue laser can be used, but are no more effective than using
a scalpel. Even if the excision is extended into the alveolar
mucosa, the coronal part of the regenerated gingiva will still
become keratinized (12). Careful oral hygiene procedures,
using single-tufted brushes, are required for 2 months after
the gingivectomy so that the regenerated gingiva will appear
entirely normal (2).

If a greater crown length increase than 50% of the probing
depth is wanted, a surgical flap must be raised, and bone
recontouring should be made to about 3 mm away from the
desired future gingival margin (13).

Whitening (vital bleaching of the translocated
canine)

The problem of a relocated canine being more yellowish than
the intact lateral incisor can be solved reasonably easy and
predictably with either at-home or in-office vital bleaching
procedures (14–16) (see Chapter 33). It is generally agreed in
esthetic dentistry that yellow discolorations are the easiest to
improve. Nocturnal use of 10% hydrogen peroxide gel in a
tray is a convenient way of bleaching teeth (14). If only one
canine is to be whitened, the bleaching gel is injected only
into the canine reservoir. In-office bleaching with stronger
gel concentrations may sometimes be preferable for single
teeth (15). Recent evidence indicates that the clinical use of
light and/or heat during in-office bleaching does not make
teeth lighter than with bleach alone, once the teeth have rehy-
drated for 2 to 5 days following treatment (16).

Conclusion

Orthodontic space closure with the lateral incisor replacing
the missing central incisor, and mesial movement of the
entire lateral segment, may be a good option for treatment
of patients who have traumatically lost a maxillary central
incisor. This treatment alternative is particularly indicated
when there is a concomitant malocclusion that has to be cor-
rected by orthodontic means. The use of several techniques
adopted from esthetic dentistry, together with careful ortho-
dontic treatment, may provide an outcome that approxi-
mates the looks of a natural dentition (Fig. 29.1G–K). This
biologic approach has a good long-term prognosis, when
bonded lingual retainers are used to maintain the treatment
outcome.
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Fig. 29.2 Autotransplantation of mandibular right second premolar to region in maxilla where both the right lateral and central incisors were lost in
traumatic injury (A, B). The premolar crown was restored initially with composite resin (C). Orthodontic treatment was performed to close all spaces,
upright the teeth, and level the gingival margins (D). Clinical result after orthodontic treatment and three porcelain laminate veneers shows an almost
natural dentition (E–H). Note the change in axial inclinations of the canines and premolars (compare C and F) to broaden the smile. During treatment,
the canine to replace the lateral incisor was extruded, and the first premolar to replace the canine was intruded, in order to level the gingival margins
before the ultrathin porcelain veneers were made.
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Autotransplantation of premolars

Over 40 years ago, Slagsvold and Bjercke (17) developed a
method of transplanting teeth with partly formed roots.
After transplantation, root growth continues, and the teeth
maintain their capacity for functional adaptation, and
endodontic treatment is usually not necessary. Since then, a
series of investigations have supported these findings (see
Chapter 27). With regard to graft selection, mandibular pre-
molars appear to be optimal for transplantation to the max-
illary incisor region (Figs 29.2 and 29.3) (see Chapter 27).
The optimal time for autotransplantation of premolars to
the maxillary anterior region is when the root development
has reached two-thirds to three-quarters of the final root
length. The prognosis for complete periodontal healing at
this stage of root development is better than 90% (17, 18).
Patients suited for autotransplantation of premolars to the
maxillary anterior region are about 9 to 12 years of age,
which corresponds with the period when most serious trau-
matic injuries occur in children. It is remarkable that tooth
transplants have inherent potential for bone induction (6,
17) and reestablishment of a normal alveolar process (Figs
29.2 and 29.3).

Long-term survival and success rates

The long term outcome of tooth transplantation, including
gingival and periodontal conditions, was examined in a
recent study from the University of Oslo (19). Patient’s atti-
tudes about treatment and outcome was also evaluated. The
follow-up period for 33 transplanted premolars ranged from
17 to 41 years, with a mean of 26.4 years. Both the survival
(teeth still present at the examination) and success (teeth
fulfilling defined success criteria) rates were high – 90% and
79%, respectively. The patients generally responded favor-
ably regarding their perception of the treatment. The study
showed that autotransplantation of teeth with partly formed
roots compares favorably in a long-term perspective with
other treatment modalities for substituting missing teeth.

Orthodontic and restorative treatment for
autotransplanted premolars

Because the root of an autotransplanted premolar continues
to develop and a normal periodontal ligament is established,
such teeth can be moved orthodontically like any other
tooth that has erupted into occlusion (20–22). It is generally
recommended to wait for an observation period of 3–4
months before orthodontic treatment is started. Premolar
crowns can be reshaped to resemble incisor morphology
(Figs 29.2 and 29.3). A direct composite resin build-up can
be performed and later replaced with a porcelain laminate
veneer (PLV) (Fig. 29.2). There are some drawbacks with the
composite resin build-ups because it is difficult to establish
normal incisor width along the gingival margin, and the
build-ups tend to get a triangular crown form (Fig. 29.2C,
D). Furthermore, some composite resins tend to discolor

with time. Both problems can be solved by using thin PLVs
instead (Fig. 29.2E–H). The 2 main reasons to avoid
cemented crowns in children and adolescents – that the large
pulp chambers limit preparation and that the gingival
retraction over time could lead to unesthetic root display –
are not valid for PLVs. The reflection of light will not be
stopped by an enamel-bonded PLV, and any later root expo-
sure will display a normal color and no darkening of the
gingiva (Fig. 29.3M, N).

In a recent study, 45 premolars autotransplanted to the
maxillary incisor region in 40 adolescent patients were eval-
uated, after restoration, with a mean observation period of
4 years (20). Mean age at surgery was 11 years. Clinical cri-
teria assessed tooth mobility, plaque and gingival conditions,
probing pocket depths, and reaction to percussion. The
interproximal gingival papilla fill was assessed according to
an index. Pathosis, pulp obliteration, root length, and
crown-root ratios were studied on standardized radi-
ographs. The result showed that the clinical variables for
transplants did not differ from those of the natural incisors,
except for some increased mobility and more plaque in a few
transplanted premolars (20, 21). The interproximal gingival
papilla adjacent to all transplanted teeth were normal or
slightly hyperplastic, and no interdental gingival recesssion
(black triangles) were seen.

Esthetic outcome and patient satisfaction

A comprehensive study comparing the esthetics of 22 auto-
transplanted premolars reshaped to incisor morphology
with their natural, intact, contralateral incisor was made
(21). Features considered important for esthetics (color, soft
tissue appearance, tooth morphology and position) were
compared. Most of the transplanted teeth matched the con-
tralateral incisor, and most patients were satisfied with the
appearance of the transplant. The distribution in set cate-
gories assessed professionally and by the patient was not sig-
nificantly different. However, the color and the gingival
width of the transplanted tooth were scored as different
from the natural incisor when the restorations were made
with composite resin. Thus, the findings demonstrated that
interdisciplinary treatment planning is important for suc-
cessful esthetic results and that porcelain laminate veneers
rather than composite build-ups should be used for restora-
tion of the crowns (Figs 29.2 and 29.3).

Conclusion

Premolar autotransplantation represents an attractive, and
maybe the best, solution to difficult treatment planning
problems when a maxillary incisor is traumatically lost in
young patients (Fig. 29.2). The transplanted tooth represents
a normal root with normal periodontal membrane, and it
can be moved orthodontically like any other natural tooth.
The ‘abnormal’ crown should be restored with a porcelain
veneer. Transplantation represents a biologic approach in
which the transplanted tooth germ retains the potential to
induce alveolar bone growth.
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Fig. 29.3 Replacement of three lost incisors with two autotransplanted premolars and space closure in the canine region in a 10-year-old boy due to
trauma. Note the loss of horizontal bone in the trauma region (B–D). E–H. Premolar transplantation and restoration. Two mandibular premolars were
transplanted to the central incisor region and later restored with porcelain laminate veneer crowns. The canine was orthodontically moved into the lateral
incisor region and restored in the same way.
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Single-tooth implants

Within the last 2 decades, the use of osseointegrated
implants to replace missing incisors has become a common
treatment solution for patients 20 years of age and older (see
Chapter 28). Experience gained to date with single-tooth
implants is favorable, with survival rates of about 90% after
10 years in multicenter studies. However, filling an anterior
space with an implant-supported porcelain crown is a major
challenge from both the esthetic and functional aspects
(Chapter 28, p. 767). Clinical success depends not only on
persisting osseointegration but also on harmonious integra-
tion of the crown in the dental arch (Fig. 29.4).

Recent studies indicate that the esthetic result for single
implants in the maxillary anterior region is sometimes sub-
optimal (23–26). There are several potential esthetic 

problems associated with the long-term use of implant-
supported crowns.

Age changes in tooth position

An implant is, by definition, ankylosed and cannot change
position, in contrast to the neighboring natural teeth. Occlu-
sion over time is a result of developmental and adaptive
processes in which facial growth, dynamic interrelationships
between aging facial structures, dental eruption, function,
tooth wear and orthodontic relapse can contribute (23).
These processes show much individual variation through-
out life (23, 26–28). Even small tooth movements after
implant placement can cause esthetic problems (25, 26, 28).
Complications like tooth-implant contact displacements
after completed orthodontic treatment can also occur, for
example as a consequence of unwanted tipping of neigh-

Fig. 29.3 (cont.) I–L. Clinical result after 12 years. Note optimal shape of alveolar bone and dental arch form (J, K) (compare with the clinical situa-
tion before restoration, B, D). M, N. Clinical result after 14 years. The gingival recessions that occurred show a natural appearance, since the thin veneers
reflect light like intact teeth. There is no darkening effect along the exposed root surfaces.
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boring teeth after retention (23). A recent study from the
University of Geneva documented clinical infraocclusion of
implant-borne restorations not only in a group of young
adults (15–21 years) but also in most of the patients in a
group of mature adults between 40 and 55 years of age (26).

Gingival recession and dark margins along
porcelain crowns

An implant-supported crown placed in a young adult should
be expected to have a long life. During this time, which might
span 60 or more years, the marginal and interdental gingival

tissue surrounding the implant crown is unlikely to remain
unchanged. Gingival recession might occur due to overzeal-
ous toothbrushing or to periodontal disease in adult and
elderly patients. Gingival recession may result in a darkening
effect along the exposed implant crown.

Lack of gingival papilla fill, probing depths,
and bleeding

The difficulties in obtaining natural marginal gingival con-
tours around implant-supported porcelain crowns is partly a
result of the relationship between implants and the bone and
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Fig. 29.4 Implant-supported porcelain crown used to replace a central incisor. A 24-year-old female patient has, due to trauma, lost a left maxillary
central incisor. A, B. Condition immediately after implant insertion. C, D. Sculpting the gingiva. By the use of a temporary crown the labial and inter-
dental gingivae have been optimally reshaped. E, F. A good esthetic result has been achieved; however, there is a slight reduction in the height of the
distal papilla.
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gingiva surrounding them. The reduction in osseous scallop
from facial to interproximal areas and lack of difference in
gingival heights above bone from facial to interproximal,
compared with those of natural teeth, may lead to a flat gin-
gival form (29). In 2 studies comparing the soft tissue char-
acteristics of implant-supported single-tooth crowns and
their contralateral natural teeth in the esthetic zone of the
maxilla (24, 30), it was demonstrated that most implant
crowns displayed some lack of interdental papilla fill, partic-
ularly on the distal papilla (Fig. 29.4). Such ‘dark triangles’
between teeth are rarely, if ever, observed with orthodontic
space closure treatment (7) or after premolar autotransplan-
tation (20–22, 31). In addition, implant crowns have more
mucositis/gingivitis, increased probing depths, and more
bleeding on probing (24) than natural teeth.

Buccal alveolar bone loss and 
gingival discoloration

In an award-winning 10-year follow-up study by Thilander
et al. (23) of implant-supported crowns replacing maxillary
incisors, some patients showed progressive loss of marginal
bone support at the buccal aspects of the implant. The
ongoing buccal bone resorption resulted in discolored soft
tissue, gingival retraction, or a denuded implant due to vig-
orous toothbrushing. The buccal bone plate in the incisor
region is often very thin. Sometimes resorption can occur
even when the implant had sufficient alveolar bone support
at time of placement (32).

Conclusion

The single-tooth implant may be a useful treatment option
in adults when a maxillary central incisor has been acciden-
tally lost. Implants should normally not be placed until the
skeletal growth is completed. Careful procedures, including
gingival sculpting with the provisional crown are needed to
obtain adequate soft tissue thickness interdentally and labi-
ally (Fig. 29.4E, F). Independent recent studies indicate that
the clinical long-term result for single implants replacing
maxillary incisors is sometimes esthetically suboptimal.
Extended long-term evaluations are needed.

Fixed prosthetics

Although this treatment appears to have reasonably good
long-term success (36), it has several shortcomings related
to the common alveolar process atrophy in the trauma
region. Furthermore, conventional abutment preparation
may compromise the long-term esthetics (see Chapter 26).
Fixed prosthetics appears today not to be an attractive treat-
ment option in young patients.

Replacement of a missing maxillary
lateral incisor

The cause for absence of the maxillary lateral incisor may be
traumatic loss of the tooth or congenital agenesis. This is a

relatively frequent problem. Basically, there are four ways of
replacing missing lateral incisors, namely orthodontic space
closure, insertion of a single implant (directly, or after 
orthodontic space opening), autotransplantation of a devel-
oping premolar, or restoration with conventional or can-
tilever resin-bonded bridge-work. The longevity of these
treatment solutions are described in Chapter 26. In the 
following, esthetic advantages or shortcomings will be
described for these treatments.

Orthodontic closure

When a maxillary canine is moved mesially to substitute for
a missing lateral incisor, and the first premolar is used in
place of the canine, the same esthetic problems occur as
those discussed above for replacement of a missing central
incisor. When careful orthodontic treatment procedures are
combined with clinical techniques adapted from esthetic
dentistry, the outcome with space closure can be very satis-
fying, and almost indistinguishable from a natural dentition
(1, 3). Long-term periodontal and occlusal studies on con-
genitally missing lateral incisors have shown that space
closure with premolar substitution for canines may lead to
an acceptable functional relationship, with modified group
function on the working side (33, 34).

In a recent study, the long-term result (mean 7 years after
treatment) of prosthetic replacement of maxillary lateral
incisors were compared with orthodontic space closure (34).
The space closure patients were more satisfied with the treat-
ment results than the prosthesis patients; there was no dif-
ference between the 2 groups in prevalence of signs and
symptoms of temporomandibular joint (TMJ) dysfunction;
and patients with prosthetic replacement had impaired peri-
odontal health with accumulation of plaque and gingivitis.
It was concluded that orthodontic space closure produced
results that were well accepted by patients, did not impair
TMJ function, and encouraged periodontal health in com-
parison with prosthetic replacement (34).

Implants

Although this treatment solution is at present a popular
option, it represents a considerable challenge from an
esthetic point of view, particularly in the long-term per-
spective. An implant-supported crown placed in a young
adult should have an expected life span of 60 or more years.
It is difficult for dental technicians to make an implant-sup-
ported crown with optimal shade and translucency that
blends perfectly with the neighboring teeth. In our experi-
ence, the color of a canine that has been moved mesially and
vital-bleached (and/or restored with a thin translucent
porcelain laminate veneer) frequently comes closer to that
of adjacent teeth than the color of porcelain crowns on
implants. Even in adults, the esthetic outcome of implant-
supported crowns in the maxillary anterior region may
sometimes lead to esthetic results that are less optimal than
desired (23–26).
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Fig. 29.5 Cantilever fiber rein-
forced composite bridge. Patient
with two existing unesthetic 3-unit
Maryland bridges replacing con-
genitally missing upper laterals (A)
and our substitute at 5 year follow
up; two 2-unit cantilevered fiber
reinforced (Stick Tech) bonded
composite bridges (B). The shallow
cervical preparation is illustrated
by the translucency of the com-
posite (C) as the blue cleaning acid
is kept on the inside of the crown.
The rubber dam placement
exposes the bridge site plus the
contact points of the adjacent
teeth (D). Note also the cervical fit
of the retainer on the prepared
cuspid. The close up of the just
bonded/cemented bridge shows
the temporarily irritated gingiva (E)
in comparison to the excellent gin-
gival conditions, palatally as well
as buccally, at the five year follow
up (F).

Autotransplants

Whereas premolar autotransplantation may represent the
best treatment option for a lost maxillary central incisor in a
young patient, it does not represent a common treatment
choice for replacement of a missing lateral incisor. One of the
reasons is that most premolars would normally be too wide
mesiodistally, an exception being the mandibular first pre-
molars. When selected, therefore, the transplantation gener-
ally is associated with some form of orthodontic treatment.

Resin-bonded cantilever prosthetics

Since most maxillary lateral incisors are small teeth that take
less load than the central incisors in occlusion and function,
the use of recently introduced forms of fiber-reinforced
resin-bonded cantilever prosthetics (35) represents an inter-
esting esthetic treatment alternative for replacement of
missing lateral incisors. Our clinical experience with this
technique in the esthetic zone over the past few years is
promising. Most commonly, we have used the canine as the
abutment tooth, with a cantilever lateral incisor (Fig. 29.5).
Since there are presently no translucent ceramic materials
with adequate strength, we currently use a fiber-reinforced
(Stick Tech®) indirect laboratory composite resin (Sinfony®,

3M ESPE Company) for the 2-unit bridge. Further clinical
studies are needed to evaluate if such cantilever bridges can
be used as a more permanent replacement for missing lateral
incisors, compared with single tooth implants.

Replacement of a canine

Because of the anatomy of the canines (massive crown and
a long root), this tooth is rarely lost due to trauma (see
Chapter 8). As for lost central and lateral incisors, the same
4 treatment solutions exist. In the following the esthetic con-
siderations will be described for canine loss.

Orthodontic closure

In these cases, a first premolar is moved mesially to replace
the missing canine. Because of the shorter clinical crown
length of the first premolar in comparison with the canine
to be replaced (Fig. 29.3M), it is advisable to intrude the pre-
molar and build it up incisally with hybrid composite resin
(Fig. 29.1J) or a porcelain laminate veneer after treatment
(Fig. 29.2E–H). For further details, see Zachrisson (37).
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Autotransplants

Mandibular premolars are very good candidates for trans-
portation to replace maxillary canines, and due to their
anatomy need little crown alteration. Necessary changes can
be performed with either hybrid composite or porcelain
laminates. Concerning the esthetic advantage of using trans-
plants see p. 803.

Implants

The esthetic problem using implants in the canine region is
the same as for lateral incisors. However, the atrophy of the
labial bone with related bluish gingival discoloration due to
the implant is possibly even more marked in the canine loca-
tion, due to the thin gingiva and the frequent gingival reces-
sions often related to mechanical trauma (vigorous tooth
brushing).

Fixed prosthetics

The use of fixed prosthodontics to replace missing canines
presents not only esthetic problems due to the common
alveolar bone atrophy in the region (see Chapter 28), but
also functional problems related to the canine location
which imply a significant stress upon the tooth during 
articulation.

Replacement after loss of multiple
maxillary anterior teeth

Multiple losses of anterior teeth represent a significant
increase in the number of esthetic problems. This is prima-
rily due to the associated alveolar bone loss which may
require both horizontal and vertical bone augmentation (see
Chapter 28). Fortunately, in children the autotransplanta-
tion of developing premolars may induce alveolar bone
growth and thus make it possible to restore the dental arch
form using a combination of autotransplantation and ortho-
dontic space closure after severe accidents with loss of several
maxillary incisors. Fig. 29.4 shows such a case where 3 lost
anterior teeth (2 central incisors and 1 lateral incisor) were
reduced to two by orthodontic treatment, and where the 2
missing central incisors were replaced with autotransplanted
mandibular premolars that received bonded porcelain
veneer crowns. At a follow-up 14 years after treatment, satis-
factory esthetic results are apparent. Despite considerable
retraction of the marginal gingiva, there is no shadowing
effect, and the exposed roots have a light and normal color.

In adults, a significant esthetic problem will occur when
2 implants are placed next to each other. In these instances,
it is generally not possible to create a satisfactory gingival
papilla between the two implants (29, 32), and an esthetic
compromise has to be accepted (see Chapter 28, p. 771). One
treatment principle to reduce this problem may be to

combine orthodontic space closure and a surgical solution
(e.g. implants).

Restoring fractured teeth

Replacement of the tooth structure lost due to trauma pro-
vides both a practical and an ethical problem. How much
more tooth substance can justifiably be removed in order to
optimally restore the anatomy of the injured tooth? By tra-
dition, it has been accepted in dentistry that removal of large
amounts of healthy tissue is acceptable to restore an injured
tooth esthetically and functionally. The main reason for this
acceptance has been that the strength of various types of
available restorations until recently have depended on the
strength of the restoration as such. Consequently, it was nec-
essary to design the remaining tooth substance in such a way
that it favored the strength of the restoration rather than the
strength of the tooth.

The conventional jacket crown preparation is a typical
example, where the concept is to optimize the strength 
and survival of the porcelain crown without giving 
consideration to the biological drawbacks. Consequently,
even after a minor injury, a fractured tooth would end up
with a subgingivally located, circumferentially prepared 
1.2 mm shoulder and a jacket crown as the permanent
restoration. Still, even with these maximally invasive prepa-
rations, the fracture rate of the jacket crowns remained high
(36).

In the late 1950s, the metal-ceramic concept was intro-
duced and allowed fabrication of a crown that was both strong
and esthetic. The metal-ceramic crown replaced the jacket
crown as the permanent restoration for fractured incisors.
However,the invasiveness of the preparation was not reduced.
Therefore, the introduction of acrylic materials and, later,
composite resins that could be bonded to enamel was
welcome, since they made removal of healthy tooth substance
obsolete. Acid etching of enamel became the retentive tool 
for tooth colored restorative materials, allowing a truly 
minimally invasive restorative technique. However, the com-
posite build-ups did not represent a permanent restoration
(see Chapter 25). The initial composite resin materials were
weak, prone to wear, and they discolored extensively with
time.

In 1983, Calamia and Simonsen (38) produced the idea of
bonding thin pieces of porcelain to the labial part of a tooth
– thus the porcelain laminate veneer concept was invented.
By etching enamel with phosphoric acid and the inside of the
porcelain veneer with hydrofluoric acid gel, it became possi-
ble to get enough micromechanical retention for a diluted
composite material to bond to both sides, thus producing a
strong veneered tooth. Later, the diluted composite resin was
replaced with light cured composite cements (39, 40). This
idea was effective, since only minimal reduction of tooth
substance was necessary, and the preparation could thus 
be kept in enamel. Intact enamel provides the most reliable
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substrate for etched porcelain veneer restorations (41, 42).
The porcelain cervically was very thin, so the supragingivally
placed finishing line became virtually invisible.

Today, the original concept has been altered in accordance
with knowledge obtained during past years (39, 40), and the
Toreskog/Myrin concept to be described below represents
ultrathin porcelain laminate veneers/crowns based upon a
minimally invasive procedure, in which proper bonding to
existing enamel is a basis (Figs 29.6 and 29.7) (40). Unfortu-
nately, in some areas of the world the preparations for bonded
veneers/crowns are much too extensive, and are carried far
into dentin (41–44). This will produce problems with reten-
tion of the restoration and potential pulp problems. Leading
experts in the USA claim that preserving existing enamel as
much as possible is a worthy goal (41–44), and therefore, it is
wise to always consider orthodontic treatment prior to tooth
preparation in cosmetic dentistry (43). Even minor move-
ment and derotation of anterior teeth can have a profound
impact on enamel preservation, and the longevity of the
porcelain veneer restorations (43). It is not acceptable treat-
ment to casually prepare teeth in malocclusion for traditional
crown restorations, and refer to them as ‘veneer restorations’,
with no regard whatsoever for enamel preservation 
(41–44).

The Toreskog/Myrin concept

Don’t cut through enamel just out of habit

By staying in enamel we will secure a long-term predictable
bond to etched enamel. Even though dentine bonding works
and should be used as soon as any part of the dentine is
exposed, dentine bonding is still more technique sensitive
and not as predictable in a long-term perspective. Further-
more, by staying in enamel we minimize the risk of pulp irri-
tation during the entire procedure.

Place cervical finishing line supragingivally

This will increase the chance to stay in enamel which has
been shown to be of a positive long-term advantage. There
are contraindications for the supragingival preparation, e.g.
when caries or existing fillings are subgingivally placed. Fur-
thermore, whenever changes of the cervical anatomy are
planned or when the background color is very dark and
should be brightened, the gingival finishing line has to be in
the gingival area or sometimes even placed subgingivally,
e.g. when a lateral has been placed in the central’s position
and should be restored to look like a central.
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Fig. 29.6 Supragingival laminate
veneer preparations on centrals
after fracture of both incisal edges
(A). The apparent opacity of the
veneer during try-in (B) is proven
wrong as one drop of water enters
in between the tooth and the
veneer making the cervical part
locally blend with the color of the
tooth (C). This blending of the
porcelain and the tooth is further
illustrated by the frontal pictures
(D, E) as compared to the picture
of the just bonded/cemented
veneer (F). It is naturally important
to use a translucent composite
cement for this to occur. Note that
veneers are bonded/cemented one
by one and the rubber dam applied
so that immediate contact points
are exposed for perfect seating of
the veneer (E).
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Use rubber dam for maximum control and
expose one preparation at a time plus the
immediate contact point(s). Cement one
restoration at a time

The bonding and cementation procedure is technique sen-
sitive and all efforts should be taken to optimize the cir-
cumstances during bonding. If a less than optimal bond is
achieved the risk of fracture of the brittle restoration is 
critical.

Use the all-etch technique with 35% phosphoric
acid, dentin bonding and a translucent cement

It is virtually impossible to see if dentine is exposed so all
surfaces have to be etched and subsequently dentine
bonding has to be used all the time and on all surfaces.

Essentials

Tooth loss requires a combination of esthetics and 
function. Methodology depends upon age, location and
extent of traumatic injury.

Replacement of a central incisor

• Orthodontic space closure.
• Premolar transplantation.
• Implant.
• Correctional or cantilever bridge work.

Make a very shallow cervical preparation
(0.2–0.4mm in depth)

This will again decrease the risk of exposing dentine during
preparation and thus increase the positive prognosis of the
veneer/crown. It also gives the best possibility of having an
invisible finishing line that does not have to be hidden sub-
gingivally.

The invisibility of the cervical margin comes from the fact
that fairly translucent porcelain and translucent cement is
used in this area letting the background color of the tooth
shine through. As soon as the porcelain becomes thicker it
is impossible to use as much translucency since the porce-
lain then will appear gray.

Let the preparation be carried past existing
proximal fillings

The quality of the bond to existing old composite fillings 
is not as good as that to enamel and dentine and the 
long-term survival of the veneer/crown will be endangered
when the finishing line is in a filling or when too much of
the prepared tooth constitutes the prepared bonding
surface.

Let porcelain cover the incisal edge

This is important for two reasons: to optimize the strength
of the incisal part of the crown and to secure a definite
seating of the restoration during the cementation procedure.
Normally the incisal edge should be shortened 1–1.5 mm
during the preparation. However, if the teeth are going to be
lengthened, which is a very common situation, no reduction
of the incisal edge has to be done.
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Fig. 29.7 Veneer used to restore
a fractured incisor. Patient with old
unaesthetic composite restoration
on fractured upper right central
(A). The supragingival shallow
preparation, all in enamel (except
for the exposed dentine at the frac-
ture site) has been carried into the
approximal areas (B). Note the fit
and the emergence profile of the
veneer as it is tried on the original,
uncut mastermodel (C). The
restored tooth at the one year
follow up demonstrating a good
blend between porcelain and tooth
at the transition zone (D).
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Replacement of a lateral incisor

• Orthodontic closure.
• Premolar transplantation.
• Implant.
• Resin bonded cantilever prosthetics.

Replacement of a canine

• Orthodontic closure.
• Autotransplants.
• Implants.
• Fixed prosthetics.

Replacement after loss of multiple 
anterior teeth

• Combination of orthodontic closure and autotransplants.

Restoring fractured teeth

• Porcelain laminate veneers using Toreskog/Myrin concept
of preparation.

• Don’t cut through enamel.
• Place cervical finishing line supragingivally.
• Make a very shallow cervical preparation.
• Let the preparation be carried past existing proximal fill-

ings.
• Let porcelain cover the incisal edge.
• Use rubber dam, expose on preparation at a time plus the

immediate contact point(s).
• Cement one restoration at a time.
• Use all-etch technique with 35% phosphoric acid, dentin

bonding and a translucent cement.
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Introduction

Traumatic dental and maxillo-facial injuries are very
common and appear worldwide to affect approximately
20–30% of permanent dentition and with often serious psy-
chological, economic, functional and esthetic consequences
for the individual (see Chapters 8 and 9). With such a high
frequency of injuries prevention becomes a primary goal.
Such an approach must take its origin in an identification of
common causes for these injuries and whether such causes
can be avoided or if preventive measures can be used to
reduce the impact of such injuries (Fig. 30.1).

A number of epidemiological studies of traumatic
injuries have examined the etiology of injury (see Chapter
8). However, only a few have offered such a detailed analy-
sis that possible preventive measures can be related to the
cause of injuries (1–3). In Fig. 30.1 a detailed analysis is
shown for etiology of traumatic dental injuries. The various
causes of injuries are related according to the possibility of
using preventive measures to reduce the consequences of
such injuries. It also appears from Fig. 30.1 that sports
injuries for those older than 7 years of age represent about
20% of the trauma population (red columns) and it could
be speculated that this is the most obvious activity where
preventive measures would be possible and effective in
reducing the rate of oral trauma. Traffic accidents appear to
be the next frequent cause (blue columns) and also call for
preventive measures to prevent or reduce the consequences
of these usually severe impacts.

A significant number of oral and dental injuries result
from participation in contact sports such as American foot-
ball, basketball, rugby, soccer, boxing, wrestling or ‘stick
sports’ (Fig. 30.2). However, there is a growing indication
that oral and dental injuries occur as much if not more often
during children’s play or leisure activities (1, 2) (see Chapter
8). For example, in a study by Skaare and Jacobsen from
Norway, in 2003 (2) nearly half (48%) of the 1275 injured
individuals that were reported on in the study were injured
at school. Sports and traffic accidents were less common in

their sample and organized sports accidents represented
only 8% of the total number of injuries, the same as the
number of individuals that were injured by violence. As
importantly, the authors concluded that probably only one-
third of the injuries were preventable.

Precisely the same results were reported by Andreasen in
2001 from a sample of 3655 dental casualty insurance claims
from a major Danish insurance company (3). In this, 7% of
the dental trauma claims were due to organized sports, while
93% were from various, unpreventable causes. In both
studies, the authors felt that it is neither easy to prevent
dental injuries nor to make guidelines on prevention. Based
on this it should be clear that promoting mouthguards and
facial masks is not the only preventive measure that needs
to be taken.

The best prevention of dental and oral injuries is proba-
bly education; both how to avoid injuries as well as how to
manage them at the site of the injury when they occur. This
education should be targeted equally at children, teenagers
and those who are around them when they are at risk of
injuring themselves, e.g. parents, school officials and youth
leaders. It should be the aim of every dentist to discuss risk
factors that could lead to dental or oral injury during routine
dental visits. (See also Chapter 35.) It is important to
remember that this education should be aimed at both sexes
equally. Even though some of the older epidemiological data
indicated that boys were more prone to sustain oral and
dental injury, with increased participation of girls in the
more traditionally male sports, e.g. basketball and soccer, as
well as in leisure activities, e.g. roller-blading and skate-
boarding, that gap seems to be narrowing, at least in some
areas (4).

Special emphasis should placed be on those who are at
high risk, such as those with severe maxillary overjet, as it
has been shown that the odds of dental trauma are signifi-
cantly linearly related to the severity of the overjet (5, 6). It
has even been suggested that a preventive orthodontic treat-
ment should be initiated for these individuals and com-
pleted before the age of 11, i.e. in the early to middle mixed
dentition in an attempt to reduce their risk of trauma (7).
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Another group that should receive special counseling are
those who have already sustained an oral injury, for those
seem to be much more likely to sustain another injury than
those who have not (8, 9). It is of interest that the risk of
sustaining multiple injuries has been reported as 8.4 times
higher when the first trauma episode occurred at 9 years of
age, compared with those occurring at age 12 (9). Therefore,
young children should receive special attention. Their activ-
ities, games and sporting involvement should be carefully
assessed; and any risk behavior should be discussed with
them as well as with their parents or those who care for
them. A typical example is the recent popularity of basket-
ball hoops that can be lowered from standard height, so that
10- to 12-year-olds can ‘slamdunk’ or place the ball in the
net by jumping up and hanging on the net ring that holds
the net after letting go of the ball. Because their arms are
short at that age, their maxillary incisors are often at the level
with the basket net. This scenario has now been reported to

result in an increase in severe dental trauma, where multi-
ple teeth are frequently avulsed (10).

All children should also be made aware of correct first aid
when an injury does occur. Things like replanting avulsed
teeth immediately if at all possible or alternatively storing
them in milk, looking for all fragments of a broken tooth
crown before running home or after help, should be dis-
cussed with them in clear, simple language. Posters like the
one that the International Association of Dental Traumatol-
ogy (IADT) and others have sponsored (Fig. 30.3) are likely
to gain the attention of young individuals; and if widely dis-
played they should also reinforce their knowledge. (See also
Chapter 35.)

Not only should young ones be educated about dental
trauma but also those who care for them, especially those
who are responsible for their safety during school and
organized activities. A simple instruction sheet, like that in
Table 30.1, is in many cases more than sufficient to ensure

Fig. 30.1 Injury environment for oral and non-oral injuries at various ages. An epidemiological study on injuries during one year in a Swedish county.
From PETERSON et al. (1) 1997.

Fig. 30.2 Dental injuries related to
various sports, based on insurance
records, which are precise documenta-
tion of dental and other injuries in
Norway. From NYSETHER (85) 1987.



Fig. 30.3 Poster co-sponsored by
several national dental organizations
and the International Association of
Dental Traumatology.

Table 30.1 Suggested review chart for athletic trainers or those who are responsible for children and teenagers in play.

Term Type of injury Immediate treatment Refer to a dentist

Uncomplicated crown Portion of the tooth broken, no bleeding None Within 48 hours, especially if the patient
fracture from the fracture has difficulty due to cold sensitivity

Complicated crown Portion of the tooth broken and bleeding None, do not place any As soon as logistically possible – could wait
fracture from the fracture medication on the 48 hours, if the patient can tolerate cold

bleeding pulp, stop and eat
the bleeding with
sterile cotton gauge

Root fracture Tooth might appear in normal position None As soon as possible
but bleeding from the gum around 
the tooth. The crown of the tooth 
might be pushed back or loose

Concussion and Tooth still in its normal place and None Within 48 hours, for evaluation only
subluxation firm or slightly loose

Luxation Tooth very loose and/or has moved Only move the tooth As soon as possible, especially if it is not
from its normal position back to normal place possible to reposition the tooth to its 

if easy to move normal position

Avulsion Tooth completely out of the mouth Replace the tooth in Immediately; it is extremely important
its hole, if not possible for prognosis of the tooth to be treated
then store the tooth immediately
in milk or saline
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that those who are injured receive proper emergency care at
the site of the injury. When educating non-dentally trained
persons it is important to remember to avoid complicated
language. Table 30.1 shows a suggested communication
form that is based on the recommendations of the IADT.
Its language is clear; and it explains simply what to do and 
not to do immediately, as well as how urgent dental 
consultation is.

Means to prevent dental 
maxillofacial injuries

The nature of a trauma implies acute delivery energy
released upon soft and hard tissues and resulting in lacera-
tion, contusion or ablation of tissue. A protective device to
reduce the consequences of such traumas can be devices
which prevent the impact from getting in contact with the
oral region or a cushioning device which absorbs and/or dis-
tributes the impact forces (mouthguards) (Fig. 30.4). Finally,
restraining devices such as safety belts may absorb a signif-
icant part of the energy from the impact and thereby reduce
the chance of the impact becoming delivered to the oral and
maxillofacial region.

Not appearing in Fig. 30.1 is traumatic dental injuries
occurring during oral endoscope and orotracheal intuba-
tions. By using preventive measures these injuries can be sig-
nificantly reduced and these procedures will be described
(see p. 829).

In the following a description will be given of possible
ways to prevent dental and maxillofacial injuries in relation
to various sports and traffic activities.

Appliances to prevent dental injuries

During sports and other activities, where there is a risk of
falling or being hit by an object, wearing a faceguard and/or
mouthguard still seems to be the only way to prevent or at
least significantly reduce the seriousness of dental injuries.

It has been reported that prior to the mandate of wearing
face- and mouthguards in US high school football, facial and
oral injuries constituted up to 50% of all reported football
injuries (11, 12). Subsequent to that mandate a significant
decrease was noted in reported injuries, down to a small per-
centage (11, 13).

Another common mechanism of oral injury is traffic acci-
dents. Wearing seatbelts in a car, and when riding a motor-
cycle using a helmet with a chin arch, is in many places
mandatory. The most commonly used bicycling helmets do
provide very good protection against head injuries as shown
in Victoria, Australia, when one year after mandatory helmet
protection was introduced there was a 48% reduction of
reported head injuries for bicyclists (14). Unfortunately
these same helmets do not offer mouth or dental 
protection.

Faceguards

Faceguards are usually a prefabricated cage of metal or com-
posite that is attached to a helmet or a head strap (Fig. 30.5).
Recently guards made out of clear polycarbonate plastic
have become available, either as prefabricated or custom
made. It would appear that these faceguards provide good
protection to the face and the teeth, but are not applicable
to all activities; and in many cases do not protect the teeth
if the individual is hit under the chin.

Very few large-scale studies have been conducted on the
actual benefits of wearing faceguards in games or practice;
but it is clear that the introduction of mandatory helmet and
facial protection has been effective in virtually eliminating
ocular, facial and dental injuries in juvenile hockey (15).
However, an unforeseen problem has been reported for the
same groups of youths: while the number of head injuries
has been reduced, an increase in catastrophic spinal injuries
has been noted. It has been speculated that players get a false
sense of security when donning the equipment, leading
them to take excessive and unwarranted risks due to the pro-
tection they are supposedly afforded (15).

One of the few intervention studies on the effectiveness
of faceguards was performed by Danis et al. (16) on a group
of youth league baseball teams in the USA. Approximately

Fig. 30.4 Mechanisms of mouth-
guard and facemask protection. The
protection varies depending on the
energy and direction of the impact. The
full facemask protects the face and
teeth from direct hits and the mouth-
guard protects the teeth from frontal
impacts by distributing the forces over
a greater area and from an impact on
the base of the mandible by the cush-
ioning effect between the maxilla and
mandible.
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one-half of the teams were supplied with guard helmets
(intervention); all others used this protection at their dis-
cretion (comparison). They found that the intervention
teams reported a significant reduction in the incidence of
oculofacial injuries compared to comparison team respon-
dents (p = 0.04).

Half facemasks have been popular in hockey, as it has been
speculated that a full face shield may increase the risk of con-
cussions and neck injuries, offsetting the benefits of protec-
tion from dental, facial and ocular injuries. In a recent study,
it was found that the use of full face shields is associated with
a significantly reduced risk of sustaining facial and dental
injuries without an increase in the risk of neck injuries, con-
cussions or other injuries (17).

With the emergence of many new fiber-composites,
custom fabricated faceguards will become more available
and affordable. Studies confirming their benefits must be
conducted.

Mouthguards

Mouthguards have existed for well over a century. Accord-
ing to Reed (18) they were originally designed and fabricated
in the late 19th century by a London dentist, Woolf Krause.
They were initially made from gutta-percha and their main
purpose was to protect boxers from lip lacerations and other
soft tissue injuries. Philip Krause, son of W. Krause, a dentist
as well as an amateur boxer, further developed the ‘gum
shield’ to something that approaches what is known today.
He used vella rubber rather than the relatively hard gutta-
percha to create his mouthguards (18, 19).

The use of mouthguards in contact sports has been
reported in the past to reduce the occurrence of dental
injuries to over 90% (20–23). Since rules regarding the 
use of headgear and mouthguards in high school football
were established in the 1960s, facial and dental injuries 
sustained on the field have dropped by approximately 
48% (13).

Few studies have specifically investigated, prospectively or
in real time, whether athletes who wear mouthguards

sustain significantly fewer dental injuries than those who do
not (24, 25). The first study to do so involved a sample pop-
ulation of 272 high school rugby players. The athletes
received a pre-season clinical examination by a team of den-
tists and completed a questionnaire. Mouthguards were
fitted one week later and the players were instructed in their
use. At the end of the season, a follow-up questionnaire was
completed. There was a significant difference in the number
of tooth fractures between mouthguard wearers and non-
mouthguard wearers (24). The second study, which evalu-
ated US male college basketball players (age 18–22),
collected ‘real time’ data (25). Trainers reported information
about their teams on a weekly basis using an interactive
website. The results of this study are likely to be significant,
as it captured 70 936 athlete exposures (an athletic exposure
is a one athlete participating in a game or practice, whether
it was one play, one quarter, one half or the entire game).
The study found that mouthguard users had significantly
lower rates of dental injuries and dentist referrals than non-
users. However, there was no significant difference between
mouthguard users and non-users in the rate of soft tissue
injuries. Of note, this study reported significantly more
oral/dental injuries than that reported by the NCAA for the
same season (25) (Table 30.2).

Not all studies have demonstrated a beneficial effect of
mouthguards. In a cross-sectional study, a sample of 321
university rugby players participating on 555 player occa-
sions was examined (26). The results of that study indicated
no statistically significant association between oral, dental
and lip injuries sustained during rugby playing with the use
or non-use of mouthguards. This study, like most mouth-
guard studies, irrespective of whether they demonstrated a
beneficial effect or not, is relatively small and therefore it is
likely that it did not have enough statistical power. More
large-scale studies are therefore needed.

Function of mouthguards

The four main suggested functions of a mouthguard are
(27):

A B C

Fig. 30.5 A. A typical cage-like face mask as worn by American football players. It provides good protection to the face and mouth but even with this
extended type there is minimal protection from a blow under the chin. (Note the athlete is not wearing the mandatory chinstrap.) B. Full face masks are
used in the junior level of ice hockey and they have been found effective in protecting the player from orofacial injuries. C. With a face mask, an injury
like this could easily be avoided.
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(1) Preventing tooth injuries by absorbing and deflecting
blows to the teeth

(2) Shielding the lips, tongue and gingival tissues from lac-
eration

(3) Preventing opposing teeth from coming into violent
contact

(4) Providing the mandible with resilient support, which
absorbs an impact that might fracture the unsupported
angle or condyle of the mandible.

Various materials and methods have been used to achieve
these basic functions, as many test protocols and devices
tried to investigate them and confirm the effectiveness. The
main problem with testing these suggested functions are that
there is no in vivo model ethically possible and in vitro
models are at best crude approximations. To further com-
plicate matters, large prospective cohort studies are very dif-
ficult to conduct, and to some degree are unethical as well,
because of the need for crossover or control groups. One
very interesting attempt to circumvent some of these prob-
lems was a study by Johnston and Messer (28), where they
used mandibular sheep segments with incisors at four devel-
opmental stages. Customised pressure formed mouthguards
were made for each mandibular segment and then trauma
was inflicted with a servohydraulic materials testing
machine. Injuries were examined clinically, radiographically
and by dissection. The magnitude of lateral luxation meas-
urements of individual teeth was reduced significantly by
mouthguard protection in both deciduous and permanent
dentitions. Fourteen- to 24-fold greater forces were required
to cause an injury in the sheep mandibular dentition
covered with a custom made mouthguard compared with
dentition without mouthguard coverage. Of interest was
their finding that the mouthguard tended to increase the
mobility of the teeth it encompassed and, in some instances,
promoted dentoalveolar injury of adjacent teeth.

Other studies have used the upper central incisors in a dry
human skull that were excited by an electrodynamic shaker
(29), or a simulated maxilla, constructed of polymethyl-
methacrylate, containing replaceable resin teeth where a
steel ram was dropped on the maxillary incisor region.
Changes in voltage, which were induced by a strain gauge at
the back of the upper left incisor, were the measure of pro-
tection (30), or measuring the cushioning effect of the mate-
rial directly, as by deflection caused by impact forces induced
by a pendulum ram impact testing machine (31). The main
concern with all these approaches it that it is not clear if they
translate into true protection of the dentition and alveolus
in humans.

In recent studies from a Japanese group an attempt was
made to investigate real objects (steel balls, baseball, softball,
ice hockey puck, cricket ball, wooden baseball bat) that
could hit mouthguard and teeth during an athletic event
rather than just a steel drop-ball that has been frequently
used in studies on mouthguards (32). Their studies indi-
cated that transmitted forces were less when a standard
single layer mouthguard was used compared to no mouth-
guard, but as importantly they demonstrated that the effect
was significantly influenced by the object type that hit the
teeth. The steel ball showed the biggest (62.1%) absorption
ability while the wooden ball showed the second biggest
(38.3%). Other objects, baseball, field hockey ball and
hockey puck, showed 0.6–6.0% absorbency. These results
show that it is important to test the effectiveness of
mouthguards on specific types of sports equipment rather
than using some standard experimental equipment that
might not give a realistic outcome. This group also investi-
gated different sensors in a follow-up paper (33) and 
found that the sensor plays an important role in the meas-
urement values reported for absorbency of mouthguard
materials; they concluded that a standard sensor should be
used for all experiments. It is therefore clear that further
studies are warranted in standardizing this kind of test so
that effectiveness of mouthguards can be compared with
confidence.

How the mouthguard is able to achieve these suggested
protective functions is not quite clear. Many studies have
placed an emphasis on investigating the energy absorption of
different materials with the idea in mind that the higher the
absorption, the better protection the mouthguard provides.
It has been shown that the physical and mechanical proper-
ties vary with their chemical composition and this itself
varies with different brands of the same material (see later in
this chapter). The resilience of PVAc-PE materials appears to
vary inversely with the magnitude of the impact energy at
which they are tested. A number of factors may be responsi-
ble for this variation including the degree of crosslinking
between polymer chains, the proportion of plasticizer
present and the volume of filler particles. It has been sug-
gested that laminated thermoplastic mouthguards are
dimensionally more stable in use (34). Again the clinical 
significance of these variations has not been determined; but
it has been suggested that high energy absorption does not
necessarily indicate that the material will give maximum
protection, since some of the absorbed energy may be 
transmitted directly to the underlying dental structures 
(35). Research elucidating if this is the case is very much
needed.

Table 30.2 Injury rate difference between mouthguard wearers and non-wearers for male college
basketball players in a large real-time study including dental injuries. From LABELLA et al. (25) 2002.

Injury rate per Brain Mouth injuries Dental injuries Dental referrals
100 players concussion (fract/lux/avuls)

Mouthguard 6.2% 13.0% 0.6% 1.6%
No mouthguard 6.1% 14.2% 2.0% 5.8%

NS NS P < 0.03 P < 0.02

(fract/lux/avuls) = fractures, luxations, avulsions.
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A fifth suggested function of the mouthguard has been
that it prevents neck and cerebral brain injuries. Through
the years there has been a great deal of discussion in the lit-
erature that the mouthguard prevents cerebral concussion
in athletes (36–38). However, most of these papers have only
been case reports or opinions, not based on controlled sci-
entific studies. The two papers usually cited as a foundation
of this presumed effect were written by Stenger et al. in 1964
(39) and Hickey et al. in 1967 (40).

The first article reported on only five football players who
had a history of head and/or neck injuries. Three players
gave a history of ‘being concussion prone’ and one had pre-
vious neck injuries. The fifth athlete experienced definite
pain with crepitation on the left side when the temporo-
mandibular joint was palpitated and cervical pain extending
halfway down his shoulder. Each athlete wore a custom-
fitted mouthguard when playing football in conjunction
with daily intermaxillary acrylic splint therapy. Each player’s
symptoms were either eliminated or diminished. The author
concluded that the custom-fitted mouthguard provided
protection and relief for patients.

The second paper was a report on an in vitro study, where
series of impact blows were applied to a single cadaver using
an intracranial pressure transducer to measure pressure
changes associated with the blows. The authors of that study
concluded that ‘there was a decided reduction in the ampli-
tude of the intracranial pressure wave when the mouth pro-
tector was in place. Bone deformation was also decreased
moderately when the mouth protectors were in place (40).
However, the correlation between those factors and cerebral
concussion is not at all clear (41). Recently, with more
careful scrutiny of scientific evidence in the literature, this
claim of protectiveness of the mouthguard has been called
into question (19).

Two recent and very large studies using interactive web-
sites to collect weekly information on the incidence of cere-
bral brain concussion in athletes have failed to show any
benefits (25, 42) (Tables 30.2 and 30.3). In the former, a
comparison was made between those who wore a mouth-
guard and those who did not in US college men’s basketball.
Almost 71 000 athletic exposures were reported; there was
no significant difference in the rate of brain concussion
between the groups (25). The second study compared ‘boil

and bite’ versus custom made mouthguards worn by 
American college football players (42). Over 500 000 athletic
exposures were recorded; again, there was no significant 
difference in trauma risk between the two groups (25, 42).
It is important to note that these two studies did not assess
the mechanism of injury, for example blow under the chin
versus fall to the ground. However and unfortunately, these
two studies do not indicate that wearing a mouthguard helps
reduce cerebral brain concussion in any significant way.

Types of mouthguard

Mouthguards can be divided in to three basic types based
on how they are manufactured and used:

• Stock – prefabricated
• Mouth formed
• Custom made.

Some of these basic types have now several sub-groups,
especially the custom made ones.

Stock mouthguards may be made either from rubber or
one of the plastic materials (Fig. 30.6). They are generally
available in two or three sizes, and are supposed to have a

Table 30.3 Athletic exposures and brain concussions reported by 87 USA
NCAA Division I college football teams for the 2001 season. From LaBELLA
et al. (25) 2002.

Total athletic Brain 
exposures (contact concussions
practices and games;
additional 168800 
exposures in 
non-contact
practices excluded)

Custom mouthguard 141165 166 (0.1%)
Boil-and-bite mouthguard 196332 199 (0.1%)

NS Fig. 30.6 Stock mouthguard that is too small for the arch and therefore
will not stay easily in place as it is not comfortable.
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universal fit, sometimes aided by flanges in the molar area.
Modification is limited to trimming the margins to relieve
the frenula. The loose fit means that the wearer must occlude
to prevent the guard from being displaced. The main advan-
tage of this type of mouthguard is that they are inexpensive
and may be purchased by the public in sports shops. Also,
because they do not require any preparation, a replacement
is readily available at any time. Most reports agree (43, 44)
that these types of mouthguard provide the least protection
of all available types due to their poor fit, though admittedly
there is no conclusive scientific data confirming this
opinion. However, it is unquestioned that these mouth-
guards are uncomfortable for the wearers: they tend to
obstruct speech and breathing because the wearer must keep
them in place by either clenching or supporting with the
tongue (45) and therefore are less likely to be worn, and
when needed could be blown out of the mouth prior to
impact with the ground or other obstacles.

There are two types of mouth-formed mouthguards. The
first consists of a hard and fairly rigid outer shell that pro-
vides a smooth, durable surface and a soft, resilient lining
that is adapted to the teeth (Fig. 30.7). The outer shell of
vinyl chloride may be lined with a layer of self-curing
methyl-methacrylate or silicone rubber. The outer shell is
fitted and trimmed, if necessary, around the sulci and frenal
attachments. It is filled with the soft lining and seated in the
mouth. Care must be taken to ensure that it is centrally
placed. The lining is allowed to polymerize for 3–5 minutes.
Excess material is trimmed with a sharp knife and the
margins smoothed with dental stones. This type of mouth-
guard tends to be bulky and the margins of the outer shell
may be sharp unless protected by an adequate thickness of
the lining material. The most commonly used type of
mouth-formed protector is constructed from a preformed
thermoplastic shell of PVAc-PE copolymer or PVC (43) that
is softened in warm water and then molded in the mouth by
the user (Fig. 30.7). These mouthguards have several distinct
advantages over the stock mouthguard. If carefully adapted,
they give a closer fit and are more easily retained than stock
protectors. Care must be taken during the molding process

so that the mouthguard fits accurately. The temperature nec-
essary to allow adequate adaptation to the teeth is fairly
high, so additional care must be taken to prevent burning
the gingiva. Similar to the stock mouthguard, this type of
mouthguard is relatively inexpensive, readily available to the
general public and can be formed into a decent appliance
with some care.

Custom mouthguards are individually made in a labora-
tory, on plaster of Paris models poured from impressions of
the player’s mouth. Many studies have shown that these
mouthguards are more acceptable and comfortable to ath-
letes than the other types (46, 47) There is no evidence,
however, that custom made protectors are more effective in
preventing injuries.

Historically, three groups of materials were used to fabri-
cate custom made mouth protectors: molded velum rubber
(46), latex rubber (48) and resilient acrylic resins. Currently
by far the most common material used for custom made
mouthguards is ethylene vinyl acetate (EVA) copolymers.
Previously polyvinylchloride, soft acrylic resins and
polyurethane were also used; but the superiority of the EVA
copolymers has practically eliminated the others. Its popu-
larity is mainly due to its elastomeric softness and flexibility
so that it can be relatively easily processed. Also, the mate-
rial has good clarity and gloss, barrier properties, low-tem-
perature toughness, stress-crack resistance and little or no
odor (43, 49). Many prefabricated plates of EVA are now
commercially available; but it is important to know that the
percentage of vinyl acetate (often indicated as a percentage)
can vary between manufactures and therefore show differ-
ences in properties. The more vinyl acetate is copolymerised
(higher % marking), the more flexible, stretchable, softer
and tougher is the material (49). This property will also
lower the softening temperature, allowing manipulation of
the material within a comfortable temperature. The most
common material for mouthguards contains 28% vinyl
acetate. It should be remembered that the actual perform-
ance of a mouthguard is just as dependent upon the design,
thickness and manner of impact on the mouth as the base
material used (49).

A B

Fig. 30.7 Boil-and-bite being formed
in the mouth. A. The stock mouthguard
is heated in boiling water for a few
minutes and then inserted in to the
mouth with care. B. The index fingers
should be used to adapt the mouth-
guard as well as possible to the facial
sides of the molars and the thumbs at
the same time press on the palatal
side.
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The EVA mouthguard material can now be bought in
varying color, thickness and hardness. There has been some
discussion about whether there should be different stiffness
or hardness suggested for different sports. Thus, while the
low-stiffness guards absorb shock during hard-object colli-
sions (e.g. baseballs), they may not protect the tooth-bone
during soft-object collisions (e.g. boxing gloves) (50).
To date, clinical studies are lacking to substantiate such 
recommendations.

In 1985 Chaconas et al. (34) described a laminated ther-
moplastic mouthguard that showed significantly less dimen-
sional change than other materials tested (i.e. poly vinyl
acetate-ethylene) copolymer clear thermoplastic and
polyurethane). This was the start of several different sub-
categories within custom fabricated mouthguards.

A few years ago, layered EVA stock plates were introduced
(Fig. 30.8). The idea was to further strengthen the mouth-
guard without losing its protective capacity. When a stock
plate of EVA is fabricated, it is drawn out in one direction
so that the polymer chains are more or less parallel, like the
grain in wood. This can theoretically make a difference in
properties whether the ‘grains’ are running facio-palatally or
mesio-distally on the crown of the tooth. To eliminate this
and increase the stiffness without adding bulk, manufactur-
ers have started to market 2- or 3-layered stock EVA, where
the layers have been added perpendicular to each other.
Some manufactures have even added a low percentage EVA
plate between layers, which is designed to further stiffen the
mouthguard palatally behind the anterior incisors (Figs 30.9
and 30.10). There is not much, if any, scientific proof that

this can increase the protectiveness of the mouthguard and
again is a question of whether a too stiff mouthguard could
not cause other damage to the tooth or alveolus. Some dis-
turbing findings were reported in a recent study (51). It was
found that a hard insert resulted in reduced energy absorp-
tion when compared with a control sheet of the same mate-
rial and approximate thickness but without the hard inserts
(51). The same research group has, however, shown
improved impact characteristics of the EVA mouthguard
material with regulated air inclusions (52). But as yet, there
is no clinical data available to support this, and durability of
air-included mouthguards is unknown.

Another version of this layered concept is the fusion of
two plates of different stiffness. It is important to know that
these only seem to improve the mouthguard when the softer
material is next to the teeth. A study, using a finite element
model, by Kim and Mathieu (35) showed that a soft outer
layer covering a hard core had no significant difference from

Fig. 30.8 Prefabricated double layered mouthguard stock plate. Both
layers are of the same vinyl acetate percentage but the top layer is clear
and the bottom composed of three different colors, for esthetic reasons,
all fused into one mass.

Fig. 30.9 Mouthguard made of prefabricated double layered stock plate
with a further added low percentage EVA plate between layers that is
designed to stiffen the mouthguard on the palatal site of the anterior inci-
sors. When making a mouthguard with these plates care must be taken
to align the insert with the center and on the palatal site of the teeth.

A B

Fig. 30.10 A. When making a boil
and bite mouthguard, it is important to
select a stock that fits the arch that it
is going to be adapted to. B. If too
small it is likely that the molar arch will
not be properly covered and the reten-
tion and fit will be greatly reduced (B).
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a monolayer in stress distribution and impact force.
However, a soft core was found to have a significant effect
on stress distribution. This effect could be increased by con-
trolling ratios of modulus and volume fractions of the core
and outer layer.

The main question regarding these various types of
mouthguard is whether there is any actual protective differ-
ence between them.Very few studies have investigated the effi-
cacy of the different types in preventing dental injuries with
large enough samples to have significant statistical power.

In one study on 98 professional rugby players, custom
made mouthguards did not significantly reduce the amount
of dental injuries sustained as compared to mouth-formed
mouthguards (53). At a follow-up clinical examination,
there was no damage to teeth when either custom made or
boil-and-bite mouthguards were worn.

Stokes et al. compared mouth-formed and custom made
mouthguards (46). They showed that although there were
no dental injuries in either group, the users preferred labo-
ratory-formed mouthguards because of comfort.

In a very large study on college football players, where
their trainers reported every week for the entire season using
an interactive website the number of players, mouthguard
use and dental and oral injuries, there was no apparent dif-
ference between boil-and-bite or custom made mouth-
guards (54). The sample consisted of 87 (76%) out of a
possible 114 Division I teams, with a total of 506 297 ath-
letic exposures recorded (Table 30.4). Most of those teams
had a mixed use of custom and boil-and-bite mouthguards
and thereby there was a possibility that the benefits of one
particular mouthguard would be obscured by these teams.
Therefore the data was further analyzed where a subselec-
tion of fourteen teams was selected. Seven of these used
exclusively custom made mouthguards and the other seven
exclusively boil-and-bite. The results were the same: no sta-
tistically significant benefits of type of one mouthguard over
another (54). It is important to emphasise that in this study
there was no attempt to inspect the quality of the mouth-
guard used or the comfort of one type over the other.

Wear and tear will affect all mouthguards; it has been sug-
gested that they should be replaced regularly, not only due
to lack of fit, but also because of reduction in protective
properties. Recently it has been shown in a simulated aging
study on different types of custom made mouthguards, that

Table 30.4 Athletic exposures and dental injuries reported by 87 USA
NCAA Division I college football teams for the 2001 season. From 
WISNIEWSKY et al. (54) 2007.

Total athletic Dental 
exposures (contact injuries 
practices and (tooth 
games; additional fractures,
168800 exposures luxations 
in non-contact and
practices excluded) avulsions)

Custom mouthguard 141165 13 (0.1%)
Boil-and-bite mouthguard 196332 21 (0.1%)

NS

aging induced various dimensional changes. Most of the
dimensional change for all mouthguards occurred at the
central incisor region. Pressure-laminated mouthguard
specimens showed the lowest range of changes at the central
incisor region, suggesting potentially improved fit, comfort
and protection (55).

Fabrication of custom mouthguards

Organizations, such as the Federation Dentaire Interna-
tional (FDI) have created and published recommended cri-
teria on the construction of an effective mouthguard (56).
Most of these recommendations state the same criteria:

(1) The mouthguard should be made of a resilient material,
which can be easily washed, cleaned and readily disin-
fected.

(2) It should have adequate retention to remain in position
during sporting activity, and allow for a normal occlusal
relationship to give maximum protection.

(3) It should absorb and disperse the energy of a shock by:
• Covering the maxillary dental arch
• Excluding interferences
• Reproducing the occlusal relationship
• Allowing mouth breathing
• Protecting the soft tissues.

Furthermore, the FDI also recommends that mouthguards
be made by dentists from an impression of the athlete’s
teeth.

Mouth-formed mouthguards

Regardless of type, the key for functionality is selection of a
stock that fits the arch. If too small, it is likely that the molars
will not be properly covered, thereby reducing retention and
fit (Fig. 30.10). Once the proper size is found and fitted, the
mouthguard should be made strictly following the manu-
facture’s guidelines or recommendations.

Common pitfalls in making mouth-formed
mouthguards

• Size: Care must be taken to select the appropriate size that
fits over the teeth in the dental arch. The mouthguard
must cover at least one molar tooth on each side.

• Adaptation to the teeth and surrounding tissue: Care must
be taken for optimal adaptation to the teeth and gums.

• Trimming of the mouthguard: After forming the mouth-
guard it should be carefully trimmed so that unnecessary
excess is removed, without compromising the retention or
strength.

Custom mouthguards

The best way to construct a custom mouthguard is to take
alginate impressions of both arches together with a wax bite
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taken with the patient’s mandible in a physiological rest
position. However, when time and cost is a major issue,
impression of the maxilla can be considered sufficient. It is
very important to get a good impression of the alveolus over
all teeth, even to the point that the vestibule is overextended
(Fig. 30.11). This will allow good adaptation of the mouth-
guard material to the soft tissue area and will in turn ensure
better retention and comfort.

In a crossover study of different mouthguard extensions,
McClelland et al. (57) found that comfort of wear was likely
to be increased if the mouthguard was extended labially to
within 2 mm of the vestibular fold, adjusted to allow even
occlusal contact, rounded at the buccal peripheries, and
tapered at the palatal edges. To further ensure good adapta-
tion of the mouthguard material to the cast, the cast should

be carefully trimmed so the vestibule is almost removed
(Fig. 30.12). It has also been shown that residual moisture
in the working cast is the most critical factor in determin-
ing the fit of the mouthguard made by vacuum-forming
machines. The best fit was achieved when the working cast
was thoroughly dried and its surface temperature was ele-
vated (58).

There are two basic methods of fabricating a custom
mouthguard: the first is with the more traditional vacuum
suction machine (Fig. 30.13) that basically draws the EVA
stock plate over the plaster cast. It is possible to use either
the single layer or prefabricated multilayered EVA in these
machines; but it is very difficult to create a multi-laminated
mouthguard from separate plates using this technique, as
adaptation of layers will always be poor. There is a high risk

Fig. 30.11 It is important to gain a good impression of the alveolus
above all the teeth, even to the point that the vestibule is over-extended.
The cast should reflect this with as much impression of the alveolar struc-
ture above the teeth as possible, especially in the anterior region. This will
allow good adaptation of the mouthguard material to the soft tissue area
and which in turn will ensure better retention as well as comfort.

Fig. 30.12 The cast should be trimmed so that the vestibule is almost
removed. This will ensure that there will be a good adaptation of the
mouthguard material to the cast when it is sucked over the cast.

A B C

Fig. 30.13 A. A traditional vacuum suction machine used to make custom made mouthguards. At top there is a heating element; the stock plate is
sandwiched in a jig right underneath the element. The cast is placed on a perforated plate and care must be taken that it is as much in the center as
possible. When the stock plate heats up it will start to droop, so care must be taken not to overheat it because that will result in too thin mouthguard.
Most commonly used EVA materials should droop about 2–2.5 cm (3/4–1 inch) before being sucked down on the cast. C. The plate needs to completely
cool down on the cast before it is removed from the cast.
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of the mouthguard coming apart during use and its benefit
lost.

There are several critical steps that must be followed when
this type of mouthguard is made. Each must be carefully fol-
lowed, otherwise the benefits of the mouthguard could be
severely compromised. First, to improve the suction and
thereby adaptation, a hole is drilled in the palatal area of the
cast (Fig. 30.14) to ensure good suction in the palatal region.
Second, the EVA plate is heated to adapt well to the cast and
cool in place. If the formed mouthguard is removed while
still warm, there is great risk of deformation, which will
result in poor adaptation to the teeth and surrounding tissue
and thereby poor retention. The third step is the one that is
most often overlooked, that is, proper trimming of the
mouthguard after it has cooled completely.

As stated before, the mouthguard should extend as far
into the vestibule as tolerated by the patient, with appropri-
ate clearance of the buccal and labial frena. It should extend
as far back on the palate as reasonable to increase anterior
strength and retention (57) (Fig. 30.15). Distally, the mouth-
guard should cover at least up to the second molar (59) (Fig.
30.16). The mouthguard could be trimmed with a specially
heated knife on the cast or removed from the cast and scis-
sors used (Fig. 30.17). It is advisable to replace the mouth-
guard on the cast after trimming is complete and flame the
edges with a torch. Smooth the flamed edges with wet fingers
or a small spatula. Alternatively the edge can be smoothed
with a small rag-wheel in a hand trimmer (Fig. 30.18). To
further improve the athlete’s comfort, it is possible to gently
heat the occlusal surface and then have the athlete bite

together with the guard in place. This is done to even the
occlusal contact between sides. Alternatively, this can be
done on an articulator, if casts of both arches and bite reg-
istration are made.

Fig. 30.14 To improve the suction
and thereby the adaptation drilling a
hole in the palatal area of the cast in
necessary. Alternatively trim the cast
such that some of the palatal structure
is removed. This is however only possi-
ble for individuals with a high palatal
vault, because otherwise there is a
danger of removing too much of the
alveolar process.

Fig. 30.15 The mouthguard should extend as far up in the vestibule as
tolerated by the patient, with appropriate clearance of the buccal and
labial frenum.

Fig. 30.16 The mouthguard should extend as far back on the palate as
reasonable to increase both anterior strength and retention, and it should
distally cover up to the second molar at least if at all possible.

Fig. 30.17 The mouthguard can be trimmed with a specially heated knife
on the cast or removed from the cast. Heavy duty as well as fine curved
scissors can be used.
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The second method is with positive pressure machines,
such as Drufomat®, Erkopress-2004® or Biostar®. In these
machines, the stock plate is pressed, after being heated, onto
the cast with pressure from above the plate rather than being
drawn down onto the cast with negative pressure from
below. This will ensure very close adaptation of the material
to the cast and it is relatively easy to add multiple layers, as
the positive pressure will always ensure that the new layer
adapts to the existing one. It is much easier to control the
thickness of the mouthguard using this technique and the
stiffness of the mouthguard can quickly build up with mul-
tiple layers without losing much adaptability to the teeth.
However, there must be some resilience in the mouthguard,
so care must be taken not to make too stiff an appliance. An
interesting possibility with this technique is the possibility
of sandwiching names, numbers or logos between layers
(Fig. 30.19). This will not only make it easier to know whose
mouthguard is whose, but also might encourage the athlete
to wear one if the team logo was clearly visible.

Once the mouthguard is made, it should be inspected for
quality. The main issue, especially with the vacuum tech-
nique is thickness. There has been some effort made to find
the most ideal thickness of a mouthguard to ensure comfort

as well as yield optimal protection. Consensus seems to be
that the thicker the mouthguard is, the more protection it
affords. However, it would appear that if thickness exceeds
more than 4 mm, performance is only improved marginally
and is much less comfortable for the wearer (47, 60).

Common pitfalls in fabricating custom made
mouthguards (Fig. 30.20)

• Extension above the teeth: The more of the gums that are
covered above the teeth, the greater the retention as well
as increased strength of the mouthguard. Overextension is
uncomfortable and could lead to injury in the vestibule.
The mouthguard should be trimmed so that the frenum
is free.

• Extension over the molar area: The mouthguard should
cover at least one molar tooth on each side. Some exten-
sion over the gums in the molar region is recommended
for retention.

• Extension in the palatal area: The mouthguard needs to
cover some of the tissue above and behind the anterior
teeth. This will both increase retention and strength of the
mouthguard.

• Rough edges: Rough edges decrease comfort and could
cause additional injuries. Smooth them with a flame,
sandpaper or rag-wheel.

• Too thin or too thick: Too thin a mouthguard will not be
strong enough to provide protection; too thick might be
uncomfortable to wear.

Special considerations for mouthguards

For patients undergoing orthodontic treatment involving
fixed appliances, the brackets and arch wires may be covered
with boxing wax before impressions are taken. The mouth-
guard may be made of a less elastic material to protect the
teeth, but care should be taken not to increase the thickness

Fig. 30.18 The edges of the mouthguard can be smoothed with a small
rag-wheel or sanding wheel in a simple hand trimmer that can even be
taken to the field house.

Fig. 30.19 An interesting possibility using the multilayered technique is
the possibility to sandwich in names, numbers or logos.

Fig. 30.20 An example of a poorly made mouthguard. First, the cast is
not properly trimmed so that there is a lip in the vestibule area, prevent-
ing a good adaptation in that area. Second, the mouthguard is too thin
as is evident from the color of the cast showing well through the blue
EVA; the extensions into the vestibule are too short in the anterior area
and the edges are not smooth.
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so that lips or other soft tissues are put under tension. It is
not clear whether mouthguards that are specifically sold to
athletes who wear orthodontic appliances appear to offer
any protection. Adapting a boil-and-bit mouthguard might
be more beneficial if cost or convenience is an issue. This
also applies for children in mixed dentition. If a custom
mouthguard is made for these children, it must be remade
with new impressions at least every 6 months, thus making
cost a strong factor. A well-made mouth-formed guard
might be as effective.

In those sports where the athletes are wearing a helmet
and some kind of facemask, the mouthguard is frequently
attached to the mask for convenience. The issue has been
raised there should be an automatic release mechanism, so
that if the helmet and/or the facemask comes off the athlete,
there will not be a forceful pull on the mouthguard 
and thereby the teeth or the dental arch (Figs 30.21,
30.22).

Care of mouthguards

When fitted, instructions should be given for the care of the
mouthguard (Figs 30.23, 30.24). It has been reported in the
past that only half of athletes clean their mouthguards after
use. Eight percent even lend them to other athletes (61). Bac-
teriological studies have led to the recommendation that
mouthguards should (a) be washed with soap and water
immediately after use; (b) be dried thoroughly and stored in

a perforated box; and (c) be rinsed in mouthwash or mild
antiseptic (e.g. 0.2% chlorhexidine) immediately before use.

The mouthguard should be inspected regularly to check
its fit, especially in children who are still growing. During
use it may become distorted or torn by chewing. Athletes
should be warned that chewing the mouthguard will shorten
its life and could potentially diminish its protection.

Fig. 30.21 The connection between a facemask and the mouthguard
should have self-releasing mechanisms so that if the helmet and/or the
facemask comes off the athlete, there will not be a forceful pull on the
mouthguard that could damage the teeth or the dental arch. Fig. 30.22 The mouthguard should never be tied to the facemask or

other appliances that could come loose.

Fig. 30.23 Everyone who receives a custom made mouthguard needs to
be provided with an appropriate storage box that will allow ventilation
and they should be taught how to regularly clean the mouthguard by
brushing it with toothbrush and tooth paste.
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in juvenile baseball found that wearing a faceguard resulted
in significantly less oculofacial injuries than not wearing one
(16). For other players on the field it is possible that they
would benefit from wearing a custom made mouthguard but
as of yet no published study has investigated this.

Basketball

Mouthguards have been shown to significantly reduce
dental injuries and referral to dental offices for male players
(25). For this sport there is no question that a custom made
mouthguard is the only choice because both stock and boil-
and-bite require the wearer to clench their jaws to keep it in
place. The air flow is not affected by a custom made mouth-
guard but can be with a stock type (63).

Boxing

Mouthguards were initially created for boxers to protect
their soft tissue (18) but it soon became apparent that they
protected the teeth much more than the lips and ginigiva
(18, 19). There has been mandatory wear of a mouthguard
in boxing at almost all levels for a long time and it is of note
that despite repeated blows to the chin and face dental
injuries appear to be relatively infrequent, most likely due to
the mouthguards. It has been reported that none of 250 par-
ticipants in an amateur boxing championship who were
evaluated after the game had any visible dental trauma (64).
All kinds of mouthguards have been suggested for boxers,
both stock and custom made maxillary, as well as various
forms of ‘bimaxillar’ that covers both arches. However once
again no comprehensive study has been done to show that
one type is more beneficial than other.

Field and ice hockey

Hockey has been traditionally considered to be very dan-
gerous for the oral and dental structures. A report from
Helsinki, Finland found that of 106 patients with sports-
related dental traumas, 39% of cases happened in ice hockey
or skating. Many amateur and college level sports organiza-
tions have by now mandated faceguards as well as mouth-
guards for their players. Those actions have virtually
eliminated lower facial injures (15), but only in the case of
full facial guards because it has been shown that the so-
called half mask that only covers the upper half of the 
face does not protect the jaws or oral cavity (17). The 
additional benefit of wearing a mouthguard to a full 
face mask in hockey is not clear and needs to be further
investigated.

Horseback riding

Facial injuries have been reported to be common among
those who ride horses (65). However, the use of custom
made mouthguards is not promoted by those in the eques-
trian industry. Use of helmets with face protectors have
become more common, especially for the younger genera-

Use of mouthguards and other protective
appliances in various sports activities

Oral and dental injuries have been reported to be a relatively
large portion of all injuries reported for certain sports (2,
62). Nysether found for example that approximately 20% of
all reported injuries among Norwegian soccer players were
dental injuries (62). In every fifth case the expenses for nec-
essary dental treatment exceeded the maximum compensa-
tion from the insurance company. The best protection
available for the oral and dental area should be a priority for
everyone involved in sports activities, not only for the
benefit of the participants but also to reduce the potential
cost and liability of the organization.

American football

As stated previously in this chapter the introduction of face-
masks and proper helmets virtually eliminated oral and
dental injuries (11–13). For dental protection the choice of
mouthguard for American football does not appear to
matter: boil-and-bite mouthguards appeared to provide as
good protection as the custom made ones (54). However the
comfort of the custom made is unquestioned especially for
those who have to communicate frequently during the game.

Baseball

The best protection for baseball players is a faceguard or a
cage attached to the batting helmet. An intervention study

Fig. 30.24 Athletes should also be taught proper care of the mouthguard
during play, such as not chewing on it or placing it somewhere where it
can easily be lost.
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tion of riders but data is lacking about the effectiveness 
of those.

Rugby

Several papers have reported on the protection, or lack
thereof, of mouthguards (23, 26) in rugby. Once again a
large intervention study is needed to clearly demonstrate
how much a mouthguard does protect rugby players.
Custom made mouthguards are probably the best for these
players, primarily for comfort.

Soccer

Soccer is without a doubt the most common sports activity
in the world. The incidence of oral injuries has been
reported surprisingly high, for example 28–32% in high
school soccer players in a 2-year observation (66, 67). Yet in
many areas there has been a very little discussion about need
for dental protection. The risk seems to be especially high
for goalkeepers and forwards, as well as for inexperienced
teams (62). A custom mouthguard should be considered for
those who are at risk.

Team handball

Team handball is another aggressive contact sport where oral
and dental protection does not seem to have gained much
interest although there seems to be a high rate of injuries for
participants (68). Effort should be made to make players
aware of the risk as well as to investigate whether a custom
mouthguard does offer protection.

Cost–benefit of impact protecting devices

An unanswered question at present is how the cost of pro-
tecting individuals from injuries relates to the cost of treat-
ing actual injuries in a non-protected situation. This
question becomes substantial in many sports activities
where traumas are not that frequent (see Fig. 30.2). Before
such a question can be answered for individual sports disci-
plines the following questions should be answered:

• What is the incidence of traumatic dental and maxillofa-
cial injuries in that particular sport activity?

• Is there a typical trauma pattern in the particular sport?
• How effective are different protective devices?
• What are the costs of these devices?
• What is the cost of treating a typical traumatic injuries

related to that particular sport activity?
• Can the protective device possibly cause a shift in injury

pattern, like protecting the crown but causing instead alve-
olar or root fractures?

As stated previously very few studies have been conducted
in a scientific manner and on a large scale on the actual
effectiveness of all the above mentioned protective devices.

This was strongly highlighted in 2002 when a Task Force on
Community Preventive Services (formed by the USA Gov-
ernment Agency: Centers for Disease Control and Preven-
tion in Atlanta, GA) did systematic reviews of all papers that
reported on effectiveness, applicability, other positive and
negative effects, economic evaluations and barriers to use of
selected population-based interventions intended to prevent
or control sports-related craniofacial injuries (69). The
report stated that there was not a single study that was suf-
ficient to meet minimum requirements of the Task Force for
inclusion in the report on the issue. The Task Force con-
cluded: ‘According to Community Guide rules of evidence,
evidence is insufficient to determine the effectiveness of
population-based interventions to encourage use of
helmets, facemasks, and mouthguards in contact sports in
increasing equipment use or reducing injury-related mor-
bidity or mortality’ (69).

There is no question that we need in the very near future
multiple large epidemiological studies on sports injuries and
their prevention, to confirm the clinical impression of effec-
tiveness of protective devices. Detailed analysis of cost effec-
tiveness should also be carried out for every sporting activity
once that data is collected. This would be a good foundation
for rational accident prevention in sports.

Other applications for the use 
of mouthguards

Protection of the dental tissues during 
general anesthesia

Oral endoscopy and orotracheal intubation may result in
fracture or displacement of teeth (70–72). Damage may be
inflicted by using the incisal edges of the anterior teeth as a
fulcrum when inserting a laryngoscope, retractors or endo-
scopes. The fracture of prosthetic crowns has also been
reported and injuries to the teeth are one of the most fre-
quent complications during the delivery of general anesthe-
sia (73). However, it is not at all clear how frequent this kind
of trauma is, for it is likely that in many cases the damage is
not discovered until months if not years later because the
tooth or teeth only sustained mild luxation during the
trauma rather than crown fracture or frank avulsion.

It has been suggested that patients who present with dis-
colored and/or symptomatic anterior teeth for which there
are no obvious etiologic factors should be carefully ques-
tioned regarding their past surgical history. If the patient
denies a history of trauma yet relates a recent (2–5 years)
history of general anesthesia, a differential diagnosis includ-
ing trauma secondary to endotracheal intubation should be
considered (74).

There are a number of injures to teeth during general
anaesthesia. The most frequent of all anesthesia-related
medicolegal claims was for dental injuries: up to one-third of
all medicolegal claims against anesthetists (75). Concern for
dental injuries of this type has increased due to an awareness
of the medicolegal responsibility of the surgeon or anesthetist
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for iatrogenic injury (73). A number of methods have been
recommended to prevent injuries in these circumstances; but
there is little evidence of their success. Custom made mouth-
guards have not been considered cost-effective. This might be
in part because anesthesiologists fear that the mouthguard
could get in the way during intubation. However, a recent
study showed that when comparing 80 patients, where half
had a mouthguard and the other not, there was only on
average 7 seconds difference between the two groups (76).
When one considers the possible cost of legal action due to
dental trauma, even as infrequent as they may be, the case for
a dental protection of some sort during intubation becomes
even stronger. At least in cases where there is a great risk of
complications due to restorations, limited mouth opening
etc., this approach might be advisable (77, 78).

Prevention of oral injury from 
traffic accidents

As it appears from Fig. 30.1 traffic accidents are the cause of
a significant amount of oral injuries. In that regard, some
preventive measures can be made.

Bicycle injuries

These injuries are very common in some countries, due to
the popularity of bicycles. In addition, a relatively new
extreme sport where a rider does tricks, jumps over obsta-
cles and slides on rails etc. on BMX bikes has raised concerns
by many dentists who treat dental injuries about the poten-
tial for serious injuries and the apparent lack of protectors
for the lower portion of the face. No study has of yet has
been completed on this subgroup of bicyclists but there is
every indication that they do suffer as frequent and serious
oral injuries as extreme skateboarders and rollerblades.

Bicycle riders are extremely exposed to head injury during
accidents (14). In most of these injuries the impact direc-
tion is either direct and frontal or tangential to the face
resulting in a combination of dental and soft tissue wounds
when the face hits or slides along the ground (Fig. 30.25).
The use of bicycle helmets has been common in professional
bicycle sport and is now becoming popular among both
children and adults. In some countries laws have been passed
to require at least all children and even everyone riding a
bicycle to wear an appropriate helmet. The bicycle helmet is
primarily designed to prevent brain injuries and has been
shown to reduce the risk of these injuries by 48% (14) but
it offers no protection against injuries to the lower part to
the face, including dental injuries (79–81).

Motorcycle injuries

These traffic injuries are the most dangerous of all traffic
accidents. In most countries the mandatory use of helmets
has been legislated for. This preventive measure has been
found to reduce the mortality rate significantly and also the

frequency of oral and maxillofacial injuries (82, 83). Motor-
cycle helmets with chin-bars are likely to provide the best
protection for the lower half of the face.

Motor vehicle injuries

Head injuries are common in car accidents and vary signif-
icantly according to the person’s position in the car. The
driver is usually affected by direct impact with the steering
wheel and/or the windscreen whereas the front seat passen-
ger suffers from injuries related to a collision with the front
seat panel and/or the windscreen. The back seat passenger
usually faces collision with the front seat. In all of these
instances a frontal impact is the result with a combination
of soft tissue and dental and/or maxillofacial injuries.

Since the introduction of safety belts and later airbags a
significant reduction in not only the mortality after auto-
mobile injuries has been noted but also a reduction in the
severity of oral and maxillofacial injuries (Fig. 30.26) (84).

Essentials

The majority of dental and oral injuries appear unexpect-
edly and during daily life activities which make their pre-
vention difficult if not impossible. The best approach is
education, both on how to avoid injuries as well as how to
manage them when they occur.

At present preventive measures can be indicated in the
following situations:

• Contact sports
• Certain traffic activities (bicycle, motorcycle, motor

vehicle)
• Oral endoscopy and orotracheal intubation in cases with

extensive restorations or a weakened periodontium.

Altogether, 7–25% of dental injuries appear to have a nature
where preventive measures have a chance of reducing or pre-
venting those from occurring.

Fig. 30.25 Head and facial injuries are frequent in bicycle accidents. In
most of these injuries the impact direction is either direct and frontal or
tangential to the face resulting in a combination of dental and soft tissue
wounds when the face hits or slides along the ground.
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Preventive devices

• Helmets may prevent skull fractures and to a certain
degree brain concussion but not dental injury if they are
without faceguard or chin bar.

• Faceguards may prevent facial and oral injuries.
• Mouthguards may prevent or reduce the severity of oral

traumas.

Design of mouthguards

An ideal mouth guard should ideally have the following
functions:

• Preventing or reducing injuries by absorbing or deflecting
frontal and axial impacts

• Shielding the oral soft tissue
• Providing the mandible with resilient support during

forceful occlusion that may prevent crown root fractures
of premolars and molars, jaw fractures and brain 
concussion.

Types of mouthguard

• Stock – prefabricated
• Mouth formed
• Custom made

Among these the custom made has the optimum comfort
for the wearer and according to some the best trauma pre-
ventive capacity.

Fig. 30.26 The introduction of safety belts and later airbags has signifi-
cantly reduced not only mortality after automobile injuries but also the
severity of oral and maxillofacial injuries.

Use of mouthguards and other preventive
measures in sport

American football

Helmets and face masks significantly reduce the chance of
oral injury.

Basketball

Mouthguards significantly reduce the frequency of oral
injuries for males.

Boxing

Mouthguards reduce the chance of dental injuries.

Field and ice hockey

Face masks and/or mouth guards significantly reduce facial
and oral injuries.

Horseback riding

There is a high frequency of facial injuries. There is no report
on the effect of preventive measures.

Rugby

Mixed protection effects of mouthguards have been
reported.

Soccer

Possibly goal keepers and forwards may need mouth 
guard protection. Unfortunately no studies have verified
this.

Team handball

This sporting activity is attended by a number of injuries.
There are no data of oral protective measures.

Use of preventive measures in traffic

Bicycle injuries

The use of helmets appears to reduce the frequency and
severity of facial injuries.

Motorcycle injuries

Helmets appear to reduce the frequency and severity of head
injuries.

Car injuries

Safety belts reduce the frequency, severity and mortality of
facial injuries.
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Identifying prognosis related factors

Univariate and stratified analysis

In most dental trauma studies, a univariate analysis is per-
formed where healing outcomes are compared against
various pre-injury and injury factors (e.g. age, root devel-
opment, severity of trauma) and treatment factors (e.g. type
of splinting, antibiotics, treatment delay). A minimum
observation time should be used (usually one year) in order
for a given complication to become manifest. A univariate
analysis is then performed using Chi square or other tests.
This will normally reveal a series of significant relations
among which a number are due to associations between
related parameters (e.g. age and root development). To
reveal these associations a stratified analysis should be per-
formed where for instance root development (mature and
immature) is subdivided for given age groups. In this way a
certain number of associations can be revealed and redun-
dant factors can be excluded from having a significant influ-
ence on healing outcome.

Expressing prognosis quantitatively

In the dental literature, the most frequently used method for
expressing prognosis is as proportion survival, where n
treatments are followed for time intervals of varying lengths
and x/n ×100% of these procedures develop a given com-
plication x. Prognosis is then related to an average or median
interval (1, 2).

When analyzing the occurrence of events, such as pulp
necrosis (PN), pulp canal obliteration (PCO) and root
resorption (RR) after dental trauma, time becomes very
important. First, from a clinical point of view, where the
time after injury at which complications are likely to occur,
and the order in which different complications can be 
anticipated, play an important role for clinical decision 
making.

As healing complications usually appear with some time
variation, the length of observation period of patients fol-
lowed is decisive (Fig. 31.1). If, for example, the observation
period for an overwhelming majority of patients in a trauma
study is so long that most complications will have appeared
(period C), conventional frequency calculations will provide
a reliable picture of the likelihood of a given event. However,
if prognosis is calculated from a material with a very short
observation period (period A), an unrealistically optimistic
picture of complication events will be presented. In period
B, a varied picture of the appearance of complications 
will be seen due to variation in length of observation periods
and their relation to the chance of detecting a given com-
plication (1).

It can be seen from Figs 31.2–31.4 that pulp necrosis,
pulp canal obliteration and root resorption after luxation or
avulsion with subsequent replantation of permanent teeth
appear with relatively large variations in time (3–8). Thus,
expression of prognosis for these complications will show
great variation from one investigation to another, making
comparison of results difficult, if not impossible. However,
using the method of meta-analysis (see later), it is possible
to summarize the results from similar investigations in a
quantitative manner.

Also, from a statistical point of view, the time factor is
important because teeth are observed at varying time inter-
vals due to staggered entry and a fixed closing date, imply-
ing different probabilities of experiencing a given
complication within the period of observation. This fact
must be taken into account in statistical analyses of clinical
data on dental trauma. This problem can be overcome by
focusing on events during a time interval of fixed length and
expressing prognosis as proportion survival as explained
above; but such a procedure may involve a serious loss of
information.

An informative expression of prognosis is achieved by
means of life table, or actuarial statistics, by which variation
in prognosis with variation in observation period can be
described. Such an analysis permits full utilization of all ‘sur-
vival’ information accumulated up to the closing date of the
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study, including information from patients with partial
follow-ups (i.e. patients not followed through to the occur-
rence of a given complication or terminal event). This form
of analysis is well known and widely applied in studies of
life expectancy with cancer (9–12). It has also been applied
to long-term dental investigations, such as the longevity of
dental filling materials (13–16), pulp capping procedures
(17), tooth transplantation (18, 19), endodontic procedures
(25–27, 29) and long-term prognosis of various dental
trauma entities (3–8, 20, 21, 35–37). Non-technical text
books on survival analysis are also available (12, 22–24).

A crucial difference in survival data from, e.g., cancer
trials and data on occurrence of complications after dental
trauma results from the non-fatal nature of the latter com-
plications. Typically, the occurrence of a dental complication
must be diagnosed in a clinical investigation, and this means
that only at some predetermined observation periods can it
be seen whether a given complication has arisen since the
previous follow-up examination; but the precise time of
occurrence in the time interval cannot be determined. Thus,
the relevant statistical analysis of occurrences of complica-
tions is an analysis of grouped survival data (3).

Fig. 31.1 Typical time relation
between occurrence of healing compli-
cations after dental trauma. From
ANDREASEN (1) 1987.

Fig. 31.2 Observation time and prob-
ability of diagnosis of pulp necrosis
after extrusion of mature permanent
teeth. From ANDREASEN & PEDERSEN
(3) 1985.
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A calculation illustrating the principles of life-table analy-
sis is presented in the following example of patients suffer-
ing dental trauma (e.g. replantation of avulsed teeth) (Fig.
31.5). Each patient will represent one of the following three
outcomes:

• Failed – if the replanted tooth has developed one of the
complications under study.

• Withdrawn – if the tooth (patient) is lost from the trial for
any reason other than healing complications from the
injury. For example, if a patient stopped attending recall

examinations and was lost to follow-up, or if a tooth was
lost due to causes unrelated to the initial trauma, e.g. a new
acute injury.

• Censored – if the tooth is still in function at the end of the
investigation and does not show the complications being
studied.

The following example will show the principles of the cal-
culations behind a tooth survival analysis: Ten patients with
a total of 10 replanted incisors participate in a prospective
investigation. There are no teeth showing failure at the end

Fig. 31.3 Observation time and prob-
ability of pulp canal obliteration sub-
sequent to lateral or extrusive luxation
of mature permanent teeth. From
ANDREASEN et al. (5) 1987.

Fig. 31.4 Observation time and prob-
ability of diagnosis of external root
resorption after replantation of avulsed
permanent teeth. From ANDREASEN 
et al. (7) 1995.



838 Chapter 31

of the first observation period (a). Tooth survival at the end
of the first interval is therefore 100%. At the end of the next
interval (b), failure is seen in 2 teeth. Tooth survival is now:

(10 − 2) / 10 × 100% = 80%

In the third observation period (c), there are now only 8
teeth at risk. Of these 8 teeth, 4 fail; that is, 4/8 of 80% have
survived, yielding 40% survival. No complications are reg-
istered in the fourth interval (d), but 2 patients have such
short observation periods that they are withdrawn from the
study. There are now only 2 teeth left. Tooth survival is there-
fore 2/2 of 40% = 40%. It can be seen from Fig. 31.5 that the
risk for a given complication can now be calculated for a
given observation period (3).

Life table statistics are sensitive to a number of factors,
such as definitions of failed, withdrawn and censored
patients, as well as recall procedures and sample size. The
significance of these factors will therefore be discussed.

Importance of definition of failures

Failures can be defined according to the type of dental
trauma analyzed, such as loss of tooth, root resorption,
development of pulp necrosis, pulp canal obliteration or loss
of marginal bone support. Each of these conditions (apart
from tooth loss) represents unique diagnostic difficulties.
Thus, pulp necrosis is dependent upon a number of diag-
nostic procedures, where none is conclusive (see Chapter 13,
p. 378). Pulp canal obliteration, root resorption and loss of
marginal bone support are primarily dependent upon radio-
graphic examination procedures (see Chapter 13). This
implies that a variation in technique could influence the 
sensibility of the analysis. Concerning tooth loss, it should be
established whether the tooth in question was otherwise

intact and in function, and that the extraction was not
related to the previous trauma (e.g. a traffic accident, extrac-
tion for orthodontic or prosthetic purposes). Otherwise
serious bias might arise.

Importance of censored patients

The definition of a censored event (i.e. tooth survival or
tooth presence without pathology), like failures, is entirely
dependent upon the established criteria for pathology. Fur-
thermore, it is important that the majority of censored data
represent adequate observation periods for the complication
to have had a chance to appear. Otherwise problems may
arise regarding the reliability of the survival analysis.

Importance of withdrawn patients

The usual reason for withdrawal of patients from continu-
ing examination appears to be one of the following:

• The patient cannot be traced (moved without a forward-
ing address, emigration, death).

• The patient has received a recall notice and chosen not to
respond.

• The tooth in question is lost.
• The tooth in question has survived and the patient does

not feel the need for a follow-up examination.
• The patient ignores the recall notice for other reasons (e.g.

inconvenience or lack of interest).

If the reasons for no-show at a scheduled follow-up are cen-
tered around the first two reasons for withdrawal, the analy-
sis may be seriously jeopardized. The relevance of no-shows
has only been studied in a few dental investigations (25–27).
Thus, it was shown in a long-term study of healing after 

Fig. 31.5 Calculation of periodontal
ligament survival in a theoretical clini-
cal dental trauma study. From
ANDREASEN (1) 1987.



Prognosis of Traumatic Dental Injuries: Statistical Considerations 839

surgical endodontics that patients not initially responding
to recall notices, when later examined after extensive recall
efforts demonstrated the same healing pattern as the rest of
the material (27). This illustrates that, at least in the cited
study, the no-shows were usually related to inconvenience
for the patient of the scheduled examination. Also the situ-
ation where patients feeling well tend to withdraw may cause
bias since the patients remaining in the study are no longer
representative for the treated patient population (so-called
‘dependent censoring’).

Importance of the length of the 
investigation period

This is a crucial factor and should be related to the mean or
median observation period for the occurrence of the event
under investigation. Thus, root resorption requires extended
observation periods for the material before any meaningful
survival statistics can be established (7, 8).

Importance of sample size

The sample size becomes very important especially when the
pathological event under investigation occurs infrequently.

Effect of recall schedule

As mentioned above, it can usually only be established at
some prescheduled follow-up examinations whether a given
complication has arisen since the previous examination,
whereas the precise time of occurrence within that period
cannot be determined. The recall schedule is therefore
important. Short time intervals between successive follow-
up examinations are recommended when the rate of failure
is high, whereas longer time intervals may be chosen when
few failures are likely to occur.

Comparing life tables

The logrank test for comparison of life tables

Life table estimates for the survival probability in two
groups, e.g. two randomized treatment groups, may be com-
pared at a single point in time, t, using the variance estimate
based on Greenwood’s formula (12). It would be more effi-
cient, however, to compare survival of the two groups on the
entire survival functions and not only on their value at a
single point in time. This may be done using the logrank test
statistic for the case of continuously observed i.e. non-
grouped survival data (9, 10). For grouped survival data, a
similar test has been developed (12).

Further treatment comparisons, multiple
regression analysis

In almost all clinical investigations, the identification of clin-
ical factors which have an effect on the occurrence of healing

complications after trauma has been achieved using uni-
variate statistical analysis, where it is assumed that all teeth
in the group for which the estimate is calculated have the
same survival probability. In this type of analysis, each
potential causative factor is considered individually, usually
with the result that numerous clinical factors can be identi-
fied that are significantly related to the given healing com-
plication. In many cases, however, the groups are
heterogeneous and the relationships found may have little
biological relevance, as they may be due to associations
between registered clinical parameters. As an example,
assume that the stage of root development is the only clini-
cal parameter related to a given complication, and a given
type of treatment (e.g. repositioning and splinting) is chosen
according to stage of root development. In such a case, in a
univariate analysis, there may be a significant relationship
between treatment procedure and complication due to this
association.

In order to identify and eliminate such associa-
tions, various multiple regression analyses have been 
developed whereby the effect of several factors is studied
simultaneously.

In the case of continuously observed data, the Cox regres-
sion model is frequently used (12, 22–24, 30). It is also pos-
sible to use such a model for grouped survival data when,
e.g. treatment comparisons are to be made in the presence
of other prognostic factors (3, 31). An alternative model
which is frequently used is the logistic regression model for
grouped survival data (30). This model leads to effects of
prognostic factors being quantified as odds ratios (Table
31.1). Using such multiple regression models, associations
can be disclosed and/or eliminated and this has been shown
to significantly reduce the number of predictors for healing
complications after dental traumas (3, 6–8, 32).

Odds ratio (OR) and risk ratio (RR)

OR represents the risk for an experimental group compared
to that of the control group. RR is defined as the ratio of risk
in the intervention group to the risk in the control group.
Risk is the ratio of people with an event in a group to the
total in the group.

In the following example, the action of OR and RR is
shown for a constructed example in a trauma situation
(Table 31.1).

RR
a/e

c/f

10/

20/
0.50= = =100

100

OR
a/b

c/d

10/

20/
0.44= = =90

80

Table 31.1 Effect of antibiotics upon fracture healing.

Infected cases Healed cases n

Antibiotics 10 (a) 90 (b) 100 (e)
(intervention)

Control 20 (c) 80 (d) 100 (f)
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An OR or RR of 1 indicates no difference between compar-
ison groups. For undesirable outcome, an OR that is <1 indi-
cates that the intervention was effective in reducing the risk
of outcome. Likewise figures above indicate increased risk in
the intervention group.

The use of predictors and confidence limits

From a regression model it is possible to estimate the prob-
ability that a given complication will arise during a given
interval for a patient having a tooth with the given charac-
teristics. Confidence limits for such a predictor may also be
estimated. It is important to note that, due to the associa-
tion between prognostic factors, such individual predictions
must be based on a multiple regression model and cannot
be obtained from a series of single-factor analyses.

Comparing tooth survival or healing results
from various studies

In the evaluation of the effect of various treatment modali-
ties, the usual approach is to report the individual findings
from clinical studies, the so-called narrative review (33).
Such an analysis usually results in a range of treatment
effects from which it is difficult to summarize the effect of
a given treatment. To overcome this difficulty, meta-analysis
can be used. This method uses statistical techniques to sum-
marize estimates from a series of studies with common
underlying characteristics (34) and thus allows estimation
of the magnitude of a treatment effect. The principle is that
when the effect of the same treatment has been estimated in
a number of similar studies (together with confidence
limits), a quantitative overview can be obtained as a
weighted average of the individual estimates using as
weights the precision of the individual estimates.

Essentials

Expressing prognosis quantitatively

• Percent calculation (i.e. disregarding relationship to obser-
vation period)

• Life table statistics (i.e. incorporating relationship to
observation period)

Factors of importance for life table analysis

• Definition of healing and non-healing
• Censored patients
• Withdrawn patients
• Length of period under consideration
• Sample size
• Recall schedule

Comparing life tables

• Log rank test for treatment comparisons

Multiple regression analysis

Odds and risk ratio

Predictors and confidence intervals

Comparing healing results

• Meta-analysis
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Until the 1970s, splinting of traumatized teeth was prima-
rily accomplished using methods employed in the treatment
of jaw fractures, with cap splints, arch bars and wires (1–3).
This was not only because of a lack of knowledge of the
healing mechanisms of injured teeth, but also because of
lack of appropriate splinting materials. Since the discovery
of adhesive techniques in the late 1960s, a wide range of
splinting devices has been developed (4, 5). However, the
most important discovery in recent decades has been that
splinting in general can have an adverse effect on healing
processes in the periodontium and pulp after trauma. Thus,
non-physiologic fixation of displaced teeth can induce peri-
odontal and pulpal healing problems; and long-term splint-
ing may not only prolong the wound healing process in the
periodontal ligament (6), but may also lead to preservation
of an otherwise transient ankylosis (7–10). Arrest of revas-
cularization of the pulpal has also been observed in animal
experiments (9). In autotransplantation of teeth, both anky-
losis and increased risk for pulp necrosis have been observed
more frequently in rigidly splinted than in flexibly splinted
autotransplanted molars in humans (11). In the following,
the effect of various splinting devices on the healing of
dental tissues after injury will be discussed.

Influence of splinting on dental tissues

Influence upon gingiva

It has been shown that gingival damage caused by arch bars
fastened with steel wires is reversible if the periodontium
was healthy before splinting (12–19). Wire-loop splints
(used in intermaxillary splinting) have been found to lead
to gingival changes which are, however, reversible after wire
removal (20). The presence of wires placed in contact with
the gingiva may lead to invasion of bacteria through rupture
or tears in the epithelial attachment.

Influence upon periodontal healing

An early experimental study in 1974 by Andreasen (7), and
supported by later clinical (11, 21) and experimental (8–10,
22) studies, demonstrated that optimal periodontal healing
(i.e. with minimal ankylosis) after extraction and replanta-
tion of teeth in animals was obtained in a non-splinted sit-
uation compared to rigid splinting. It is assumed that slight
mobility in the initial healing period activates resorption of
initially formed ankylosis sites. Only a single experimental
study did not support these findings (23).

Influence upon pulp healing

In a monkey model of extracted and replanted teeth, it was
shown that splinting could decrease pulp revascularization
and increase the extent of pulp necrosis and inflammatory
root resorption compared to non-splinting (9). In humans,
splinting of autotransplanted teeth for only one week (with
a suture splint, see later) has been found to improve pulpal
healing as compared to rigid splinting for four weeks (21).

Enamel changes after splinting

The staining of labial enamel after acid etching could present
a problem, especially if filled composite resin has been used,
where there is no clear distinction between enamel and the
splinting material. However, experimental studies have
shown that treatment of enamel with methods simulating
various phases of splinting does not cause permanent stain-
ing; and discoloration can be removed with careful polish-
ing (24).

Requirements for an acceptable splint

The splint should preferably have slightly vertical and hori-
zontal flexibility in order to support healing (see above). In
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the following, the rigidity of splints will be described as: flex-
ible i.e. more mobility than a non-injured tooth, semi-rigid:
equal to normal tooth mobility, and rigid: less than normal
tooth mobility. An optimal splint should fulfil most or all of
the following requirements:

• Direct intraoral application
• Easy to construct with materials available in dental 

practice
• Does not increase periodontal injuries or promote caries
• Does not irritate oral soft tissues
• Passive; does not exert any orthodontic force on teeth
• Versatile in achieving rigid, semi-rigid or flexible splint
• Easy to remove and causes minimal or no permanent

damage to the dentition
• Allows pulp testing and endodontic treatment
• Hygienic and esthetic.

Splinting methods

Since the discovery of the acid etch technique of enamel by
Buonocore in 1955 (4), this procedure has had a major influ-
ence on splinting devices (5). Since the 1970s, several splint-
ing methods have been introduced which allow slight
horizontal and vertical movement, many of which utilize the
acid etch technique, various types of wires or orthodontic
appliances (25–29). Thus composite and similar materials
can be attached firmly to the enamel surface. The area
needed for acid etching can be limited to a small surface of
the crown (3).

Testing the mechanical properties of
various splinting types

An experimental acrylic model jaw-tooth was designed to
simulate the clinical mobility of teeth and the influence of
various splinting devices. The lateral and vertical flexibility
of two arch bar splints (Schuchardt and Erich arch bars),
which are frequently used in the immobilization of jaw frac-
tures, and a wire-composite splint were examined (30). The
tests showed that a 0.3 mm thick wire-composite splint had

a flexibility which closely resembled that of a control situa-
tion, while arch bar splints with and without acrylic cover-
age virtually prevented vertical movement (30).

In a second study, using a sheep jaw model, a variety of dif-
ferent splinting materials were tested for their flexibility and
grouped into rigid, semi-rigid and flexible (31). In this study,
light cured composite resin splints, Fermit® (Vivadent,
Germany) and Triad® gel composite splint (light cured gel
form acrylic, Dentsply, USA) yielded a non-flexible splint.
Semi-rigid splinting was achieved by Kevlar®, Fiber-splint®,
Protemp II® (multiple functional methylacrylic esters, Espe,
Germany) and flexible wire-composite splint. The latter
splint types provided adequate lateral support for a loose
injured tooth and also allowed slight vertical flexibility.

In order to establish optimal splinting stability, the fore-
most requirement is to define to what extent a loose tooth
or tooth-bone segment should be immobilized in order to
ensure optimal healing. Unfortunately, no such analysis
exists. However, experience from vertical distraction osteo-
genesis indicates that limited mobility can advance osteo-
genesis (see Chapter 28, p. 781).

Properties of various suitable splinting materials are com-
pared in Table 32.1. The most versatile splints are resin
splints (Protemp®, Luxatemp®), wire-composite and TTS
splints (titanium trauma splint), all of which fulfil the
demands of modern dental splinting.

In the following, the various types of splints will be
described.

Suture splint

The simplest type of splint is a suture placed over the incisal
edge from the palatal/lingual gingiva to the buccal gingiva.
This fixation can be used, for example, in preventing repo-
sitioned incisors from extruding, but will only be effective
for a short period of time (32–34). After autotransplanta-
tion of premolars, the suture is placed over the occlusal
surface of the transplant (see Chapter 27). Suture splints
have been found to improve the prognosis of autotrans-
planted teeth compared to rigid splints (11).

Arch bar splint

Several decades ago, rigid splinting of luxated teeth was con-
sidered necessary, and the types of splints used were either

Table 32.1 Comparison of different types of splints. Various properties are assessed on a three-point system. Plus (+) illustrates that the property is
strongly related, plus-minus (±) that the property is slightly related and minus (−) that the property is not related to the splint concerned.

Type of splint Accuracy of Easily Flexibility Rigidity Easily Easy to Suitability after
reposition discolored fractured construct dental trauma

Suture splint + + − + + ±
Arch bar splint − − − + − − −
Arch bar splint with acrylic − − − + − − −
Flexible wire-composite + ± + − − + +
Rigid wire-composite + ± − + − + ±
Composite splint + ± − + + + ±
Protemp®, Luxatemp® + ± + − ± + +
TTS splint ± ± + ± − ± +
Orthodontic splint ± ± ± ± − ± ±
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arch bars or cap splints. These splints caused considerable
damage to the injured teeth, due to inaccurate reposition-
ing, which could press the loose tooth against the socket wall
(Fig. 32.1). Furthermore, there was risk of bacterial invasion
into the periodontal wound due to the close proximity of
the splints and wires to the gingival margin (35).

Orthodontic appliances

Orthodontic ligature wire bonded with composite or
attached to brackets has been advocated (36). However,
orthodontic bracket wires and composite may cause 
irritation of oral mucosa, impairment of oral hygiene 
and discomfort, especially at the start of the splinting 
period (37). Furthermore, demands for a passive splinting
(i.e. with the tooth in a neutral position) are endangered if
brackets are united by rectangular orthodontic wires. It is
therefore recommended that malleable steel wire is used
(38).

Composite resin

A splint composed entirely of composite resin is esthetic and
easy to construct, but has been found to fracture in the inter-
dental area, as the material is fragile. The splint is rigid and
thereby violates the demands for splinting in most cases.
Moreover, due to color match and bonding strength to
etched enamel, it is difficult to remove without damaging
underlying tooth structure. If a splint of this material must
be used, it is advisable to splint the luxated tooth to only one
adjacent tooth (39).

Wire-composite splint

Wire-composite splinting was introduced in 1987 (40) and
has since been reviewed (3) and tested both in vitro (12, 24,
30) and in vivo (39). One of the major benefits is that the
splint is constructed of materials that are routinely available
in dental offices. Detailed illustration of construction of a
flexible wire-composite splint is illustrated in Fig. 32.2.
Wire-composite splinting is easily modified into a rigid
splint by changing the dimension of the wire or by adding
composite along the labial wire up to the interdental space
(Fig. 32.2). Examples of the use of wire-composite are
shown in Figs 32.3 and 32.4. However, there is the same

problem concerning risk of potential damage to underlying
enamel as with a composite splint.

In a recent comparative study of various types of splints
in volunteers, a wire-composite splint proved to be well
accepted, did not cause major damage to the oral mucosa
and allowed the volunteer to maintain good oral hygiene
(37).

In several studies the use of fiber glass instead of wires has
been described and is frequently in use (27, 37, 42–44). Fiber
glass ribbon is soaked in composite resin and no filler mate-
rial is used. Flexibility can be varied with the numbers of
layers and extension of the splint (27).

Resin splint (e.g. Protemp® and Luxatemp®)

Protemp® and Luxatemp® are multi-phase resin materials
used in temporary prosthetic restorations and for lining pre-
fabricated crowns. Protemp® is chemically cured; whereas
Luxatemp® is dual cured (i.e. chemical and light cured). It
is possible to apply the material in stages, an advantage with
multiple displaced and repositioned teeth (Fig. 32.5). These
materials do not exert forces on teeth during application and
are esthetically and hygienically acceptable. Furthermore,
they have been shown to allow semi-rigid splinting (31).

In a case of missing teeth or in a mixed dentition, where
neighboring teeth are not fully erupted, it is necessary to
span the edentulous area. In these cases, reinforcement is
necessary. This can be accomplished with metal bars, ortho-
dontic wires, nylon lines, glass fibers, or synthetic fibers or
tapes which are presently on the market (e.g. Kevlar®,
Dupont Corp., Fiber-splint®, Polydent Corp., Mezzovico,
Switzerland) and which can fuse with resin. If these are not
available, even paperclips can be straightened out for the
purpose. The material allows some flexibility and the splint
is applied directly to etched crown surfaces.

Prefabricated metal splinting materials

Commercially available dental splints have recently been
introduced. Prefabricated splints made of titanium have
been reported by von Arx and co-authors (37, 44, 45). The
prefabricated titanium trauma splint (TTS) is only 0.2 mm
thick and can easily be bent with fingers and adapted to the
dental arch. Because of the rhomboid design of the splint, it

Fig. 32.1 Displacement of an origi-
nally subluxated left central and lateral
incisors by an Erich’s arch bar (see
arrows).
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Fig 32.2 Application of a wire
composite splint
(Left) Instruments needed. (Right) Loop
of a 0.4mm diameter soft round steel
wire is twisted around the injured and
neighboring teeth. Dental tooth picks
both keep the labial part of the wire to
the mid-portion of the crown and at
the same time decrease papillary
bleeding. It is important to ensure that
the dental tooth picks keep the injured
tooth in a neutral position and do not
displace the loosened teeth. They
should not be used to stabilize the
luxated tooth.

Etching enamel and application
of composite
Only a small area on the mid-portion
of the crown is etched. A small amount
of resin is applied on the surface.
Flowing light-cured composite is
applied with a syringe. Composite is
applied first on non-injured teeth. The
luxated tooth is finally included in the
splint. The position of the tooth is
ensured with finger pressure.

Composite application and 
polymerization
Flexibility of the splint is achieved by
leaving some free wire interdentally.
Wire is cut with a diamond bur at both
distal ends.

Finished splint
(Left) The splint is complete after the
palatal part is removed and sharp
edges of composite polished. (Right)
Final splint from frontal view (upper
view). The splint can be altered from a
flexible into a rigid one by adding com-
posite on the wire and also in the inter-
dental areas as is done here in the
right-hand-sided teeth (lower view).
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Fig. 32.3 An extruded tooth splinted
with a wire-composite splint.

Fig. 32.4 An avulsed tooth splinted
with a wire-composite splint.
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Fig. 32.5 Application of a Luxatemp®

splint
(Left) Instruments needed. (Right) Extruded
central incisors repositioned with finger pres-
sure.

Etching of enamel
The now repositioned incisors are etched
incisally.

Rinsing and application of Luxatemp®

The acid etch gel is rinsed away with saline or
water and air dried, then Luxatemp® is applied
to the laterals and the centrals.

Curing the splint
The resin is immediately cured with UV light.
During this procedure the tooth is kept in situ
with finger pressure. This process is continued
until the four incisors are united with the resin
splint.
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can also be adapted in length. TTS is bonded to enamel with
a light cured composite resin and removed by ‘peeling’ it off
the tooth surface. The splints have been found to be well tol-
erated and cause only slight patient discomfort (45) (Fig.
32.6).

Removable splint

Recently a new type of splint has been described where a
removable splint made of polycarboxylate and polyacrylic
was made after impression taking.

These splints were used in cases where initial reposition
and splinting was not considered optimal, resulting in
occlusal trauma (45). The indications for this splint appear
questionable.

Recommendations for splinting type 
and duration

Length and rigidity of splinting is primarily determined by
the trauma scenario. In the following, various types of
injuries will be described as well as their need for fixation
and fixation period (see Table 32.2).

Extrusion

Extrusive luxation implies rupture of the periodontal liga-
ment fibers. It has been shown that the periodontal ligament
achieves approximately 70% of its original strength 2–3
weeks after injury (6). Thus, extrusion represents a simple
healing scenario and only 2 weeks of splinting is needed to
allow healing of the PDL as well as to keep Hertwig’s epithe-
lial root sheath in immature teeth in position 

adjacent to vital apical tissues to ensure continued root
development (see Chapters 2 and 15). A semi-rigid splint is 
recommended.

Lateral luxation

Traumatic dislocation in a lateral direction often causes
damage to the PDL and bone. Hence the splinting time 
must be longer than for extrusively luxated teeth in 
which the alveolar socket is intact. In these cases a semi-rigid
splint should be used for 4 weeks. Before removal of a 
splint a radiograph should be taken. If there are radi-
ographic signs of periodontal breakdown, additional 
splinting time is necessary (usually 3–4 weeks) (see also
Chapter 15).

Intrusion

Intrusive luxation causes serious damage to the alveolar
socket. If the tooth is surgically repositioned, the splinting
time must be long enough to support the tooth during
remodelling of the bony socket, a process which normally
takes 6–8 weeks (see also Chapter 16). To prevent perma-
nent ankylosis a semi-rigid splint should be used.

Avulsion

The duration of splinting is dependent upon the extent and
nature of additional damage to the socket (fracture).
Replantation into an intact alveolar socket requires a splint-
ing period of no longer than 7–10 days to prevent ankylosis
(see Chapter 17). In cases with incomplete eruption a suture
placed over the incisal edge can provide adequate support
for an avulsed replanted tooth (34).

A

C

B

D

Fig. 32.6 Construction of a Titanium
Trauma Splint (TTS) (Mediartis AG,
Switzerland). This is available in two
lengths of 51 and 100mm (A). The TTS
is cut to the desired length with a pair
of scissors (B). Since the TTS is only 0.2
mm thick, it can be easily bent with the
fingers (C). A well adapted TTS is char-
acterized by only small amounts of
composite placed into the rhomboid
openings (D). (Courtesy of Dr. von Arx,
Berne, Switzerland).
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Autotransplantation

Autotransplantation can be considered a well-controlled
avulsion, but differs in the initial instability due to the
expanded socket. In autotransplanted teeth, healing usually
takes place without ankylosis and with complete pulp revas-
cularization. A suture placed across the occlusal surface is
usually sufficient and has been found to lead to significantly
better pulp and periodontal healing than a rigid splint (11,
21).

Root fracture

Root fractures can be located in the apical, middle or cervi-
cal third of the root. Displacement of the coronal fragment
can be classified as concussion, subluxation, extrusion and
lateral luxation (see Chapter 12). Root fractures in the apical
third of the root and without coronal fragment displace-
ment do not normally require any splint.

In the past, root fractured teeth have been stabilized by a
variety of splints, such as cap splints, orthodontic appli-
ances, bonded metal wires, composites and fiber-glass
splints.

Previous recommendations of rigid, long-term splinting
for all root fractures have been questioned in recent studies
(41, 46, 50). It has been shown that splinted and non-
splinted teeth did not differ in outcome of treatment, i.e.
whether the healing takes place by hard tissue union, inter-
position of connective tissue and/or bone or no healing (see
Chapter 12). The type of splinting – cap splint or wire-com-
posite splint – does not influence outcome either in trans-
verse or in oblique cervical root fractures (41). Based on
controversial results in recent studies, it has been recom-
mended to splint root fractures located at mid-root for 4
weeks (47). In cervical root fractures, a longer splinting time
might be indicated. However, a recent study could not
demonstrate an effect in healing pattern (41).

Alveolar bone fractures

The principles of treatment of alveolar fractures are related
to the treatment of both jaw fractures and tooth luxations.
After proper repositioning, splinting is assumed to support
both PDL and bone healing. Fixation should be semi-rigid
or rigid and the splinting period 4–6 weeks.

Splinting in primary dentition

In most cases, splinting of luxated primary teeth is not pos-
sible due to lack of patient cooperation. In the case of alve-
olar or mandibular fractures, a resin or a cap splint is
indicated. The cap splint should be cemented only on non-
traumatized teeth, leaving the injured teeth free within the
splint in order not to damage them when the splint is
removed (48, 49).

General comments

Gingival fibers heal within one week, which is enough to
provide some stability. Where ankylosis may be a problem
(avulsions), a short fixation period may in some cases
prevent permanent ankylosis (see Chapter 17).

In cases where ankylosis is not a significant risk, a fixation
period of 2–3 weeks is indicated. During the splinting
period, it is essential that good oral hygiene be maintained.
Careful toothbrushing and rinsing with chlorhexidine are
recommended. When there is an associated injury to the
bone, an additional 1–2 weeks is indicated. If remodeling of
the socket takes place (e.g. following crushing injuries, as
after intrusions and lateral luxation), 6–8 weeks of splinting
may be required. Concerning length of the splint (number
of adjacent teeth), mobility tests have shown that there is no
need to extend the splint to more than one non-injured
adjacent tooth to the injured tooth (39).

Essentials

Splinting may negatively influence:

• Gingival healing
• Periodontal healing
• Pulp healing

Splinting properties

• Flexible and semi-rigid: optimal for pulp and periodontal
healing

• Rigid: to be used in cervical root fractures and replanta-
tion of teeth after PDL removal and fluoride treatment.

Table 32.2 Fixation periods after various dental injuries. In multiple injuries, the length and rigidity is chosen according to the injury which requires 
the longest or the most rigid fixation.

Type of injury Extrusive Lateral Intrusive Avulsion Root fracture Root fracture Alveolar
luxation luxation luxation in the cervical in the middle fracture

third or apical third

Fixation period 2 weeks* 4 weeks* 6–8 weeks 1–2 weeks 4 months 4 weeks 4 weeks
Type of fixation Flexible Flexible Flexible Flexible Rigid Flexible Flexible

* Fixation period following lateral luxation starts at 4 weeks, but might be increased, depending upon healing of marginal bone. (See Chapter 15.)
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Splinting types

a. Suture splint
b. Arch bar
c. Orthodontic appliances
d. Composite
e. Wire-composite
f. Resin
g. Metal(TTS)splint

Splint types e, f and g appear to be the most versatile in
dental traumatology.

Splinting periods

• Extrusive luxation: 2 weeks
• Lateral luxation: 4 weeks
• Intrusive luxation: 6–8 weeks
• Avulsion: 1–2 weeks
• Root fracture; middle or apical third: 4 weeks
• Root fracture; cervical third: 3 months
• Alveolar fracture: 4 weeks
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This chapter focuses on the treatment of discolored trau-
matized teeth, most of them being non-vital and subse-
quently, endodontically treated. Tooth bleaching based upon
hydrogen peroxide as the active agent, applied directly or
produced in a chemical reaction from sodium perborate or
carbamide peroxide, must be regarded as the treatment of
choice, alone or preceding a prosthetic restoration. More
than 90% immediate success has been reported for intra-
coronal bleaching of non-vital teeth, but in a period of 1–8
years after treatment, 10–40% of the initially successfully
treated teeth needed retreatment (see p. 855).

Etiology of discoloration

Discoloration of the traumatized tooth is a consequence of
pulpal response to the trauma (1). The dark staining of non-
vital teeth is caused by deposition of blood degradation
products or necrotic pulp tissue in the dentinal tubules 
(2, 3). Formation of tertiary dentin may be an effect of pulp
inflammation, and the dentin sclerosis affects the light-
transmitting properties of the tooth resulting in a gradual
darkening of the tooth. Trauma to the primary dentition
may also damage the developing tooth that erupts discol-
ored due to disturbances of matrix deposition and mineral-
ization (4). These types of discoloration are termed intrinsic
(1) and may be exaggerated by extrinsic discoloration from
aging, coffee, tea, red wine, carrots, oranges and tobacco 
(1, 5).

Medicaments

Historical overview

The first publication on bleaching of discolored, pulpless
teeth appeared in 1864 (6) and, since then, medicaments 
such as chloride, sodium hypochlorite, sodium perborate and
hydrogen peroxide, have been used, alone, in combination,

and with and without heat activation (7). In the walking
bleach technique that was introduced in 1961, the bleaching
was performed between the visits (8). A mixture of sodium
perborate and water was placed in the pulp chamber that
was sealed off between the visits. The method was later mod-
ified replacing the water with 30–35% hydrogen peroxide to
improve the whitening effect (9). The use of carbamide per-
oxide for bleaching teeth was first published in 1989 (10)
and was based on an observation made in the late 1960s by
an orthodontist who had prescribed an antiseptic contain-
ing 10% carbamide peroxide to be used in a tray for the
treatment of gingivitis and found tooth lightening as an
additional effect of the treatment (11).

Today’s medicaments and their mode of action

Tooth bleaching today is based upon hydrogen peroxide as
the active agent. Hydrogen peroxide may be applied directly,
or produced in a chemical reaction from sodium perborate
(12) or carbamide peroxide (13). Hydrogen peroxide is a
strong oxidizing agent through the formation of free radi-
cals (14), reactive oxygen molecules, and hydrogen peroxide
anions (15). These reactive molecules attack the long
chained, dark colored chromophore molecules and split
them into smaller, less colored and more diffusible mole-
cules. Carbamide peroxide also yields urea (13) that theo-
retically can be further decomposed to carbon dioxide and
ammonia. It is, however, unclear how much ammonia will
be formed during tooth bleaching using carbamide perox-
ide. The high pH of ammonia facilitates the bleaching 
procedure (16). This can be explained by the fact that in a
basic solution, lower activation energy is required for the
formation of free radicals from hydrogen peroxide, and 
the reaction rate is higher resulting in an improved yield
compared to an acidic environment (15). The outcome of
the bleaching procedure depends mainly on the concentra-
tion of the bleaching agent, the ability of the agent to reach
the chromophore molecules, and the duration and number
of times the agent is in contact with chromophore 
molecules.
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Toxicity of bleaching agents

In animal experiments, exposure of the gingiva to 1% hydro-
gen peroxide for 6–48 hours resulted in epithelial damage
and acute inflammation in the subepithelial connective
tissue (17). Long-term application of 3% or 30% hydrogen
peroxide in the hamster cheek pouch twice weekly resulted
in inflammatory changes (18). In clinical trials using 10%
carbamide peroxide in custom made trays, 25–40% reported
gingival irritation during the treatment (19, 20).

A single dose of carbamide peroxide in rats induced a
concentration dependent toxic reaction, including respira-
tory depression, reduced weight gain and water consump-
tion, changes in estrous cycle, and, at necropsy, histological
abnormalities of the stomach as ulceration, necrotic mucosa
and disrupted gastric glands (21–23). Long term adminis-
tration of hydrogen peroxide has resulted in deleterious
localized effects on the gastric mucosa, decreased food 
consumption, reduced weight-gain, and blood chemistry
changes in rats (24), and the formation of small duodenal
mucosal hyperplasias in catalase deficient mice that seemed
to be reversible during a 6-week recovery period (25). Cata-
lase is a scavenger of reactive oxygen species, and long-term
exposure to hydrogen peroxide reduced the plasma catalase
levels significantly in rats (26). These results (25, 26) indi-
cate that the toxicity of hydrogen peroxide is mediated
through the formation of oxygen radicals.

Several studies of DMBA carcinogenesis in mice skin and
hamster cheek pouch indicate that hydrogen peroxide may
act as a tumour-promoter (18, 27). In an evaluation of the
genotoxic potential of hydrogen peroxide in oral health
products, it was concluded that oral health products con-
taining or releasing hydrogen peroxide up to 3.6% hydrogen
peroxide were unlikely to enhance the cancer risk in indi-
viduals except those that have an increased risk of oral
cancer due to tobacco use, alcohol misuse or genetic predis-
position (28). This is in line with statements from the Inter-
national Agency for Research on Cancer that found limited
evidence in experimental animals and inadequate evidence
in humans for the carcinogenicity of hydrogen peroxide
(29). The chemicals used for tooth bleaching have a toxic
potential, and accidental ingestion may occur (30).
However, based upon the amount of the chemicals used for
the treatment of single tooth or few teeth that is the most
likely situation in a trauma case, this treatment seems to rep-
resent little risk to the patient.

Effects of bleaching agents on restorations

This has been reviewed recently (31) and it was unclear if
the reported changes in surface structure caused by bleach-
ing agents were of any clinical significance. The bond
strength between enamel and resin based fillings was
reduced in the first 24 hours after bleaching (32). This was
explained by the presence of hydrogen peroxide residuals in
the enamel that inhibit the polymerization of resin-based
materials and thus reduce the bond strength. The length of
time in which these radicals inhibit the polymerization is a

matter of controversy. Lag time from 24 hours (32, 33) up
to 1–3 weeks (34, 35) has been suggested to obtain the best
bond strength.

Intracoronal bleaching

Methods

Intracoronal bleaching is a conservative alternative to more
invasive esthetic treatment of non-vital discolored teeth
(Fig. 33.1). Several aspects of the methods have been
reviewed recently (3, 30, 36). Careful examination of the

Fig. 33.1 Internal bleaching – the walking bleach method. Sketch of a
tooth where internal bleaching is being carried out. Arrows at root-filling
material (gutta-percha) (1), coronal seal of the root-channel (e.g. IRM® or
Cavit®) or glass ionomer cement (2), bleaching agent (sodium perborate
suspended in water) (3), and temporary seal (e.g. IRM®-cement or Cavit®)
(4). If the root is discolored it is necessary to remove 2–3mm of the root
filling material from the cervical part of the root canal. The depth can be
estimated by measuring the distance between the incisal edge of the tooth
to a level about 2–3mm below the buccal gingival margin. The method
is further described in Table 33.1.
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lightened artificially stained teeth to the same extent after 7
days with a somewhat better result for 35% carbamide per-
oxide gel after 14 days (40). In the same study, sodium
perborate-treated teeth lightened significantly less. The cited
in vitro studies showed that sodium perborate in water,
sodium perborate in 30% hydrogen peroxide, and 10–35%
carbamide peroxide all were efficient in the bleaching non-
vital teeth. This conclusion is based on results from bleach-
ing artificially stained teeth and that the clinical situation
may give a different outcome.

Esthetic results

The evaluation of the esthetic outcome of a bleaching treat-
ment is subjective, and the patient may have a different
opinion than the dental surgeon (49). In addition, different
terms and definitions of the outcome have been applied,
which make comparisons between studies difficult (38, 49,
50). Immediate treatment success has usually been defined
as no or slight deviation in color between the treated teeth
and the neighboring teeth (Figs 33.2–33.4). More than 
90% immediate success rates have been reported using the
thermo-catalytic method (7) or the conventional ‘walking
bleach’ procedure (38). To evaluate the long-term esthetic
results of internal bleaching, a determination of treatment
failure rate may be useful. Failure was, however, not defined
in the different long-term studies (38, 49–51), but the intu-
itive definition is teeth that need to be retreated. The need
for retreatment increased with the observation time, 10%
after 1–2 years (50), 20–25% after 3–5 years (38, 51) and
40% in teeth observed up to 8 years (50) (Fig. 33.4). In a
more recent study the failure rate was reported to be 7%
after 5 years, but the majority of cases in this study were
defined as ideal for bleaching (no other filling than the
palatinal endodontic opening) (50). In a study of tetracy-
cline-stained teeth that were endodontically treated, inter-
nally bleached and followed for 3–15 years, 4 out of 20
patients needed re-treatment (52). At present, there is no
good predictor for the long-term outcome of internal
bleaching, but for the recommendation that teeth with many
fillings are not suitable for the procedure (7, 49).

Adverse effects

A review of published case reports on cervical root resorp-
tion has revealed 28 such cases following internal bleaching
(3, 30) (Figs 33.5 and 33.6). A majority of these cases
involved teeth with a history of trauma, and trauma has
been regarded as a risk factor for development of cervical
root resorption after internal bleaching (53). The occurrence
of cervical root resorption has also been evaluated in clini-
cal studies. Fifty-eight bleached pulpless teeth (30% H2O2

and heating) were followed for 1–8 years, and 4 cases (7%)
of external root resorption were observed (50). A study of
204 teeth treated with a combination of thermo-catalytic
and ‘walking bleach’ techniques with an observation time of
1–19 years revealed 4 teeth with cervical resorption and all
these had a history of trauma (54). Another 95 teeth 

teeth is necessary, as the method requires root canal that is
properly obturated to prevent the bleaching agent from
reaching the periapical tissues (37). In addition, it is sug-
gested to remove any residual caries and restorations from
the pulp chamber and to have a healthy periodontal tissue
(37). Both hydrogen peroxide and sodium perborate have
been used, and various heat sources have been applied to
speed up the reaction and improve the bleaching effect (7).
A combination of sodium perborate and water (8, 38) or
hydrogen peroxide (9) has been employed in the ‘walking
bleach’ (Fig. 33.1) technique. As an alternative, carbamide
peroxide has been evaluated (39, 40). The medicament is
placed into the pulp chamber, sealed, and left for 3–7 days;
thereafter it is replaced regularly until acceptable lightening
is achieved. If the tooth has not responded satisfactorily after
2–3 treatments, the ‘walking bleach’ technique can be sup-
plemented with an in office bleaching procedure (37). The
treatment may continue until an acceptable result is
obtained. A modification of the method that reduces the
number of in-office appointments has been suggested (41,
42). Access to the pulp cavity is gained, and the root filling
is sealed off with a glass ionomer filling. The patient places
the bleaching agent, usually 10% carbamide peroxide, intra-
coronally with regular intervals and covers the lingual aspect
of the tooth with a plastic splint. By this method the pulp
chamber is left unsealed during the weeks of treatment. If
the seal of the root-filling is insufficient the periapical tissue
may be contaminated leading to endodontic treatment
failure. Bleaching agent left due to insufficient rinse of the
sticky gel could be ingested, and intracoronal dentin is sub-
jected to discoloration from pigments in food or beverage.
The saved chair-side time using this bleaching method does
not compensate for the adverse biological consequences.

Efficacy

The efficacy of the different medicaments used for internal
tooth bleaching has been evaluated in vitro on artificially
stained teeth. The outcome of the ‘walking bleach’ method,
the thermo-catalytic method, and a combination of the 
two methods using sodium perborate in 35% hydrogen 
peroxide and 35% hydrogen peroxide was compared and 
no difference was observed between the methods and
medicaments (43). The results for sodium perborate in 30%
hydrogen peroxide were superior to those of sodium 
perborate in water (93% versus 53% of the artificially
stained and bleached teeth recovered their initial shade) 
(44, 45). Other studies found no difference in the bleaching
efficacy using sodium perborate mixed with 30% hydrogen
peroxide, sodium perborate mixed with 3% hydrogen per-
oxide, or sodium perborate mixed with water (46–48).
Increased lightening of the teeth was observed with longer
bleaching time. The immediate results after intracoronal
bleaching with 10% carbamide peroxide was better than
sodium perborate in 30% hydrogen peroxide, but the final
outcome after 3 treatments over 14 days was in favor of
sodium perborate in 30% hydrogen peroxide (39). Both
35% carbamide peroxide gel and 35% hydrogen peroxide gel
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examined three years after treatment, using the walking
bleach technique (sodium perborate in water), revealed no
cervical resorption (38). In a four-year follow-up of 250
teeth with severe tetracycline discoloration using sodium
perborate in oxygen-water as the bleaching agent, no evi-
dence of external resorption was found (55). An analogous
study comprising 112 teeth bleached with a paste of sodium
perborate in 30% hydrogen peroxide and observed for 3–15
years, reported no external root resorption (52).

High concentration of hydrogen peroxide in combination
with heating seems to promote cervical root resorption 

(50, 54), in line with observations made in animal experi-
ments (56–58). The underlying mechanism for this effect is
unclear, but it has been suggested that the bleaching agent
reaches the periodontal tissue through the dentinal tubules
and initiates an inflammatory reaction (59). It has also been
speculated that the peroxides by diffusing through the denti-
nal tubules denature the dentin, and once denatured, the
dentin becomes an immunologically different tissue and is
attacked as a foreign body by the periodontal tissue (60).
Frequently, the resorption was diagnosed several years after
the bleaching (50, 60). In vitro studies using extracted teeth
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Fig. 33.2 Long time result of
internal bleaching. A. Central
incisor in a 21-year-old woman
had been endodontically treated 6
years earlier due to trauma. A dis-
coloration was visible immediately
after the endodontic treatment,
which subsequently became more
intense. B. Result after 3 weeks of
internal bleaching with sodium
perborate suspended in water and
a weekly change of bleaching
agent. C. 5 yrs after bleaching. A
slight discoloration is visible, and
no re-treatment was necessary. D.
Condition after 8 years. E. 10 years
after bleaching. Recurrence of the
discoloration is visible and the
patient was re-treated. F. 10 years
after initial bleaching the tooth
was re-bleached for 2 weeks to a
satisfying color.

A B

Fig. 33.3 Internal bleaching. Result
of bleaching with sodium perborate
and water. A. Conditions before
bleaching. B. A successful aesthetic
result after 3 weeks of bleaching.
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showed that hydrogen peroxide placed in the pulp chamber
penetrated the dentin (61). Heat and cervical defects of the
cementum increased the penetration (62–64). Hydrogen
peroxide also increased the permeability of dentin (65),
which may enhance the effects of hydrogen peroxide by
repeated exposures. Most cases of cervical resorption of

internally bleached teeth are associated with trauma to the
tooth. It seems also that the use of thermo-catalytic bleach-
ing procedure may constitute risk factor for the develop-
ment of cervical resorption.

Tooth crown fracture has also been observed after inter-
nal bleaching (66) most probably due to extensive removal

A

B

C

Fig. 33.4 Examples of different aes-
thetic results after internal bleaching
with sodium perborate. Conditions
before and 3 years after bleaching. A.
Good aesthetic result. B. Acceptable
aesthetic result. C. Unacceptable aes-
thetic result.

0 d 2 mo 4   yr2–
1 4   yr2–

1 5   yr2–
1

Fig. 33.5 Inflammatory root resorption after internal bleaching. Central incisor was bleached with 30% hydrogen peroxide and a light beam from a
heat producing lamp. The tooth had previously suffered a luxation injury with subsequent pulp necrosis and root filling. Extensive cervical inflammatory
root resorption is seen 1 year after bleaching. From CVEK & LINDVALL (59) 1985.
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of the intra-coronal dentin. In addition, internal bleaching
with 30% hydrogen peroxide has been found to reduce the
micro-hardness of dentin and enamel (67), especially when
the thermocatalytic method was applied (68), and to weaken
the mechanical properties of the dentin (69).

External tooth bleaching

External tooth bleaching may be performed as the only
treatment of the discolored traumatized tooth or com-
plementary to internal tooth bleaching. The different
approaches for tooth whitening relevant for such treatment
are: (a) dentist administered bleaching – using high con-
centration of hydrogen peroxide (35–50%) or carbamide
peroxide (35–40%) often supplemented with a heat source,
and (b) dentist supervised bleaching – by means of a bleach-
ing tray loaded with high concentration of carbamide per-
oxide (35–40%) that is placed in the patient’s mouth for 30
minutes to 2 hours while the patient is in the dental office
(70). The efficacy for treating discolored traumatized teeth
has not been evaluated for these methods. Care must be
taken to secure bleaching only of the traumatized teeth to
prevent persisting color mismatch to the other teeth.
Recently, a combination of irradiation and tooth bleaching
agent has been introduced to improve the efficacy of in-
office bleaching (71, 72). The immediate results of this
method could favor the additional use of light/heat activa-
tion; however, the difference to teeth treated with bleaching
agents without light/heat activation was insignificant after 6
months (73).

Clinical recommendations

Based on the literature, bleaching of discolored traumatized
teeth must be regarded as a safe and predictable biological
treatment in most cases. Unquestionable contraindications

4 yr 6 yr 7 yr 8 yr 14 yr

Fig. 33.6 Ankylosis after bleaching. A discolored central incisor crown was bleached with 30% hydrogen peroxide. After the first bleaching a cavity
with arrested resorption was seen cervically (arrow). After the second series of bleaching 2 years after, a slowly progressing root resorption associated
with ankylosis developed in the cervical part of root. From CVEK & LINDVALL (59) 1985.

for bleaching the endodontically treated tooth are unhealthy
periodontal tissue, insufficient root filling or a heavily
restored tooth. Although the bleaching procedure may need
to be repeated over the years, retreatment will also be nec-
essary for more invasive and expensive treatments such as
laminates or full-crowns after some years of service. There-
fore, bleaching should be the initial treatment in both young
and old patients, when a discolored, endodontically treated
tooth needs esthetic improvement. Bleaching may be per-
formed alone or as a supplement to composite or ceramic
restoration of the injured tooth.

When discoloration is caused by degradation of necrotic
material in the pulp chamber, internal bleaching should
always be the treatment of choice. External bleaching only
cannot be recommended, as this method gives the bleach-
ing agent less favorable access to the discolored dentin. An
example of a recommended protocol for internal bleaching
– the ‘walking bleach’ method – where focus is put on proven
efficacy and minimizing side effects, is shown in Table 33.1
and Fig. 33.1. If this method does not lead to a satisfactory
result for the patient, it may be supplemented with in-office
bleaching, both internally and externally. A recommended
protocol for in-office bleaching as a supplement to walking
bleach method is shown in Table 33.2.

In teeth with obliterated pulp chambers, the discoloration
is not caused by pigments from blood degradation products,
but as result of the light transmitting properties of thick
dentin, known from yellow canines, and a successful and
long-lasting effect of bleaching cannot be expected. Chro-
mophore molecules may, however, be present in the super-
ficial layers of the enamel. External in-office bleaching may
thus give a minor effect provided the neighboring teeth are
not bleached. To obtain this, the adjacent teeth have to be
protected by rubber dam during the bleaching. The proce-
dure in Table 33.2 may be used, omitting the internal place-
ment of the bleaching agent. Long-lasting esthetic treatment
of obliterated teeth is seldom possible to obtain without
invasive treatment such as thick porcelain veneer or full
crown.
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The use of high percentages of hydrogen peroxide in
bleaching procedures may impair the mechanical properties
of dentin.

Prognosis

The need for retreatment increases with observation time:

• 1–2 years: 10%
• 3–5 years: 20–25%
• 6–8 years: 40%
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Essentials

Indications

Bleaching of discolored endodontically treated teeth can be
regarded as a safe and predictable biological treatment in
most cases.

Efficacy

Internal bleaching has up to 90% immediate success.

Precautions

Thermo-catalytic bleaching may constitute a risk factor for
the development of cervical root resorption.

Table 33.1 Recommended protocol for internal bleaching – the walking
bleach method – with focus on proven efficacy and minimizing side
effects.

Steps Comments

Radiographic control To secure healthy periodontium and 
complete root filling.

Opening To all areas of the pulp chamber and 
pulp horns. Discolored dentin should
not be removed. The superficial layers 
of old approximal restorations can be 
left in place, but must be non-leaking,
and replacement due to lack of color 
match may be necessary after bleach.

Coronal seal of root The entrance to the root channel is 
filling normally sealed off with a thin and 

tight layer of temporary cement 
(IRM®, Cavit®) or glass ionomer 
cement. If the root is discolored and 
needs bleaching, it is necessary to 
remove 2–3mm of the coronal gutta-
percha in the channel.

Preparation of the The smear layer is removed by 
pulp chamber phosphoric acid-etch for 10 seconds,

followed by water spray and 
dehydration with air and ethanol.

Bleaching agent The pulp chamber is filled with a thick 
mix of sodium perborate and water,
excess water is soaked by cotton 
pellets, and the mix is condensed by 
e.g. an amalgam condense.

Temporary seal A 2mm layer of Cavit® or IRM® cement 
(thick consistence) is pressed into 
undercuts and towards the clean 
cavosurface margin.

Bleaching time The bleaching agent is changed weekly 
2–4 times, until the tooth is slightly 
lighter than the adjacent teeth.

Restoration of the cavity The cavity is filled with a dual cured 
white shaded resin material bonded 
to the tooth structure. The white color 
may lighten the tooth further and 
makes it possible to distinguish 
between dentin and resin material if 
re-treatment becomes necessary. The 
enamel part of the cavity is filled with 
a tooth colored light-cured resin 
material. It is recommended to have 
the final restoration placed 1–3 weeks
after completion of the bleaching.

Table 33.2 A short protocol for in-office bleaching as a supplement to
walking bleach of the discolored endodontically treated tooth, with focus
on minimizing side effects and proven efficacy. Indication for this treat-
ment is teeth where discoloration remains after 3–4 weeks of walking
bleach procedure according to Table 33.1.

Steps Comments

Protection of the patient Gingival tissue and adjacent teeth are 
covered with a well fitting rubber 
dam, and the patient is told to report 
pain from the gums during bleaching.
The patient’s eyes are shielded with 
safety glasses.

Pre treatment The pulp chamber and tooth surface is 
cleaned and dried with air and 
ethanol. No acid etch is used.

Bleaching agent 25–40% hydrogen peroxide or 
35–40% carbamide peroxide gel is 
applied to the tooth internally and 
externally. Heating or light device is 
not recommended.

Bleaching time Bleaching agent is changed every 
10–15min. The procedure is 
continued 1–11/2 hour and may be 
repeated after 1–2 weeks.

Restoration of the cavity See Table 33.1.
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Traumatic dental injuries (TDI) frequently occur, especially
in childhood and adolescence, with consequences for time
and cost (1–6). Though increased research during recent
decades has enhanced our knowledge of clinical and bio-
logical aspects of tooth and bone healing, the knowledge of
spent resources in time and costs on dental trauma has been
given little attention. Until now only a few population based
studies from Scandinavia, including urban and rural popu-
lations treated by hospital and public dental health clinics,
have addressed this matter (1–4, 7–10). TDI often affects dif-
ferent tissues in a young and growing individual. Thus, long,
time-consuming and costly treatments in childhood will
often continue into adulthood.

Costs of traumatic dental injuries

In a prospective and longitudinal study carried out in
Sweden, a total cost (including direct and indirect costs) of
US$ 3.3–4.4 million was estimated per million individuals
per year in the age interval 0–19 years (4). In Denmark, the
annual cost of treatment of TDI ranges from US$ 2–5
million per million inhabitants per year irrespective of age
(11). Health care service costs and total costs of the emer-
gency visit and for each subsequent visit in Sweden is pre-
sented in Table 34.1. The results indicate that the emergency
visit is the most expensive visit concerning both health care
service cost and total costs. This probably depends on the
character of the emergency visit (unplanned) and also the
involvement of parents or other companions, compared
with subsequent visits.

Degree of severity

To calculate resources spent on TDI on a population basis,
relevant information must be presented in a simple and rep-
resentative manner. One of the most important pieces of
information is the severity of the injury, e.g. whether the
injury is uncomplicated or complicated. An injury should be
regarded as complicated when there is an increased risk of

complications (e.g. pulp necrosis or root resorption) such as
when the pulp has been exposed by fracture or the peri-
odontal membrane has been injured by dislocation of the
tooth (12–15) (Fig. 34.1). Thus, each traumatic episode
should be grouped according to the most severe diagnosis
(9, 16–17), for example a tooth with intrusion and crown
fracture without pulpal exposure should be grouped as a
tooth with intrusion alone (10–11, 18). If there has been
more than one traumatic episode, all episodes should be
grouped according to the most severe episode (1). The clas-
sification into degree of severity (16, 19), and into uncom-
plicated and complicated traumas (1–4, 6, 10–11, 18, 20) has
been used earlier. Studies have shown that a complicated
trauma, especially to permanent teeth, is of major signifi-
cance with respect to time and costs (1–3, 6, 10–11).

Estimated average health care service costs for uncompli-
cated and complicated traumatized primary and permanent
teeth are shown in Table 34.2. The results from Glendor 
et al. (3) are presented per injured patient during a period
of two years in the age interval 0–19 years, while Borum and
Andreasen (11) presented their results per injured tooth
during a period of 11 years irrespective of age, and Wong
and Kolokotsa (6) during a median number of eight visits
in the age interval 7–18 years. Despite differences in mate-
rial and methodology between these three studies, it is clear
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Table 34.1 Health care service cost and total costs in US$ in Sweden of
the emergency visit and mean cost of subsequent visits of TDI to primary
and permanent teeth in the age interval 0–19 years. From GLENDOR
et al. (2, 3) 2000, 2001.

Dentition Type of costs Emergency Per
visit ($) subsequent

visit ($)

Primary Health care 42 35
service cost

Total costs1 85 75
Permanent Health care 81 54

service cost
Total costs1 133 81

1 Total costs include direct and indirect costs (for definition see How to
present costs, p. 865).
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that complicated traumas to permanent teeth are the most
expensive. The average treatment costs in Denmark and
Sweden correspond well, taking into account that in the
Swedish study more than one tooth could have been injured
per patient during a shorter period with an increase of costs,
and that in the Danish study there were probably several re-
treatments per injured permanent tooth throughout child-
hood, adolescence and adulthood. In the Danish study this
was a ‘pessimistic’ estimate. Treatment costs also differ
according to treatment regimens thus most treatments in
Denmark were performed at the hospital trauma center
(University Hospital, Copenhagen), in the United Kingdom
at a dental hospital, and in Sweden both public dental health
clinics and specialist clinics in hospitals were involved.

Borum and Andreasen (11) calculated the final treatment
(health care service) costs for traumatized primary and per-
manent teeth in Denmark (Table 34.3). Treatment costs for
TDI to primary and permanent teeth vary between denti-
tions and type of injuries. The acute trauma treatment
(health care service cost) of both primary and permanent
teeth correspond well with the results from Sweden (see
Table 34.1).

Sports injuries are expensive

TDI in sports can be very expensive. A conservative estimate
of the minimum initial cost per dentist’s referral for treat-
ment of a serious dental injury in sport is US$ 1000 (21).
Lifetime dental costs of total tooth avulsions have been esti-
mated at US$ 10 000–15 000 per tooth (22). Lang et al. (23)

interviewed members of amateur and semi-professional
handball leagues regarding their opinion of life-long subse-
quent costs for a lost front tooth. The figures varied sub-
stantially. On the average, estimates amounted to US$ 10 689
in Germany and US$ 5373 in Switzerland.

Time and costs

Resources spent on TDI can be presented in time and costs.
The difference between time and costs is that time could be
regarded as ‘universal’ for most countries, given the same
type of treatment, while costs depend on each country’s own
market. In some countries treatment costs can be regarded
as high, while in others they appear to be moderate. The dif-
ference can be due to different welfare systems. Another
problem is that it is difficult to present relevant information
regarding costs for both patient and society with respect to
time. To overcome this, treatment time is more suitable for
comparing resources spent both within and between coun-
tries. After comparison between countries, time can again be
translated to costs for comparison within a country. In
Sweden, for example, health care service costs of TDI were
found to represent 65% of total costs for the treatment of
permanent teeth and 48% for primary teeth respectively,
compared to 16% and 11% respectively for treatment time
(2, 3). The difference is due to the fact that health care
service costs, despite shorter time, are more expensive than
companions’ costs from loss of production or leisure.

A B

Fig. 34.1 Uncomplicated (A) and complicated (B) trauma injuries.

Table 34.2 Estimated average treatment costs in US$ to uncomplicated and complicated traumatized primary and permanent teeth.

Authors Year Country Uncomplicated Complicated

Primary Permanent Primary Permanent
dentition dentition dentition dentition 
($) ($) ($) ($)

Glendor et al. (3) 2001 Sweden 68 200 114 606
Borum & Andreasen (11) 2001 Denmark ‘Standard’ estimate1 60 110 200 926

Pessimistic estimate2 420 1490
Wong & Kolokotsa (6) 2004 UK Permanent incisor: 8583

1 Survival of the tooth and pulp, and restoration with composite, 2 Pulp extirpation or endodontic treatment, including fixed restoration or extractions,
3 £1 = US$ 1.65 (in year 2003).
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A Canadian study has presented treatment time and cost
of permanent incisor replantation during one year (5).
Mean treatment time per individual was estimated to be 7.2
hours in the first year and the approximate cost was CAD$
1465 (1US$ = 1.5CAD$ in year 2000). The mean first year
cost of a replantation/extraction case including interim
prosthesis was CAD$ 1780. Ninety per cent of patients and
86% of parents reported loss of school and work time. Wong
and Kolokotsa (6) have estimated the average cost for treat-
ing a patient with a traumatized  incisor to be US$ 858,
taking into account an average of eight visits (Table 34.2).

When the cost of the parents accompanying the child to
receive treatment was considered, this cost increased to US$
1412.

The differences between costs presented in many studies
are due to the difference in local costs and also in popula-
tion material. Some studies presenting costs for TDI are
population based (3, 7–10), while others are hospital based
(5–6, 11). The main reason for the high costs in hospital
clinics is probably related to the fact that those clinics often
receive complicated dental trauma cases on a 24 hour basis,
and are also often teaching clinics.

Resources presented in time

Patients with complicated injuries to the permanent denti-
tion have been shown to stay in treatment over a long time,
whereas patients with uncomplicated injuries finish treat-
ment more quickly (2). In Fig. 34.2, total time is stratified
according to severity of trauma for patients with TDI 
to permanent teeth. The proportion of patients remaining
in treatment for a two-year period following initial 
trauma is shown for uncomplicated and complicated
trauma.

In Table 34.4 treatment time and number of visits per
individual of complicated traumatic injuries to the primary
dentition is much higher than for uncomplicated trauma.
This is because treatment of uncomplicated injuries to
primary teeth consists primarily of information and follow-
ups, while, beyond information, surgery (extraction), some-
times including sedation and follow-ups, is often the result
in complicated injuries. In the permanent dentition, treat-
ment time and number of visits increase significantly when
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Fig. 34.2 Total time for permanent
teeth, stratified according to severity of
trauma. Proportion of patients remain-
ing in treatment for the two-year
period following initial trauma is
shown for uncomplicated trauma (n =
86) ----, and for complicated trauma (n
= 37) —. Censored observations = +.
From GLENDOR et al. (2) 2000.

Table 34.3 Estimated final treatment costs in US$ for traumatized
primary and permanent teeth in Denmark treated at a major trauma
center. From BORUM & ANDREASEN (11) 2001.

Estimated cost per tooth ($)

Primary dentition
Acute trauma treatment 60*
Extraction of primary tooth 35

Permanent successor
Composite resin 50
Crown treatment 700**
Tooth replacement 2200***

Permanent dentition
Acute trauma treatment 60
Composite resin 50
Crown or veneer 700**
Endodontics + crown restoration 1000**
Tooth replacement 2100***

* The estimated yearly cost of running the trauma center divided by the
average no. of injured teeth treated per year. ** In this amount one com-
posite resin restoration prior to final treatment is included. *** Average
of implant ($2900), conventional bridge ($2400) and resin-bridge ($1000)
(Andreasen (62) 1992).
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the injury is complicated, with a spectrum of various ther-
apies and follow-ups, compared to uncomplicated injuries,
where restorations and follow-ups dominate (1). The
number of follow-ups in uncomplicated injuries to perma-
nent teeth is probably higher than needed with respect to
the low risk of complications. A lower number of follow-ups
could be considered when planning treatment (1, 10).
Almost 50% of all different treatments for TDI to primary
teeth are performed in connection with non-trauma-related
dental treatment, but only less than 30% for permanent
teeth (1). This reflects the unique character of treatment of
traumatic injuries to permanent teeth.

Treatment time in permanent dentition has also been
found to increase if the first injury occurred before the age
of 11 (10). This conclusion, coupled with the fact that there
is an increased risk of sustaining multiple dental injuries to
permanent teeth if the first trauma episode occurred before
the age of 11 (20), highlights the ‘pre-teenage child’ at special
risk of high costs in the event of a TDI.

Traumatic dental injuries involve 
several people

Traumatic dental injuries to children and adolescents gen-
erally involve one or more professionals and one or more
companions, mostly family members, but also neighbors,
teachers or sports leaders (2–3, 5, 24). Only 4 studies to date
have analyzed the costs associated with the involvement of
people accompanying patients to dental visits, as well as
resources spent, e.g. in transportation, lost working or
leisure time and actual costs for damaged personal equip-
ment incurred by traumatic dental injuries to primary and
permanent teeth (2–3, 5, 6). On average, 1.4 (range 0–3)
people except health care professionals were involved with
each trauma episode, and in 93% of the cases they were
parents (2).

Dental injuries more expensive than outpatient
non-oral injuries

Compared to many other outpatient injuries, TDI seems to
be more time consuming and costly. The average number of
visits treated on an outpatient basis due to TDI to per-
manent teeth during one year range from 1.9 to 9.1 visits 
(1, 5, 9), and exceeds the average number of 1.5 visits due to
other accidental bodily injuries also treated on an outpatient
basis during one year (25). A comparison of bicycle injuries
with oral and non-oral injuries showed that of those with
oral injuries, 61% had more than one medical visit, com-
pared to 27% with non-oral injuries (26).

The average cost of treatment of accidental non-oral
injuries has been shown to vary between US$ 506 to US$
1000 in Sweden, the Netherlands and the USA (25, 27, 28).
Medical payments per child treated for accidental body
injuries in the USA have been estimated to be US$ 800, com-
pared to US$ 506 in a Swedish investigation (25, 27). A study
in the Netherlands estimated the total direct medical costs
of injury for all ages to be an average of €1000 (1€ ≈ 1US $
in 1997) (28). These 3 studies included inpatient and out-
patient care from other non-oral accidental injuries. A com-
parable figure for outpatient care of accidental injuries for
all ages in the Swedish study was US$ 88, which is low com-
pared with the costs of TDI in Tables 34.2 and 34.3. This
makes costs of TDI high compared to other bodily injuries,
especially for complicated TDI to permanent teeth.

Considering that most studies of costs of TDI have used
a relatively short post-trauma period in their reporting
methods, and that very few treatments of dental trauma can
be regarded as definitive, the costs presented must be
regarded as minimum costs. Seen over a lifetime, costs of a
dental trauma may rise far over those presented during the
last 5–10 years, and in many cases to high levels when
including the time spent by the patient and companions in

Table 34.4 The average treatment time in hours and number of visits per individual with uncomplicated (U) and complicated (C) traumatic injuries to
primary and permanent teeth in urban (UR) or rural (RU) territories. Treatment is performed by either hospital (HO) and/or public dental health service
(PU). Range within parentheses.

Author Territory/ Dentition Age Type of Period Total No. of
Caregiver years injury years treatment time1 visits

Josefsson & Lilja Karlander RU, PU Permanent 7–17 – 10 1.2 (0.1–11.2) 2.9 (1–9)
(63) 1994

Solli et al. (9) 1996 UR, RU, HO, PU Permanent 6–18 – 1 0.9 1.9

Glendor et al. (1) 1998 UR, RU, HO, PU Primary 2–6 U 2 0.8 (0.3–3.3) 2.5 (1–9)
C 1.6 (0.4–4.4) 4.3 (1–12)

Permanent 7–18 U 2 3.2 (0.3–11.0) 9.2 (1–27)
C 8.5 (1.7–20.5) 16.4 (1–24)

Borssén et al. (10) 2002 UR, RU, HO, PU Primary 1–6 – 15 0.6 (0.1–4) 2.2 (0–12)
Permanent 7–16 – 15 1.6 (0.3–27.5) 4.1 (1–41)
Permanent 7–16 C 15 8.0*

Nguyen et al. (5) 2004 UR, HO Permanent 6–18 C 1 – 9.1 (4–15)

Al-Jundi (64) 2004 UR, HO Prim & Perm ? – 3 – 3–17.2

Wong & Kolokotsa (6) 2004 UR, HO Permanent 7–18 – 7 – 10.4 (3–27)

* Children treated by their regular dentist as well as by a specialist had a mean treatment time of 8h.
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and provide information for health care policy-makers (59).
Cost-of-illness studies should not be confused with other
economical studies, such as comparison of different 
treatments, factors influencing the survival of e.g. resin-
retained bridges, cost-effectiveness of dental restorations,
cost–benefit of mouthguard protection, and comparison
between cost effectiveness of different treatment solutions
for anterior tooth loss.

How to present costs

Assessing costs involves four steps, which are identical in all
forms of economic assessment (59). These are:

• Identify the relevant resources used, regardless of whether
they can be measured or not.

• Quantify these resources in physical units, such as hospi-
tal days, surgical procedures, physician visits, tests.

• Put a value on the different resources used.
• Deal with uncertainty and time (discounting).

Costs can be presented as direct, indirect and intangible costs:

• Direct medical costs (e.g. costs of drugs, analytical 
procedures required, hospitalization costs, staff time,
equipment)

• Direct non-medical costs (e.g. patients’ out-of pocket
expenses, transportation costs, community support 
services)

• Indirect costs (e.g. production losses) due to patients or
others being off work

• Intangible costs (e.g. pain, suffering) associated with
therapy.

Intangible costs are often omitted from many analyses as
they are difficult to measure and value. To measure intangi-
ble costs, one must assess the use of quality of life instru-
ments, or direct measurements within the framework of
willingness to pay assessments.

To be a true economic evaluation, the outcomes should
be measured as health improvements, expressed in one or
more natural units (health effects), utilities (preference
weights), or associated economic benefits (gains or savings).

Future research

In times of economic constraints, the need for knowledge of
health economics is even more important as a basis for
judging health gain in curative and preventive care within
dental traumatology as well as assessing epidemiological
tools for evaluating the consequences of TDI. Among care
providers and insurance companies interest has grown in the
total costs of traumatic dental injuries.

A wish for the future would be that economic research in
dental traumatology could also include prospective eco-
nomic evaluations concerning both inputs and outcomes of
a dental health care program (58, 60–61). During recent
years, research in dental traumatology has presented evi-
dence based guidelines on how to manage traumatic dental
injuries to both the primary and permanent dentitions. An

travel and treatment. A six-unit fixed bridge in the front,
probably replaced several times during a lifetime, may
become an extremely costly treatment (29).

Other factors contributing to increase in cost

Multiple dental trauma episodes (MDTE) (20, 30–38), and
repeated TDI to the same teeth (20, 39–40) have been shown
to jeopardize the ongoing healing of injuries to pulpal and
periodontal tissues (41). Factors such as patient informa-
tion, filling therapy and follow-ups, especially when the
same teeth are traumatized again, contribute to increased
cost (20) (Table 34.5).

Poor knowledge of how to manage dental trauma among
lay people (32, 42–45), physicians, medical students or phys-
ical education teachers (46–47) may also contribute to the
high cost of TDI. Other contributing factors may include
inadequate emergency care (48–53) and lack of patient sat-
isfaction with the care provided (48, 54), which can result in
frequent reconstructions, with extended costs, e.g. of com-
posite fillings (54).

An increase in costs could also be caused by delay in
patients seeking treatment (55–56), and for some dental
injuries, e.g. avulsion injuries, this could be an economic dis-
aster, as a good prognosis is highly dependent upon prompt
emergency treatment (57).

Economic evaluations

During the past 10 years, no study addressing costs of TDI
on a population level could be regarded as a true economic
evaluation. The reason for this is that these studies have not
considered clinical outcomes. A true economic evaluation
can be defined as ‘the comparative analysis of alternative
courses of action in terms of both their costs and conse-
quences’ (58). The studies presented in this chapter could
instead be defined as cost-of-illness studies presenting the
economic burden of TDI to a defined population. However,
the important benefits of these cost-of-illness studies are
that they act as points of reference for economic analyses

Table 34.5 Mean values of number of types of treatment per patient in
6–17-year old patients with repeated traumatized permanent teeth
related to 2 or 4–7 episodes per patient. Standard deviations in paren-
theses. From Glendor et al. (20) 2000.

Pattern of Mean values of number of 
treatment types of treatment

2 episodes 4–7 episodes

Information 1.1 (0.3) 2.9 (1.3)
Filling therapy 0.8 (0.6) 4.0 (5.4)
Endodontics 1.3 (4.1) –
Surgery 0.3 (1.0) –
Prosthetics – –
Consultations, etc 0.4 (0.7) 1.1 (1.6)
Follow-ups 2.8 (2.1) 7.9 (5.7)

Total 6.7 (6.1) 15.9 (10.1)



866 Chapter 34

interesting strategy would be to study those guidelines with
respect to how they change time and costs of TDI.
Cost–benefit studies, or even better, economic evaluations of
emergency services, mouthguards and the like should relate
the service to cost to the society.

Essentials

Degree of severity

• Uncomplicated
• Complicated

Sports injuries

Time and costs

• Time is universal
• Cost is unique

People involved

• Patient
• Companions

Dental and non-oral injuries

• Outpatient oral injuries

Other factors increasing cost

• Multiple dental trauma episodes
• Low level of lay knowledge of TDI
• Inadequate emergency care
• Lack of patient satisfaction

Economic evaluations

• Cost of illness
• Clinical outcome
• True economic evaluation

How to present costs

• Direct medical costs
• Direct non-medical costs
• Direct costs
• Indirect costs
• Intangible costs

Future research

• Prospective economic evaluations
• Inputs
• Outputs
• Evidence based guidelines
• Emergency services
• Mouthguards
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Traumatic injuries affecting the teeth and surrounding
tissues have not been widely recognized as severe lesions
which carry with them esthetic problems, economic burden,
prolonged periods of treatment and sometimes needing psy-
chological support. Self-image is affected, resulting in low
self-esteem and other adverse emotional consequences that
go beyond the structural damage to the dentition (see
Chapter 6). Moreover, most people fail to grasp the eco-
nomic impact of such injuries because of their high cost of
treatment and rehabilitation (1) (see Chapter 34).

Furthermore, those who have suffered the unfortunate
experience of a broken or displaced tooth are not usually
well informed on how to prevent or anticipate a traumatic
injury.

In most cases, emergency treatment must focus on limit-
ing damage. The urgent need to publicize and promote pre-
ventive measures and first aid practices – with the joint
objectives of reducing emotional impact, preserving denti-
tion, and reducing short- and long-term costs – cannot be
overstated. The rapid advance in knowledge gained through
dental research has redirected the professional role toward
more preventive and conservative tasks. Hence, the dentist
has an ethical duty to provide the community with the nec-
essary information to allow each individual to take respon-
sibility for his or her own dental care by limiting damage
and improving outcome through appropriate first aid.

Because so little public health education has addressed
issues related to dental trauma, educational campaigns
focused on the prevention of life-threatening accidents
should also include comprehensive awareness of dental
injuries. Campaigns must present their message clearly (2),
making the population aware of its role in saving teeth in
case of injury. Target groups in this effort would be those
exposed to a high risk of accident. Children, adolescents and
the adult population should be included in this task (3).

This could be done via picture storybooks (4, 5) 
(Fig. 35.1), manuals, information included in natural

science books, posters, brochures, TV programs, TV and
radio talk shows, the local press and multimedia.

Because dental injuries may result from so many varied
causes, educational campaigns must encourage appropriate
first aid and promotion of mouthguards in contact sports
and cycling. Even though the use of mouthguards, helmets
and facemasks has been widely recommended, there is still
insufficient evidence of their effectiveness in reducing the
frequency of sports-related injuries to the head, face and
mouth (6) (see Chapter 30). Injury prevention campaigns
addressing the need for protective devices in sports and
bicycling can increase awareness and use. This can rapidly
be achieved through legislation or regulation (7).

The Internet is now the fastest mode of trauma education
and prevention. It is a rapid form of dissemination of
knowledge and accessible at low cost for many potential
users. One of its weaknesses, however, is that the informa-
tion provided does not always provide scientific references
(8). Several organizations provide information related to
dental trauma but there is a high variability in the quality of
their contents. Thus, it is necessary to identify instruments
to be used to rate the quality of such information. From a
search of different websites, many organizations follow the
avulsed tooth treatment guidelines recommended by the
International Association of Dental Traumatology (IADT)
(9–12). Many web addresses have a commercial interest and
information is provided in a direct and entertaining manner
to the general public.

Developing a public awareness campaign

Many countries have made special efforts to reach the public
with educational material in the form of brochures, posters

35
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and informative campaigns (Figs 35.2 and 35.3). Further-
more, the IADT has developed and collected brochures 
and posters which can be obtained at the website:
http://www.iadt-dentaltrauma.org.

The objectives of a dental trauma campaign could be:

• To inform the community about the importance of pre-
venting dental trauma and treating it promptly

• To identify specific methods, appropriate for different age
groups, by which dental trauma can be prevented

• To recommend appropriate first aid to be given immedi-
ately following dental trauma.

The general public perceives dental trauma as a common
accident in children and yet, at the same time, recognizes the
lack of knowledge of appropriate first aid in these situations.
Because accidents usually occur at weekends, parents are
receptive to educational brochures about injuries to the
teeth: useful information, such as where to seek treatment
and emergency telephone numbers are appreciated.
Dentists who are trained in biologically based emergency
treatments should be willing to be on call outside usual
working hours.

Educational campaigns help the public understand the
importance of oral health and recognize the profession’s
commitment in teaching the community preventive and
first aid measures. At the same time, these campaigns help
improve the image of the profession, which is still regarded
with fear and anxiety by most people.

Fig. 35.1 Children’s story book used to inform children what happens
after dental trauma.

Fig. 35.2 ‘Save your Tooth’ poster
available in a number of languages.
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Recommendations for specific groups

For government agencies and universities

Keep records of traumatic dental injuries of patients who
attended emergency rooms. A complete registration will give
important information for promoting preventive measures.
Age, cause of injury, place of injury, diagnosis and emer-
gency treatment offered should be registered.

For insurance companies

Evaluate medical and dental injuries separately and deter-
mine treatment costs based on realistic approaches (i.e.
worst case scenario in cases with doubtful prognosis). If
various treatment approaches are possible, choose the bio-
logically best procedure with minimal intervention (17) (see
Chapter 29).

For the media, government departments of
health and education, insurance companies and
accident prevention organizations

Educational campaigns must be implemented to increase
public awareness of dental trauma. Many serious complica-

tions can be avoided if people understand that some simple
steps may save teeth at the time of an accident.

For government departments of health and
sports organizations

Promote the compulsory use of mouthguards in high-risk
contact sports (e.g. ice hockey and rugby). Teach first aid
practices at schools, gymnasiums, sport centers, and other
organized athletic groups.

Prevention of sports-related 
dental trauma

The International Dental Federation (FDI) has classified
sports in two categories with regard to their risk of causing
injury:

• High-risk sports: American football, hockey, martial sports,
rugby, and skating

• Medium-risk sports: basketball.

Several types of mouthguard are available; but the most
comfortable and the most protective devices are custom
made for each individual.

Dentists must be aware of which mouthguards are avail-
able on the market and their manufacturing process. Like-
wise, he or she must educate the community as to the
importance of their use and promote them actively among
sport participants of all ages (13–16) (see Chapter 30).

Guidelines to the public: first aid and
treatment of trauma to primary teeth

Recommendations to the public when responding to dental
trauma in young children include the following measures:

• Dental trauma often includes injuries to the adjacent soft
tissue. Therefore, wash the wound with plenty of running
water.

• Stop bleeding by compressing the injured area with gauze
or cotton for five minutes.

• Seek emergency treatment from a pediatric dentist.

Guidelines for pediatric dentists responding to
emergency injury-related visits include the
following regarding primary teeth

• Intrusion and avulsion pose the greatest danger to the
development of permanent teeth.

• In cases of intrusion, the direction in which the primary
root is displaced must be determined. In most cases, the
root is displaced toward the lip, away from the developing
permanent incisor. In this situation, the tooth generally re-
erupts spontaneously within 2–4 months.

Fig. 35.3 Poster giving treatment advice after a trauma.
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• In cases of avulsion, primary teeth should not be replanted
to avoid damage to the developing permanent dentition.
It should be verified that the missing tooth has not been
swallowed, inhaled or completely intruded.

• Good tooth hygienic control must be maintained during
the healing phase. Parents should be instructed in careful
brushing and the topical use of chlorhexidine in the
affected area.

Guidelines to the public: first aid and
treatment of trauma to permanent teeth

Tooth fractures (broken tooth), luxation (loosened or dis-
placed teeth) and avulsion (complete loss of the tooth) are
the most frequent injuries to the permanent teeth. These
injuries could have an improved outcome if the public were
well informed about appropriate first aid measures.

Guidelines to the public: first aid following
crown fracture

In a crown fracture, the broken piece of tooth may be repo-
sitioned using dental adhesives and composite resins. This 
is a conservative, recommended treatment, especially in
adolescents.

• Find the tooth fragment and keep it wet. (Note to the
dentist: we know that a tooth fragment is different from
an avulsed tooth. But in the heat of the situation, the lay
public doesn’t. Therefore, as general information, avulsed
teeth and tooth fragments should be stored in a physio-
logical medium (e.g. physiological saline, saliva, milk).
However, an enamel-dentin tooth fragment need only be
kept wet – and for this purpose, tap water will do.)

• Seek dental treatment immediately.

Guidelines to the public: first aid following
tooth avulsion

Often a permanent tooth can be saved through appropriate
first aid response and immediate treatment.

• Keep the patient calm.
• Find the tooth and pick it up by the crown.
• If the tooth is dirty, wash it briefly (10 seconds) under cold

running water and reposition it.
• If this is not possible, place the tooth in a glass of milk.

The tooth can also be transported in the mouth, keeping
it between the molars and the inside of the cheek. Avoid
storage in water.

• Seek emergency dental treatment immediately.

Information to emergency services

Dental trauma occurs at all hours of the day or night. When
it happens – at night or week-ends – and the emergency
service staff is contacted, precise questions to the patient or

parent can pinpoint the problem and help the clinician
decide when a trauma must be treated on an acute basis or
when it can be delayed. A poster in the emergency room can
serve as a guideline for these queries (28) (see Fig. 35.4).

• Injuries requiring immediate (acute) treatment include:
extrusive luxation, lateral luxation (intrusion), avulsions
of permanent teeth, fractures of the alveolar process, jaw
fractures, gingival lesions and penetrating lip lesions.

• Injuries which do not require acute treatment (i.e. can wait
until the next day, or non-acute) include: complicated and
uncomplicated crown fractures, crown-root fractures,
lateral luxation and intrusion of primary teeth, concus-
sions and subluxations.

Information to patients

When the dentist is faced with an emergency, it is of the
utmost importance to give emotional support to the patient
as well as to the stressed and anxious parents. Simple expla-
nations of diagnosis, purpose of the emergency treatment
and prognosis will be reassuring.

• Inform the patient and/or parents about the consequences
of the trauma.

• Instruct the patient and/or parents on the importance of
good oral hygiene techniques.

• Instruct the patient and/or parents about the importance
of follow-up examinations.

• Advise the patient and/or parents about dental insurance
coverage and the need to file a claim immediately after
injury. Particularly with very young patients (i.e. primary
tooth injuries affecting the developing permanent denti-
tion) and adults (i.e. simple luxation injuries), post-trau-
matic complications may show up years later. Most
companies will not cover an injury if the injury is reported
when complications later appear.

• Information concerning specific types of injuries can be
provided on a pre-printed form.

Primary tooth injuries

Inform about possible complications so that treatment can
be sought:

• Appearance of swelling, fever or an abscess
• Changes of crown color.

In case of intrusion, limit the use of pacifiers and feeding
bottles in order to allow spontaneous re-eruption of the
intruded tooth (18).

Inform the patient if severe primary tooth injuries might
damage the developing permanent successors.

Tooth fractures

Immediate treatment consisting of reattachment of the
tooth fragment will usually be successful; alternatively a
bandage of a white tooth filling material will protect the



Crown fracture with
exposed dentin S 02.5*
Exposed yellow dentin is seen.
Missing crown fragment should
be sought and placed in saline
or water until rebonding.

Crown fracture with
exposed pulp S 02.5
A red and bleeding pulp is seen
in the fracture surface.

Crown-root fracture 
S 02.5
The fracture extends under the
edge of the gingiva. There is
usually pain from biting.

Lateral luxation and intru-
sion of primary teeth S 02.5
The laterally luxated milk tooth is
displaced orally (photo to left)
The intruded milk tooth is forced
up into the jaw (photo to right).

Concussion S 03.2
The tooth is tender to percussion,
touch and chewing. The tooth is
not loose. There is not change in
position and the bite is normal.

Subluxation S 03.2
The tooth is loose. There is
sometimes bleeding from the
edge of the gingiva. The tooth
hasn’t been displaced from
normal position. The patient can
bite normally.

Extrusion S 03.2
Note that the tooth is
loose and appears
longer than adjacent
teeth.The patient can’t
bite together normally.

Lateral luxation 
S 03.2
The tooth is angled 
in relation to adjacent
teeth. The patient can’t
bite together normally.

Intrusion S 03.2
The tooth appears too
short compared to adja-
cent teeth. The tooth is
firm in its new position.

Avulsion (permanent
tooth) S 03.2
The tooth is replanted after
saline rinse, so that the root
surface is clean. This should
be done immediately and
therefore performed by the
physician on duty.

Fracture of the alveolar
process S 02.4 (left)
Several teeth are displaced
and the entire fragment can
be moved by palpation.
Jaw fracture S 02.4 (right)
The fracture is exposed to
the oral cavity and the
patient can’t bite together
normally.

Gingival lesion S 01.5
(left)
The gingiva is displaced and
root surface and bone are
exposed.
Penetrating lip lesion 
S 01.5 (right)
The teeth have been forced
through the lip. Correspond-
ing cutaneous and mucosal
wounds are seen. The
wound often contains tooth
fragments.

Fig. 35.4 Instructions for emergency room personnel used at the Trauma Center, University Hospital Copenhagen, Denmark. * WHO registration code
(see Chapter 8, p. 217).

DUTY INSTRUCTIONS FOR EMERGENCY SERVICES
CONDITIONS NOT DEMANDING IMMEDIATE TREATMENT

CONDITIONS DEMANDING IMMEDIATE TREATMENT
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nerve in the tooth. Later, the tooth can be restored with com-
posite resin or porcelain. In cases where the dental nerve is
exposed, coverage of the nerve for some time will help 
the nerve heal and allow later restoration of the tooth crown
(20, 21).

Loosened or displaced permanent teeth

The tooth should be put back in place in the jaw and a splint
applied to protect the loosened tooth in the healing period.
This splint will be removed after 1–12 weeks, depending on
the type of injury (19). Chewing is permitted, but hard foods
should be avoided. If the splint becomes loose, it should be
re-cemented. During the healing period, when traumatized
teeth are splinted, the patient should avoid playing contact
sports.

In some cases, loosening of the tooth means that the nerve
dies. The dead nerve must be removed and replaced by a
root filling. The patient should be reassured that this treat-
ment does not hurt.

Diet

A soft diet will be prescribed for the first 14 days, to protect
the injured teeth. A soft diet means no hard foods, but not
necessarily a liquid diet.

Oral hygiene

Meticulous cleansing of the teeth and gums is necessary to
promote healing (18, 23–25). It is necessary to show the
patients how to perform a gentle and effective toothbrush-
ing, mainly to reduce the anxiety that this procedure may
hurt or endanger healing.

Daily oral hygiene includes the following:

(1) Rinse mouth thoroughly with one tablespoon of
chlorhexidine twice a day for one week. For children
under 7 years, topical use of chlorhexidine is indicated.

(2) Careful toothbrushing after each meal with a soft tooth-
brush, working from the gums to the teeth.

(3) After toothbrushing, make sure that splints and teeth
are completely clean.

(4) If there are associated lip injuries, recommend lip balm
during the healing period to avoid dryness.

Follow-up examination

Some patients will require the first the day after injury,
depending on the severity of injuries. A good recommenda-
tion is to see the patient in a week’s time, in order to evalu-
ate healing, oral hygiene and control of infection (26).

Radiographs will be taken 3 or 6 weeks and one year after
injury to control healing. Radiographs will allow diagnosis
of possible late healing complications, such as root canal
infection.

Prognosis of treatment

When treatment has been carried out, the patient and/or
parents must receive information about prognosis for the
injured teeth (22).

Injury report

A written report of the accident, including cause, type of
injury, treatment and prognosis must be completed for
school-related accidents and occupational injuries.

Also, this report will be useful for a court trial when dental
injuries are result of violence, assaults or traffic accidents.

Insurance

Dental needs and dental casualty insurance differ from one
country to another. An underlying issue affecting access to
care and delivery of services is the cost of care. The dentist
should have a general knowledge about dental insurance
coverage following accidents. In many countries there are
children without effective dental coverage. Thus, they are at
greater risk for experiencing complications of untreated
traumatic injuries (27).

Essentials

Developing public dental trauma awareness

Dental injuries demand long time treatment, high costs and
emotional support.

Dentists should agree on a standard first aid message to
be delivered to the public.

According to high risks groups, first aid information
should be continuously promoted.

High risks groups and etiology

• Children 18–30 months
• Adolescents
• Young adults

As long as the public is well informed about dental trauma,
the prognosis of injuries may be improved, as correct first
aid of avulsed teeth and retrieval of tooth fragments may be
performed prior to the patient reaching the dental clinic.

First aid and treatment of trauma to 
primary teeth

• Wash the wound with plenty of running water. Often,
dental traumas include injuries to the adjacent soft tissue.

• Stop bleeding by compressing the injured area with gauze
or cotton for five minutes.

• Do not replace a primary tooth that has been knocked out.
• Seek emergency treatment from a pediatric dentist.
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Available at: URL: http://www.uv.cl/stdi/pages/folleto/
folleto5.htm.

11. A A  E. Saving a
knocked-out tooth. 2004. Available at: URL:
http://www.aae.org/patients/avulsed.htm.

12. A D A. Dental emergencies and
injuries. 2005. Available at: URL: http://www.ada.org/
public/manage/emergencies.asp#broken.

13. A A  O  M

S. Sports safety. 1999. Available at: URL:
http://www.aaoms.org/public/Pamphlets/SportsSafety.pdf.

14. A  S D. Frequently asked
questions? 2004. Available at: URL:
http://www.sportsdentistry-asd.org/faqs.asp

15. A D A. Mouthguards. 2005.
Available at: URL: http://www.ada.org/public/topics/
mouthguards.asp.

16. A A  P D. Mouth
protectors. 2005. Available at: URL: http://www.aapd.org/
publications/brochures/mouthpro.asp.

17. A FM, A JO. Treatment of traumatic
dental injuries. Shift in strategy. Int J Technol Assess Health
Care 1990;6:588–602.

18. H G, R D. Sequelae and prognosis of intruded
primary incisors: a retrospective study. Pediatr Dent 1999
July;21:242–7.

19. F MT, A JO, B LK, et al.
Guidelines for the evaluation and management of
traumatic dental injuries. Dent Traumatol 2001;17:97–102.

20. M IA. Pulp-dentin biology in restorative dentistry.
Part 5: Clinical management and tissue changes associated
with wear and trauma. Quintessence Int 2001;32:771–88.

21. M IA, F M. Pulp-dentin biology in restorative
dentistry. Part 6: Reactions to restorative materials, tooth-
restoration interfaces, and adhesive techniques.
Quintessence Int 2002;33:35–63.

22. R A, N JG. Subjective aspects of patients
with traumatized teeth. A 15-year follow-up study. Acta
Odontol Scand 1997;55:142–7.

23. H AM, C JH. Traumatic injuries in the
preschool child. Dent Clin North Am 1995;39:817–35.

24. F MT, A JO, B LK, et al.
Guidelines for the evaluation and management of
traumatic dental injuries. Dent Traumatol 2001;17:1–4.

25. F MT, A JO, B LK, et al.
Guidelines for the evaluation and management of
traumatic dental injuries. Dent Traumatol 2001;17:49–52.

26. A JO, J I. Traumatic injuries – follow-
up and long term prognosis. In: Koch G, Poulsen S. eds.
Pediatric dentistry. A clinical approach. Copenhagen:
Munksgaard, 2001:381–97.

27. T N I  D  C

R. A plan to eliminate craniofacial, oral, and
dental health disparities. 2002. Available at: URL:
http://www.nidr.nih.gov/research/healthdisp/hdplan.pdf.

28. A JO, A FM, S A, Hø-
H E, S O. Effect of treatment delay upon
pulp and periodontal healing of traumatic dental injuries
– a review article. Dent Traumatol 2002;18:116–28.

First aid for a crown fracture

• Find the tooth fragment and keep it wet.
• The broken piece of tooth may be repositioned using

dental adhesives and composite resins.
• Seek dental treatment immediately.

First aid for an avulsed tooth

• Find the tooth and pick it up by the crown.
• If the tooth is dirty, wash briefly (10 seconds) under cold

running water and reposition immediately.
• If this is not possible, place the tooth in a glass of cold

milk. The tooth can also be transported in the mouth,
keeping it between the teeth and the inside cheek. Do NOT
store the tooth in water. This will damage vital cells on
the root surface.

• If available, place the tooth in special storage media.
• Seek emergency dental treatment immediately.
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Emergency record for acute dental trauma
page 1

Appendix 1

876

Patient’s name
Birth date

Date of examination: Referred by:
Time of examination: Referring diagnosis:

General medical history: any serious illness? yes no
If yes, explain.
Any allergy? yes no
If yes, explain.
Have you been vaccinated against tetanus? yes no
If yes, when?

Previous dental injuries: yes no
If yes,

When?
Which teeth were injured?
Treatment given and by whom?

Present dental injury:
Date: Time:
Where?
How?

Have you had or have now headache? yes no

Have you had or have now nausea? yes no

Have you had or have now vomiting? yes no

Were you unconscious at the time of injury? yes no
If yes, for how long (minutes)?
Can you remember what happened before, yes no
during or after the accident?

The emergency record is constructed so that wherever a question is answered by yes, more details must be provided.
Finally, the last question in the record is whether the examiner has re-read the chart. This is a reminder to check that
all relevant points have been registered.
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Emergency record for acute dental trauma (continued)
page 2

Is there pain from cold air? yes no
If yes, which teeth?

Is there pain or tenderness from occlusion? yes no
If yes, which teeth?

Is there constant pain? yes no
If yes, which teeth?

Treatment elsewhere? yes no
If yes, what treatment?

After avulsion, the following information is needed:
Where were the teeth found (dirt, asphalt, floor, etc.)?
When were the teeth found?
Were the teeth dirty?
How were the teeth stored?
Were the teeth rinsed and with what prior to replantation?
When were the teeth replanted?
Was tetanus antitoxoid given?
Were antibiotics given?

Antibiotic?
Dosage?

Objective examination – Extraoral findings

Is the patient’s general condition affected? yes no
If yes, pulse

blood pressure
pupillary reflex
cerebral condition

Objective findings beyond the head and neck? yes no
If yes, type and location
Objective findings within the head and neck? yes no
If yes, type and location
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Emergency record for acute dental trauma (continued)
page 3

Objective examination – Extraoral findings (continued)

Bleeding from nose, or rhinitis yes no
Bleeding from external auditory canal yes no
Double vision or limited eye movement yes no
Palpable signs of fracture of facial skeleton yes no
If yes, location of fracture

Objective examination – Intraoral findings

Oral mucosa lesions yes no
If yes, type and location
Gingival lesion yes no
If yes, type and location
Tooth fracture yes no
If yes, type and location
Alveolar fracture yes no
If yes, type and location

Supplemental information:

General condition of the dentition

Caries poor fair good
Periodontal status poor fair good
Horizontal occlusal relationship under over normal

bite jet
Vertical occlusal relationship deep open normal

Radiographic findings

Tooth dislocation

Root fracture

Bone fracture

Pulp canal obliteration

Root resorption

Photographic registration yes no
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Emergency record for acute dental trauma (continued)
page 4

Diagnoses (check appropriate boxes and designate tooth no. or indicate correct anatomical region)

� Infraction � Skin abrasion
� Complicated crown fracture � Skin laceration
� Uncomplicated crown fracture � Skin contusion

� Complicated crown-root fracture � Mucosal abrasion
� Uncomplicated crown-root fracture � Mucosal laceration

� Mucosal contusion

� Root fracture
� Alveolar fracture � Gingival abrasion
� Mandibular fracture � Gingival laceration
� Maxillary fracture � Gingival contusion

� Concussion Supplementary remarks:
� Subluxation
� Extrusion
� Lateral luxation
� Intrusion
� Avulsion

Treatment plan

At time of injury: Final therapy:
Repositioning (time finished)
Fixation (time finished)
Pulpal therapy (time finished)
Dentinal coverage (time finished)

Chart re-read by examining dentist? yes no



Appendix 2

Clinical examination form for the time of injury and follow-up examinations

Tooth no.

Date

Tooth color
normal
yellow
red
gray
crown restoration

Displacement (mm)
intruded
extruded
protruded
retruded

Loosening (0–3)

Tenderness to percussion (+/−)

Pulp test (value)

Ankylosis tone (+/−)

Occlusal contact (+/−)

Fistula (+/−)

Gingivitis (+/−)

Gingival retraction (mm)

Abnormal pocketing (+/−)

T
I

M
E

O
F

I
N
J
U
R
Y

C
O
N
T
R
O
L

Each column represents an examination of a given tooth. The first column for each tooth gives the values from the
time of injury. Only the parameters listed in the top half of the form (‘Time of injury’) are to be recorded at the time
of injury. The information from this examination as well as the information collected on the emergency record are
used to determine the final diagnoses for the injured teeth. Those parameters and the last four (fistula, gingivitis, gin-
gival retraction, abnormal pocketing) are to be registered at all follow-up controls.
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Summary of treatment and follow-up procedures and recall schedule following the various trauma types

Radiographic exposure for various trauma types

Post-traumatic interval* Luxation of 21** Replantation of 21 Root fracture of 21

Time of injury OI 11,21*** OI 11,21 OI 11,21
BI 12,11,21,22 BI 12,11,21,22 BI 12,11,21,22

1 week BI 21,22a,b

2–3 weeks OI 11,21a,b BI 21,22 OI 11,21

6–8 weeks BI 12,11,21,22a BI,12,11,21,22 BI 12,11,21,22

3 months BI 21,22 BI 11,21

6 months BI 21,22

1 year BI 12,11,21,22 BI 12,11,21,22 BI 12,11,21,22

2, 3, 4 years BI 21,22

5, 10, 15 years BI 12,11,21,22 BI 12,11,21,22 BI 12,11,21,22

* All examinations include radiographs as well as information from the clinical examination form (see Appendix 2).
** Tooth designation is according to the FDI two-digit system.
*** Regarding radiographic exposure, OI implies ‘occlusal identical’, or occlusal exposures; BI implies ‘bisecting iden-
tical’. Both designations imply the use of standardized techniques and filmholder.
a Removal of fixation. The following fixation periods are suggested. The reader is referred to the respective chapters
for details: Replantation, 1–2 weeks; Extrusion, 2 weeks; Lateral luxation, 4 weeks (depending on radiographic find-
ings); Intrusion, see Chapter 16; Root fracture, 4 weeks.
b Begin endodontic therapy: Replantation, after 1 week; Intrusion, after 2–3 weeks.
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Comparison between cost/effectiveness of different treatment solutions for anterior tooth loss

Orthodontics Implants Resin-retained Conventional Autotransplants
bridges bridges

Cost +++ +++ + +++ +

Long-term service +++ +++ + ++ +++

Use in growing individuals +++ 0 +++ 0 +++

Bone-inducing potential + 0 0 0 +++

Scale used: 0 = not to be used or non-existent; + = minimum (low); ++ = medium (moderate); +++ = maximum (high).
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fracture of wall 489, 490
repair 83

alveologingival fibers 74
ameloblasts 68, 95
amelogenins, cementogenesis influence

124
amino acids, wound fluid 37–8
Amnesty International 234
amoxicillin 187, 188, 189
anemia, wound healing 39
anesthesia/anesthetic agents

dental injury 234–5
lateral luxation 420
mouthguard use 829–30
recovery injury 258
soft tissue injuries 579
wound healing 43

angiogenesis 6, 7, 16, 29–32, 33
cellular events 30–1
initiation of 31
stimulation of 13

angulation of root
lateral see root angulation
vestibular see root angulation

ankylosis
avulsion healing complication 451,

453–4, 455, 461, 472, 473
bony invasion of root canal 470
incisor extraction 700–1
infraposition progression 699, 700, 701
intrusions 695
luxations 390, 391, 688
orthodontic management of 675, 677,

688
primary dentition injuries 537, 538
replanted teeth 634, 636

orthodontic management of 696,
699–700, 702, 703, 704–7, 708

anorganic bovine bone mineral (ABBM)
particles 777, 779

antibiotics 42, 43
autotransplantation, preparation for

743
avulsed teeth 616
dog bites 587
implants 788, 789
inflammation minimization after

replantation 186
jaw fracture 504
soft tissue wounds 577

Note: page numbers in italics refer to
figures, those in bold refer to tables.

abrasion
child physical abuse 210–11
gingival see gingival injury
lip see lip injury
soft tissue 578, 579, 580, 582

accident prevention organizations 871
accidents

nature 256
public awareness campaign 869–71
see also road traffic accidents

acetylcholine 14
acid-etch technique 352, 356, 718–19

see also resin composite restorations
actuarial statistics 835–8
adult wound healing 43
age/age factors

crown fractures with pulp exposure
602

implants
failure 785
treatment planning 763

TDI distribution 226
wound healing process 42–3

alcohol consumption 40
Alendronate® 178, 179
alveolar mucosa 72
alveolar process fractures 489, 490–1, 494,

498–9, 500, 501–3
examination of injuries 260
healing of 499
information for emergency services

873
loss of marginal bone 500
periosteum 75
predictors for healing 500
primary dentition injuries 530,

533
progenitor cells 119
prognosis 504–5, 506–7
pulp necrosis 500
resorption 148
response to injury 83
root resorption 500
splinting 502–3, 849
trauma 96, 148

alveolar socket
comminution 489, 490

antigen–antibody complex reactions
157–8

anti-inflammatory drugs, slow release
183–4, 185–6

anxiety
reduction 202
traumatic injury sequelae 199

apexification, calcium hydroxide 621
apexification, mineral trioxide aggregate

(MTA®) use 662–3, 664
apical radiolucency see periapical

radiolucency
arachidonic metabolites 156–7
arch bar splints 843–4
aspartic proteinases 142
asphalt

particles in skin 580, 581
tattoo 582

assaults causing TDIs 233–4
athletics and trauma 871
autotransplantation

anterior region teeth 740–59
antibiotic coverage 743
apical diameter 757, 758
canine region 742, 744, 809
ceramic laminate veneers 750, 754
closed procedure 743
composite restoration 750, 751–3
donor tooth 744, 745, 746, 747
endodontic management 750, 754, 755,

756
follow-up 746, 748
gingival condition 754
graft selection 741–2, 743, 744
grafts removal/insertion 744, 745, 746,

747
healing predictors 757, 758
implant comparison 740–1
lateral incisor region 742, 743
maxillary incisor region 741–2, 751,

753, 755, 808
open procedure 743, 744, 747
orthodontic treatment 749–50, 751–4,

754, 755
periodontal healing 746, 748, 749
premolars 689, 690, 691, 694, 752–3,

757
canine replacement 809
maxillary incisor replacement 802,

803, 804–5, 808

Index
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autotransplantation (continued)
orthodontic/restorative treatment

802, 803, 804–5
prognosis of 741, 754, 757
pulp necrosis 748–9
pulpal healing 746, 748–9
recipient site preparation 742–3,

743–4, 745
resin composite restoration 750, 751–3
restoration of transplanted teeth

749–50
root development stage for

transplantation 748, 749, 757, 758
socket preparation 744
splinting of graft 746, 747, 849
surgical procedure 743–4, 745, 746,

747, 748–9
survival of grafts 754, 757
treatment planning 740–3, 744

avulsions and replantation 173–4, 175,
444–80

ankylosis 451, 453–4, 455, 461, 472, 473
apical resection 464
bacterial invasion 616–17
cementum layer, fluoride ion

incorporation 461, 462
ceramic implants 464
clinical findings 444, 445, 446
closed apex 459, 479
complications 476, 477
endodontic management 461, 462,

615–18, 619, 620–1
first aid 872
follow-up 463, 465
gingival healing 476
healing of PDL and pulp 444–59,

615–18
inflammatory resorption 456–7, 458,

459, 472, 474
replacement resorption 451, 453–4,

455, 472, 473
surface resorption 451, 452

Hertwig’s epithelial root sheath 476
information for emergency services

873
marginal attachment loss 476
open apex 459, 479
orthodontic management of 688–9,

690, 691–2, 693, 694, 695
pathology 615–18
periodontal healing reactions 450–1,

452, 453, 454, 455, 456, 465
permanent dentition 444

orthodontic management of injuries
688–9, 690, 691–2, 693, 694, 695

primary dentition injuries 530, 533
orthodontic management 688

prognosis 466
pulp

extirpation timing 472
healing 468
necrosis 466, 468–70, 618, 619,

620–1
reactions 444–7, 448, 449
revascularization 468

radiographic findings 444, 445, 446
repositioning 461
root canal

obliteration 467
width/length 468–9

root development 475–6, 477
stage 471–2

root growth disturbances 475–6, 477

elimination 43
formation of 9–11

bonds/bonding
dentin 663, 719
enamel 718–19
glass ionomer 287–8, 289, 720
GLUMA® bonding system 287, 290,

294, 296
micromechanical 718, 719
techniques in crown fracture

restoration 598, 600
see also resin-bonded/retained bridges

bone
cancellous 82
cortical 82
displacement resistance 238, 239
engineering 123
formation 123
grafts, surgical technique 782–3, 784
guided bone regeneration 769, 776

simultaneous approach 777, 778–9,
779

staged approach 777, 779, 780–1
implants

loss 763, 765, 770, 772–3
osseointegrated 691, 767
survival 787–8

interposition of PDL in root fracture
healing 345, 348–9

marginal breakdown 393–5
avulsion and replantation 476
intrusive luxation 438, 440–1
jaw fractures 510
lateral luxation 423, 425

organic matrix removal by osteoclasts
142

pulp cavity invasion 386
regeneration, guided 769, 776, 777–9,

780–1
remodeling 83, 123, 767
splitting for implants 777
transplantation for vertical

augmentation 781–3, 784
volume 787–8
see also alveolar process; fractures;

osseous replacement
bone injuries 489–511

clinical findings 489, 491–2
contusion injuries 428
etiology 489, 490
frequency 489
healing of 17
information for emergency services

872
pathology 495–6, 498, 499
prognosis 504–5
radiographic findings 492–3, 494, 495
terminology 489
treatment 498, 499, 500, 501–2, 504
types 489, 490
see also fractures

bone marrow 82, 96
cells 117–18
infection response 84
trauma response 96

bone marrow stromal cells (BMSCs)
117–18

transplantation of 123
bone mineral dissolution 141–2
bone morphogenetic proteins (BMPs) 14,

15, 16
biomolecule function 122
cementum engineering 124–5

root resorption 467, 470–2, 473, 474–5,
478

inflammatory 456–7, 458, 459, 472,
474

replacement 451, 453–4, 455, 472,
473

surface 451, 452
root surface

contamination 472
treatment 461

soft tissue 579, 580, 587
splinting 460, 461, 463, 472, 849
surface resorption 452
tooth storage media 173, 174, 175,

182–3, 459, 469–70, 470–1
tooth survival 466, 478
treatment 459, 460, 461, 462–4, 465,

466
at clinic 459, 460, 461, 462–4, 465
planning 459
at site of accident 459
without replantation 762

B lymphocytes 25, 26, 158
bacteria

calcium hydroxide effects 621
dentin resistance of invasion 286–7
enamel-dentin fractures 283
gingival healing 75
infections/infective dose 41–2
invasion with avulsions 616–17
iron sulfide production 645
mineral trioxide aggregate (MTA®)

resistance to penetration 659, 661
pulp

contamination 616–17
healing 286, 287
infection 91, 644, 645

root canal contamination 93
soft tissue wounds 577
tissue repair/regeneration 62

bacterial killing 39–40, 42
basophils 152
battered child syndrome see child physical

abuse
Begg technique 679, 681
bicycle helmets 232, 830
bicycle-related injuries 231–2, 830
biomaterials 121–2
biomolecules 122
bisphosphonates 178, 179
bites

animal to face 587
marks in child due to physical abuse

211, 212
biting hard items 232
bleaching 852–8

adverse effects 854–7
agent effect on restorations 853
canines 801
clinical recommendations 857, 858
efficacy 854
external 857
internal 853, 853–4, 855, 856
intracoronal 853–7
medicaments 852–3
thermo-catalytic methods 854, 855–6
toxicity of agents 853

bleeding, periodontal ligament 79
bleeding, pulp 600
blood circulation, wound healing process

39–40
blood clot
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dental hard tissue repair 129
dentin formation 17
mesenchymal transcription factor

regulation 117
periodontal healing 17

bone resorption
IL-1 158
IL-6 159
interleukins 158–9
local inhibitors 159–60
pathophysiological 140
periapical 84
process 139–40
prostaglandins 159
TNFs 159

bone sialoprotein 148
bradykinin 9, 13–14
bridges

conventional 735
resin-retained 729–37, 808

bruising
bizarre 210
child physical abuse 209–10, 211, 212

burns, child physical abuse 211, 213

C3 154, 157
C3a 9, 20
C5 cleavage 155
C5a 9, 12, 14, 20, 155
Calasept® see calcium hydroxide
calcitonin 148

inflammation minimization after
replantation 178, 180

calcitonin gene-related peptide (CGRP)
152

calcitonin receptor 146
calcium hydroxide

bacterial killing 621
biologic effects 87–8
crown fracture treatment 598, 600
dentin

coverage and effects on 291, 665
disadvantages 658
external inflammatory root resorption

632, 634
hard tissue formation induction 603–4,

622, 623–4, 628
immature teeth, endodontic treatment

621–2, 623–5
liner 287, 288
mature teeth, treatment of 632
mineral trioxide aggregate (MTA®)

comparison of 660–1
pulp capping 87–8, 603, 621
pulpectomy 608
pulpotomy 600
prognosis of treatment 629–30,

631–2
tissue reactions to 622

callus formation, root fractures 342
cancellous bone 82
canines

autotransplantation to region 742, 744,
809

bleaching 801
color 799
cosmetic contouring 799–800, 801, 802
crown length 801
extrusion 799–800, 801
fixed prosthetics 809
implants to region 809
incisor simulation 799–800, 801, 802
replacement of 808–9

clinical examination form 880
clot adhesion to root surface 10–11
coagulation cascade 9, 10
collagen 18, 29

cross-links 7
deposition 12
fibrillar 38
production of 6
pulp capping 87
synthesis of 35, 39
types 34
wound healing 35
wound strength 32, 34–5

collagen membrane, guided bone
regeneration 777

collagenase 140, 142
communication

adolescents 204
talking to children 203–4
traumatic injury 200–1

complement, osteoclast recruitment
mediation 140

complement factors 37
complement system 12, 154
composite resin see resin composite
computed tomography (CT) 270

micro CT scanning 270–1, 272, 274
concussion injuries

complications 405, 408
healing predictors 409
information for emergency services

873
periodontal ligament injury 408
primary dentition injuries 527
pulp necrosis 405

radiographic findings 404
treatment 404

root resorption 405, 408
splints 404, 407
treatment 404, 407

contact guidance 4
contact sports 229
contusion, soft tissue 578, 579, 582
coronal fragment, root fractures 360,

361–3
cortical bone plates 82
corticosteroids, inflammation

minimization after replantation
176–8

cost-effectiveness, comparisons of
treatment 882

costs of injuries 861–6
Cox regression analysis 839
cracked tooth syndrome 285
crown(s)

build-ups 716–18
color change 382
dilaceration treatment 550, 552, 553–4,

566, 567–8, 569
discoloration

enamel 566
non-vital teeth 644–5
pulp canal obliteration 381, 385

form in orthodontic management
692

malformations 643–4, 645, 694–5
porcelain jacket, enamel

discoloration/defects 566
resin temporary 288
stainless steel for molar fractures

533
temporary, electric pulp testing

procedures 265–6

carbamide peroxide 852, 853
external bleaching 857
intracoronal bleaching 854

carbon dioxide snow, pulp testing 263,
264

carbon monoxide 40
cathepsin(s), odontoclasts 142, 147, 153,

155, 156
cationic neutrophil protein 20
cell cycle 3–4
cell implantation 122–3
cell-mediated immune reactions 158
celluloid crowns, temporary 288
cementoblasts 71, 76, 77

cell transplantation 125–6, 127
noggin expression 125
periodontal tissue regeneration 123
progenitor cells 79

cementogenesis, amelogenin influence
124

cementum
cell transplantation for repair 125–6,

127
deposition in root fractures 342
engineering 124–6
fluoride ion incorporation 461, 462
resorption 148
root fracture healing 346, 347

ceramic implants, avulsions 464
ceramic laminate veneers 297–300, 750,

754
autotransplantation 750, 754
canine contouring 799–800, 801, 802
esthetics 809–10
Toreskog/Myrin concept 810–11

cerebral involvement 255, 257–8
cervical loop 67, 68, 95

response to infection 67
response to injury 67

chemotactic mediators 4, 14
child physical abuse 207–15, 233

abrasions 210–11
bite marks 211, 212
bruising 209–10, 211, 212
burns 211, 213
collisions 229
dental trauma 211, 213
dentist’s role 213–14, 233
diagnosis 208–9, 214
differential diagnosis 213
etiology 208
eye injuries 211–12
facial fractures 212–13
falls 229
fractures 212–13
lacerations 210–11, 212
orofacial injuries 209
prevalence 207–8
primary dentition injuries 519
recurrence of 208

child protection agencies 214
chin trauma, and fractures of primary

and permanent dentition 258, 533
chlorhexidine 527, 583

oral hygiene 849, 874
plaque control 777, 779

chondroitin sulfate 12
chromophore molecules 852
cigarette burns and physical abuse 211,

213
classification of TDI 217, 218–19, 220–3

clinic 217, 218, 220–3
field screening 217, 219
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crown fractures (uncomplicated and
complicated) 255, 280–304

classification of 280
clinical findings 281–2
complicated 282, 283, 284–5
concomitant root fracture 613
dentin bonding agents 290, 291, 296
dentin exposure 598, 599, 600
enamel infractions 281, 282, 284, 301

treatment 285
endodontic management 598–611
etiology 280–1
examination 259
extent 302
first aid 872
fragment reattachment 290, 291–5, 296

bonding 292–3, 294
debonding 296
esthetics 296, 298–9
prognosis 303
retention 296–7
storage of fragment 292

frequency of 280
healing of 282–5, 598, 599
information for emergency services

873
infractions 280
internal bleaching 856–7
labial aspect reinforcement 295
light polymerization of composite 294
mineral trioxide aggregate (MTA®) use

659–61
orthodontic management of 671, 684
pathology of 282–5, 598, 599
primary dentition injuries 524–5, 526
prognosis 301–3, 600, 611
pulp

capping 604–5
healing 301, 303

pulp exposure 520, 600, 601, 602–5,
606–7, 608, 609–10

age factors 600, 603–5
healing 600, 601
pathology 600, 601
treatment 600, 602–5, 606–7, 608,

609
pulpectomy 608
pulpotomy complications 296, 605,

606–8, 608, 610–11
radiographic examination 282, 285
restoration 288
terminology 280
treatment 285–8, 598, 600

definitive 288
prognosis effect 302
provisional 288, 289

veneers 298–9, 297–301
crown-dilacerated teeth 643–4, 645
crown-root fractures (uncomplicated

and complicated) 255, 314–34
clinical findings 314–15
coronal fragment removal, and

supragingival restoration 318, 320,
321–2

etiology 314
examination 259
extraction 328
frequency 314
healing 318
iatrogenic injury 314
implants 762
information for emergency services

873

see also GLUMA® dental bonding
system

dentin bonding systems 719
endodontically treated teeth 663

dentin bridge 87, 88
anatomy 88–9
bioactive substance stimulation 88

dentin tubules 86, 91, 119
bacterial invasion 91

dentinoclasts 148
detachment from root surface 144

dentinogenesis 85
reparative 86, 129
tertiary 128

dentinogenesis imperfecta 233
dentinogenic cells, pulp 128
dentinogingival fibers 73–4, 78
dentin–pulp complex 84–93
dentists

pediatric 871–2
role in child physical abuse 213–14,

233
dentition see developing teeth injuries;

immature teeth; mixed dentition;
permanent dentition; primary
dentition injuries

dentoperiosteal fibers 73–4, 78
developing teeth injuries 63, 64, 65–72,

542–71
arrested root formation 560, 561, 562,

563
clinical findings 546–64
dilaceration 542, 545

crown 550, 552, 553–4
enamel, white/yellow-brown

discoloration 547–50, 551, 552,
564, 565, 566

eruption disturbances 563–4
etiology 544, 545, 546
frequency 542, 544
jaw fractures in children 505
malformations 476
odontoma-like malformations 552–3,

555, 556–7
treatment of 566

pathologic findings 546–64
periapical inflammation 659
radiographic findings 546–64
root angulation 542

lateral 560
vestibular 555, 558, 559, 560

root duplication 555, 557, 558
terminology 542

development defects of enamel (DDE)
index 544, 546

dexamethasone, inflammation
minimization after replantation
177–8

diabetes, implant failure 787, 788
diagnosis of injuries 255
dichlor-difluoromethane, pulp testing

263–4
differentiation-inducing factor (DIF) 159
dilaceration of crown 542, 545, 550, 552,

553–4
dilaceration of root 560

surgical/restorative treatment 566,
567–8, 569

discoloration after trauma
clinical recommendations 857, 858
crowns

enamel with porcelain jacket 566
non-vital teeth 644–5

orthodontic management of 671, 684,
685, 686–7, 706

extrusion of apical fragment 320,
324–5, 326, 327–8

pathology of 317, 318, 319
periodontal ligament healing 333
primary dentition injuries 526
pulp exposure 315
radiographic findings 315, 316–17
root resorption 328
surgical exposure of fracture surface

322, 323–4
surgical extrusion of apical fragment

320, 328, 329, 330–2
terminology 314
tooth survival 333
treatment of 318, 320, 321–2, 323,

324–5, 326, 327–8, 329–32
vital root submergence 328

custom-made mouth guard 823
Cvek pulpotomy 660
cyanoacrylate pulp capping 603
cysteine proteinases 140, 142
cytokines, dentin bridge stimulation 88

deaths, child physical abuse 208
debridement, soft tissue injuries 579
dental arch symmetry, orthodontic

management 692
dental bonding techniques, crown fracture

restoration 598, 600
dental follicle 63, 64, 65–6, 95

cells 117
response to infection 66
response to injury 65–6, 95
transplantation of 125–6, 127

dental injuries see traumatic dental
injuries

dental injury prevention 814–32
dentigerous cysts 562–3, 564, 569
dentin 84–93

bacterial invasion resistance 286–7
bonding to 719
bridge formation with mineral 

trioxide aggregate (MTA®) use
659, 661

calcium hydroxide weakening effects
665

conditioning 294
crown fractures 281–2, 286
discoloration 645
enamel-dentin fractures 282–5
exposure of 598, 599, 600, 750
formation after pulp revascularization

17, 91
Hertwig’s epithelial root sheath in

formation of 70–1
response to infection 70
response to injury 70

hydrogen peroxide, adverse effects 856
primary 119
reactionary 119
reparative 119
resorption of 148
root fracture healing 346, 347
secondary 119
secretion by odontoblasts 119
soft tissue inclusions 643
tertiary 86–7, 119
trauma 84–93, 96, 148
tubular 375

dentin bonding agents 287–8, 290, 291,
296, 297
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pulp canal obliteration 381, 385
with pulp necrosis 644

etiology 852
gingiva 807
internal bleaching 855
non-vital teeth 644–5
primary dentition injuries 546
pulp primary dentition injuries 533–4,

536
pulp canal obliteration 381, 385
white/yellow-brown of enamel 547–50,

551, 552, 564, 565, 566
distraction device 785, 786, 787
distraction osteogenesis 696

surgical technique 784–5, 786–7
DMBA carcinogenesis 853
DNA, cell cycle 3
dog bites 587
domestic violence 234
dopamine-β-hydrolase 152
doxycycline, revascularization of

immature tooth 191, 192, 193
drug abuse, crown fractures 233
Dycal® see calcium hydroxide
dynamic treatment approach to resin-

retained bridges 729–30

ear, bruising 209, 210
economics of TDIs 861–6

consequences of trauma 202, 203
cost-effectiveness comparisons 882

ectodysplasin gene 117
ecto-mesenchyme 116
edema, periodontal ligament 79
Edgewise technique 679, 681
education

campaigns 869–71
injury prevention 814, 817
public health 869

electric pulp testing (EPT) 261, 264–6,
618

laser Doppler flowmetry comparison
267, 268

pulp necrosis diagnosis 379, 381
sensitivity of test 266
specificity of test 266
stage of eruption of teeth 266

Emdogain® and periodontal healing
178–80, 181–2, 182

emergency care
organization 242–3
procedures 201
public awareness 242
records 876–9
treatment 202–3

emergency dental visit 174
first visit 174
second visit 193

emergency services, information for 872,
873

emotional stress 228
emotional support 872
enamel 69

bonding to 718–19
development defects 544, 546
etching 292, 293
fractures 281–2

properties 239, 241
treatment 286–7

hypoplasia 544, 545, 546
circular 548–50, 551, 552

infractions 281, 282, 284, 301
treatment of 285

epithelial rests of Malassez 71, 76, 77
eruption 64, 65

disturbances in developing teeth
563–4, 569, 571

facioversion 569
linguoversion 569, 571

erythrocytes 20
esthetics 197–8, 798–812

bleaching 854, 856
canine replacement 808–9
corono-apical positioning 769, 770
crown fracture fragment reattachment

296, 298–9
fixed prosthetics 807, 809
fracture restoration 809–10
implants 767, 769–70, 805–7, 809
maxillary incisor replacement 798–808
mesiodistal positioning of implants

769–70
multiple maxillary anterior teeth loss

809
orthodontic space closure treatment

798–801, 802, 807
porcelain laminate veneers 809–10
premolar autotransplantation 802, 803,

804–5, 808, 809
resin composite restoration 717, 721
resin-bonded/retained bridges 808
shoulder position 769–70
single tooth implants 805–7
space maintenance 692
trauma implications 200
veneers 298–9
see also facial esthetics

ethyl chloride, pulp testing 263
ethylene vinyl acetate (EVA) copolymers

821–2
etiology of TDIs 228–9
examination of injuries 255, 259, 260

clinical 258–67
history taking 255–8
pulp testing 261–7, 268
radiographic examination 267–8, 269,

270–1
sensitivity/specificity of pulp testing

261
external root resorption see root

resorption
extracellular matrix (ECM) 7, 12–13, 14

angiogenesis 31–2
extractions

bone remodeling 767
healing stages 766
implant placement timing 764–5, 766,

767
ritual 557

extraoral period, importance of 462
extraoral wounds, examination of 258
extrusive luxation 372, 373, 374, 411–27

clinical findings 411, 412
definition 411
diagnosis 416
healing of 411, 423
information for emergency services

873
marginal bone loss 418
mobility 416
pathology 411
percussion test 416
periodontal ligament healing 422,

424
predictors of healing 425, 426
primary dentition 527–8

microabrasion 564, 565, 566
response to injury 69
splinting impact 842
white/yellow-brown discoloration

547–50
with circular enamel hypoplasia

548–50, 551, 552, 566
treatment 564, 565, 566

enamel epithelium 66–7
inner 68, 69
reduced 69, 70, 95
response to infection 68, 69
response to injury 68, 69

enamel matrix derivative 122, 124
enamel matrix protein 178–80, 181–2,

182
enamel-dentin fractures 281–2, 282–5

fluid flow 283–4
pulp exposure 288
treatment of 286–7

enamel-forming organ 66–7, 96
endodontic implants, coronal fragment

stabilization 361–2
endodontic management

autotransplantation 750, 754, 755, 756
avulsions and replantation 615–18,

619, 620–1
cervical root fracture 629–30, 631
crown fractures 598–611

dentin exposure 598, 599, 600
prognosis 611
pulp capping 604–5
pulp exposure 600, 601, 602–5,

606–7, 608, 609, 609–10
pulp healing evaluation 610–11
pulpotomy 605, 606–8, 608

crown malformations 643–4, 645
external inflammatory root resorption

632, 633, 634, 635, 636
immature teeth 621–2, 623–5
luxated teeth 615–18, 619, 620–1
mature teeth 632
mineral trioxide aggregates 658–66
orthodontic treatment 671, 674, 675
pulp necrosis following pulp canal

obliteration 639, 640–1, 642, 643
replanted teeth 615–18, 619, 620–1

timing of procedure 625–6, 627,
628–30, 631–2

root fractures 611–14, 615
endoscopy preventive procedures 829
endothelial cells 6, 29, 30

migration 30
endotoxin 20
endotracheal intubation, tooth germ

dilaceration 545
energy of impact 235, 255
environmental determinants of TDIs

228–9
eosinophil leukocytes 152
epidemiology of TDI 223–8
epidermal cells, wound healing 7
epidermal growth factor (EGF) 4, 15, 16
epilepsy, illness-related TDIs 232
epinephrine 14
epithelial cells

differentiation 37
migration 36–7
mobilization 36
proliferation 37
response to injury 36
wound healing 36

epithelial repair 36–7
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extrusive luxation (continued)
prognosis of 415, 422
pulp healing 418
pulp necrosis 418, 422, 423
radiography 411, 414
repositioning 415, 416, 418
root resorption 418
splinting 417, 418
tooth survival 425
treatment 412, 415, 415, 416–17, 418

eye injuries, child physical abuse 211–12

face, dog bites 587
faceguards 817–18

mouthguard attachment 827
facial esthetics 197–8

space maintenance 692
trauma implications 200

facial fractures 227
child physical abuse 212–13

facial injuries
appearance alteration 198
child physical abuse 209

facial socket wall
contusion/gingival laceration 491
fracture 492, 499

F-actin filaments 141
falls 229

primary dentition injuries 517–18
fetus, wound healing 42
fiber-reinforced composites (FRCs) 731

fiber-reinforced resin-bonded bridges
734, 735, 736

resin-bonded cantilever 808
fibrin 9, 10, 11

angiogenesis 33
fibrinogen, under pulp capping 87
fibrinolytic peptides 152, 154
fibroblast growth factor, basic (bFGF) 124

reparative dentinogenesis 129
fibroblast growth factor (FGF) 15–16

angiogenesis initiation 31
dental hard tissue repair 129
mesenchymal transcription factor

regulation 117
periodontal healing 17

fibroblasts 6, 26, 28, 29
collagen synthesis 35, 39
mature 38
periodontal 76, 77
proliferation 4
pulp capping 87
reparative processes 13

fibronectin 6, 11–12
fibroplasia 6–7
first aid 815

avulsions 872
children 871–2
crown fractures 872
guidelines to public 871–2
lay people’s knowledge 242
permanent teeth 872
promotion 869

fixed appliances, orthodontic
management 682

fixed prosthetics 807, 809
fixed space maintainer 670, 692, 694, 695
fluid flow, enamel-dentin fractures 283–4
fluoride, root pretreatment 189, 190
fluoride ions, incorporation in cementum

layer 461, 462
foreign bodies

inhalation 260

grafts, bone onlay 776, 782
granulation tissue 32

alveolar bone trauma 83
complicated crown fractures 284, 285
interposition in root fracture healing

345, 349–51, 352
pulp capping 87
root fractures 342, 343
wound healing 6, 8, 9

growth factors 6, 14–18
carriers 18
clinical implications 16–17
delivery systems 18
dentin bridge stimulation 88
wound healing acceleration 43

guided bone regeneration (GBR) 769,
776

simultaneous approach 777, 778–9, 779
staged approach 777, 779, 780–1

gutta percha
heated 262
root canal obturation 33, 628–9, 630,

632, 642, 643

Hageman factor 154
Hanks Balanced Salt Solution (HBSS)

174, 175
haptotaxis 4
hard tissue formation

induction by calcium hydroxide 603–4,
622, 623–4, 628

mediators of resorption 148, 152, 153,
154–60

pulp canal obliteration 639, 640–1
hearing impairment 232
helmets

bicycle-related injury prevention 232
sports injury prevention 230–1

hemoglobin breakdown 644
heparan sulfate 12–13
heparins 12–13, 20
Hertwig’s epithelial root sheath (HERS)

69–72, 73
avulsions 476, 477
damage 375

intrusive luxation 428
degeneration 71, 76
injuries 96
odontoblastic differentiation 70–1
response to infection 71–73, 96
response to injuries 71–2, 73

histamine 13, 20, 153, 154–5
homeobox genes 116
Howship’s lacunae 146
human osteogenic protein-1 141
hyaluronic acid 12, 20, 42
hybrid layer formation 719
hydrogen peroxide 852, 853

adverse effects 855–6, 857
external bleaching 857
intracoronal bleaching 854

hypoxia inducible factor (HIF-1) 7

iatrogenic procedures 234–5
ice, pulp testing 262, 263
IL-1 receptor antagonist (IL-1ra) 160
illness-related TDIs 232–3
immature teeth

apexification of 622
continued root development 622, 625
endodontic management 621–2, 623–5
hard tissue formation in apical area

622, 623–4

intrusive luxation 430, 432
lip 95, 584, 585–6, 587
removal of 43, 580, 581, 582, 583
soft tissue injuries 580, 581, 582, 584,

585
tissue repair/regeneration 62
tongue laceration 587, 593
vestibular laceration 584, 585
wound healing process 42

fracture lines
crown–root fractures 315, 316
frontal impact 237–8
horizontal 238, 239, 240, 241
inflammation 507, 508
maxilla/mandible 505, 507
radiographic findings 492–3, 494, 495,

496–7
free edge effect 4
frenum tear 209, 210

gender, TDI distribution 225–6
gene therapy 122
general anesthesia, mouthguard use

829–30
genes, cross-talk 117
gingiva 72–4, 75

attached 72
attachment damage 428
blood supply 74, 78
condition after autotransplantation 754
discoloration 807
examination of injuries 258–9
fibrillar system 73–4, 78
free 72
healing

after avulsion replantation 476
after surgery 75
jaw fractures 510

hyperplasia 801
implants 768, 771
injury 75, 96, 223, 577
lacerations 237, 582–4, 585
lesion information for emergency

services 873
orthodontic extrusion 686
papilla loss 806–7
recession along porcelain crown 806
regeneration 96, 584
response to injuries 75
retraction 569, 571
splinting impact 842
supra-alveolar fibers 74, 78
sutures 583
wound closure 417

gingival epithelium 72–3, 74
gingival margin

autotransplantation 749
horizontal fracture 238, 239

gingival pocket, depth with implants 771
gingivectomy

autotransplantation 749
canine mesial movement 801
intrusions 432

glass, bioactive 122
glass ionomer bonding 720
glass ionomer cement 287–8

bandage 288, 289
glassblowers, crown fractures 281
GLUMA® dental bonding system 287,

290, 296
dentin conditioning 294

glycosaminoglycan (GAG) 6
Gorham’s disease 40
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intrusions 696, 697–9
revascularization of 191, 192, 193

immune complex formation 157–8
immune reactions, cell-mediated 158
immunoglobulin E (IgE) 157
immunological reactions 157
impact

energy 235, 255
force direction 236, 237
frontal 237–8
object resilience 235–6, 237, 255
object shape 236

implants
adjacent teeth 768, 771
alveolar process

creation of 771–2
treatment planning 771–2, 773

anterior region 761–89
antibiotic use 788, 789
autotransplantation comparison 740–1
avulsions 461, 464, 465

with/without subsequent
replantation 762

biologic aspects 767, 768, 769
biologic width 768, 769
bone

doubtful volume 773, 775–6
grafting 781–3, 784, 788, 789
integration 767
loss 763, 765, 770, 772–3
requirement 765
splitting 777

canines 809
clinical team 767
clinician challenges 767
comfort zones 770
crown-root fractures 762
danger zones 770
delayed 789
dimensions of 788, 789
failure causes/predictors 785, 787–9
gingiva 768, 771
gingival pocket depth 771
guided bone regeneration 769, 776

simultaneous approach 777, 778–9,
779

staged approach 777, 779, 780–1
hard tissue

augmentation 781–3, 784
volumes 767

horizontal augmentation 776–7
immediate 789
indications 761
infraposition of 764, 765
insertion

single gaps 773, 774, 775–6
timing and jaw growth 763–4

interdental papilla 768, 771
intrusions 762
loading of 789
long-term results 785
maxillary incisor replacement 805–7
non-submerged 788, 789
onlay grafts 776
oro-facial dimension 769, 770
osseointegrated 691
patient expectations 767
patient satisfaction 789
periodontal ligament relation 768
preoperative evaluation 772–3
prognosis of 741
prosthetic aspects 772
risk zones 770

patients 872, 874
post-trauma 203
for public 869

infraposition, implants 764, 765
infraposition of replanted teeth 684
injuries see traumatic dental injuries

(TDI)
injury prevention 243, 814–32

appliances 817–23
cost–benefit impact 829

children 815, 816
education 814, 817
promotion 869
road traffic accidents 830
sports 871

insulin-like growth factor 1 (IGF-1) 4, 15
periodontal healing 17
reparative dentinogenesis 129
wound healing 16

insurance 874
insurance companies 871
integrins 139, 141
intentional TDIs 233–5
interdental fibers 78
interdental papilla

implants 768, 771
loss with single implants 807

interferon β (IFN-β) 29
interferon γ (IFN-γ) 160
interleukin 1 (IL-1) 25

bone resorption 158
osteoclast recruitment 141

interleukin 3 (IL-3) 158
interleukin 6 (IL-6) 159
internal basement lamina 72–3
International Association of Dental

Traumatology (IADT) 869
International Classification of Diseases

(ICD), TDI 217, 218–19
Internet 869
intracranial hemorrhage, child physical

abuse 233
intrusive luxation 372, 373, 374, 428–43

clinical findings 428–9, 430
definition 428
healing 428
healing complications 438, 439–41
information for emergency services

873
marginal bone loss 438, 441
multiple intrusions 437
orthodontic extrusion 432, 433,

434–5
pathogenesis 428, 429
predictors for healing 442
primary dentition 525, 528, 530–2
prognosis 437, 439
pulp necrosis 438, 439, 442
radiography 429–30, 431–2
repositioning 432
root resorption 438, 440, 442
spontaneous re-eruption 432–3
surgical repositioning 436–7, 437
tooth survival 438, 441
treatment 432–3, 434–7, 437
treatment guidelines according to

trauma scenario 437, 438
intubation, prolonged 234
iron sulfide 645

jaw fractures 489, 492, 500, 503–4, 507,
508–10, 510

antibiotics 504

scar tissue 771
soft tissue

augmentation 781
volumes 767, 768, 769, 773

submerged 788, 789
surface of 789
surgical aspects 772–3
survival of 785, 787, 789
timing of placement 764–5, 766, 767,

789
titanium mesh use 776–7
treatment

options 765, 766
planning 763

types of 788, 789
veneer grafts 776
vertical augmentation

by alveolar distraction osteogenesis
783–5, 786–7

by bone transplantation 781–3, 784
incidence of TDIs 224–5

children 226
repeated episodes 225

infection-related resorption 374, 437, 444,
456–9, 472, 474

etiology 90
intrusion 440
lateral luxation 418
luxation 385
replantation of avulsed teeth 444, 462

infections
age factor 43
alveolar bone response 83–4
bone marrow response 84
cervical loop response 67
dental follicle response 66
dentin response 84, 91–3
devitalized soft tissue 583
dog bites 587
enamel epithelium response 68, 69
enamel-forming organ response 96
gingival response 75
Hertwig’s epithelial root sheath

response 72
jaw fracture response 562–3, 564
lip response 95
oral mucosa response 95
periapical abscess 83–4
periodontal ligament response 80–2
periosteum response 76
pulp response 91–3
skin response 95
soft tissue injuries 583, 594
wound care 594
wound healing process 40–2
see also bacteria; bacterial killing;

periodontitis
inflammation

medications for root surface soaking
175–84, 185

system methods of limitation 186–7,
188, 189

inflammatory cell types 152
inflammatory mediators 13–18, 148, 152,

153, 154–60
chemical 151, 152, 153

inflammatory resorption see infection-
related resorption

inflammatory response to trauma 148,
150–1

information
emergency services 872, 873
lay people 242
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jaw fractures (continued)
children 505, 507
dental disturbances 542, 544
healing 495–6, 498, 499
infection 562–3, 564
marginal bone loss 504
pulp healing 504
radiographic findings 494, 495
root resorption 504
splints 504
tooth eruption status 503
tooth extraction 503–4
treatment delay 504

jaw growth, implant insertion timing
763–4

junctional epithelium 72, 74

kallikrein 9, 154
keloid 36
keratan sulfates 12
kinins 154

lacerations of soft tissue
child physical abuse 210–11, 212
gingival 583–4, 585
lip 584, 585–6, 587, 589–91
soft tissue 579, 580, 582–4, 585–6, 587
tongue 587, 593
vestibular 583–4, 585

lactate 33, 38, 39
laryngoscope 829
laser Doppler flowmetry

electric pulp testing comparison 267,
268

luxation 381–2
pulp testing 261, 267, 268

lateral luxation 273, 372, 373, 411–27
anesthesia 420
children 415, 422
clinical findings 411, 413
definition 411
diagnosis 419–21
healing 411, 423, 425, 427
information for emergency services

873
marginal bone support loss 394–5, 423,

425
pathology 411
percussion test 419
periodontal ligament 374
periodontal ligament healing 423,

424
predictors of healing 425, 427
primary dentition injuries 519, 528,

529–30
prognosis 415, 423
radiography 411–12, 414, 419
repositioning of 354, 413, 415, 418,

420
root fracture treatment 354–8
root resorption 425
splinting 420–1, 848, 849
tooth survival 425
treatment of 412–13, 415, 418,

419–21
lay people, knowledge of injury 242
learning difficulties 232
Ledermix® 183–4, 185–6
legal issues, child protection 214
Leigh disease 519
leisure activities 228–31
Lesch–Nyhan syndrome 519
leukemia-inhibitory factor (LIF) 159

lymphocytes 4, 5, 6, 25–6, 27, 150–1, 152
lysosomal enzymes 153, 155–6

macrophage inflammatory protein-1α
140

macrophage-derived growth factors 24
macrophages 4, 5, 6, 23–5, 37, 38, 150–1,

152
angiogenesis 33

initiation 31
growth factor release 24

magnetic resonance imaging (MRI) 271
malformations see odontoma-like

malformations
malocclusion

orthodontic management 707
space closure 691, 692
space maintenance 692, 694

mandible
dislocation of fractures 492
fractures 489, 490, 493, 494, 500,

503–4, 507–10
children 505, 507
fibrous union 507
gingival healing 510
marginal attachment loss 510
periodontal ligament healing 507,

509
pulp healing/necrosis 507, 508–9
root resorption 507, 509

mast cell mediators 20
mast cells 20, 23, 152

angiogenesis 33
matrix 12–13

angiogenesis 33
provisional 6

matrix metalloproteinases (MMPs) 140,
141

matrix protein removal 142
maxilla fractures 493, 495, 500, 503–4,

507–10
children 505, 507
gingival healing 510
periodontal ligament healing 507, 509
root resorption 507, 509

maxillary arch, length deficiency 691, 692
maxillary incisor region

autotransplantation 741–2, 751, 753,
755

central 798–808
diagnostic set-up 798–9
eruption 64
fixed prosthetics 807
lateral 807–8
orthodontic space closure treatment

798–801, 802, 807
premolar autotransplantation 802, 803,

804–5
replacement of missing 798–808
single tooth implants 805–7
space closure 691–2, 693–4

maxillary teeth, multiple loss of 809
maxillofacial injuries

prevention 817
road traffic accidents 231
sports 230

mechanical stimulation 261
mechanisms of TDIs 235–40, 241, 242–3
medical history 257
mesenchymal paravascular cells 3
mesenchymal transcription factors 117
meta-analysis 835
metal implants, for root fractures 363

leukocytes 14, 38
see also neutrophils

leukotrienes 156, 157
life tables 835–40

logrank test 839
light emitting diode (LED) technology

721
lip

anatomy 94, 577
broad penetrating wound 587, 589–91
foreign body 95
impact 255
inadequate coverage 227
infection 95
injury 577
lacerations 584, 585–6, 587, 589–91
lesions

information for emergency services
873

penetrating 239, 241–2, 259, 577
narrow penetrating wound 587, 588
scarring 578
seal in orthodontic management 692
sutures 585, 586, 587
trauma 94, 95, 96, 237
wound healing 94, 95
wound opening 587, 588

lipopolysaccharide (LPS) 148
local anesthesia, soft tissue injuries

579
logistic regression model 839
luxation 372–97

ankylosis 390, 391
bone deposition 375
clinical findings in 372, 374
color change in crown 382
diagnosis 302
endodontic management 615–18, 619,

620–1
etiology 372, 373
extrusive see extrusive luxation
frequency of 372
healing of 374, 615–18

complications 377
incomplete root formation 376, 381
information for emergency services

873
intrusive see intrusive luxation
lateral see lateral luxation
marginal bone support loss 393–5
orthodontic management 671, 688
pathology 374, 615–18
periodontal ligament 374
primary dentition injuries

color change 533–4
pulp necrosis 535

prognosis of 376–7
pulp canal obliteration 376, 377, 381,

384, 385–6, 387, 388
pulp necrosis 377–9, 380, 381–5, 618,

619, 620–1
diagnosis 378–9, 380, 381–5
observation guidelines without

endodontic intervention 383–5
radiographic changes 382, 383

radiography 373–4
root canal resorption 392–3, 394
root development arrest 619, 620
root fractures 372
survival curves 378, 379
terminology 372
treatment 376

lymphocyte-derived TNF-3 159
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micro CT scan 270–1, 272, 274
labio-lingual bone measurement 772

milk, avulsed tooth storage medium 173,
174, 470

mineral trioxide aggregate (MTA®) 88,
525, 598

apexification 662–3, 664
bacterial leakage prevention 659, 661
biocompatibility 659
calcium hydroxide comparison 660–1
composition 658
endodontic procedures 658–66
hard tissue formation induction 659
non-mutagenicity 659
partial pulpotomy 659–61
pulp capping 659–61
pulp necrosis treatment 663
root fractures 663, 665–6
techniques 661

Minocycline®
inflammation minimization after

replantation 176, 177
revascularization of immature tooth

191, 193
mitosis 3, 4, 38
mobility testing 372
monocytes 23, 24, 25, 37
motor vehicle/motorcycle injury

prevention 830
see also road traffic accidents

mouth
blow in child physical abuse 211, 213
facial esthetics 197–8

mouthguards 231, 669, 817, 818–30
attachment to facemask 827
boil-and-bite 820, 821, 823, 827
care 827, 828
cerebral injury prevention 820
cost–benefit impact 829
custom 821, 823

fabrication 823–6
extension 825
function 818–20
general anesthesia use 829–30
materials 819, 821–2
mouth-formed 821, 823
neck injury prevention 820
orthodontic management 826–7
pitfalls in making 826, 827
quality 826
sport usage 818, 819, 823, 827, 828–9
stock 820–1
stock plates 822
suction 825
thickness 826
trimming 825, 826
types 820–3

multiple dental trauma episodes (MDTE)
865

multiple regression analysis 839
multivariate analysis 835
myofibroblasts 6, 7, 29

NADPH-linked oxygenase 6
nasoethmoid complex fracture 213
neck, bruising 209
necrotic cells 12
neglect, child physical abuse 208, 209
neovascularization 7, 30, 31
nerve regeneration 444
neuropeptide Y 152
neuropeptides 152
neurotransmitters 14

crown-root fractures 671, 684, 685,
686–7, 706

diagnosis 669–70
Edgewise technique 679, 681
endodontically-treated teeth 671, 674,

675
extrusion 684, 685, 686–7
fixed appliances 682
incisor replacement 798–801, 808
intruded teeth 695–6, 697–9
luxation 671, 688
malocclusion 707
mixed dentition 669
mouthguards 826–7
observation periods 671
permanent dentition 670

avulsions 688–9, 690, 691–2, 693,
694, 695

premolar autotransplantation 689, 690,
691, 694

preventive 669
primary dentition 669
prognosis 703, 706–7, 709
pulp canal obliteration 674
replantation of avulsed teeth 696,

699–701, 702, 703, 704–7, 708
retention planning 701
root

contour 678, 679
malformations 694–5
position 678, 680

root fractures 671, 687, 688, 689, 706
cervical 684, 685, 686–7

root resorption 675, 676–8, 678–9, 703,
706

clinical sequelae 707–8
risk 678–9, 680–2, 682, 683
surface 675, 676–8

seeking 201
space closure 691–2, 693–4, 703

treatment 798–801, 802
space maintenance 692, 694, 695, 703
treatment

planning 669–71, 672–3, 674–5
principles 675, 678–9, 680–1, 682,

683, 684
sequence 671, 672–3
timing 671, 672–3

osseointegrated implants 691, 767
osseous replacement

replantation of immature tooth 193
slowing of 189, 191

osteoblasts 76, 77, 137
bioactive glass response 122
bone resorption 140
IL-6 production 159

osteoclast differentiation
factor/osteoprotegerin ligand
(ODF/OPGL/RANKL) 144–5, 146

osteoclasts 25
activators 148, 150–1
activity 137–60

regulation 143–6
stimulus 80

attachment 141
bone mineral dissolution 141–2
bone organic matrix removal 142
degradation product removal 142–3
fate of 143
formation of 78
function of 139–43
histogenesis 137–8
identification of 146–8

neutrophils 4, 5, 6, 9–10, 21–3, 38
chronic wounds 23
migration 21, 39
phagocytosis 22

nicotine 40
noggin expression 125
non-accidental injury see child physical

abuse
norepinephrine 14
Notch signaling pathway 117, 128

obliteration of pulp canal see pulp canal
obliteration

occlusal relations
implant treatment planning 763
see also malocclusion

odds ratio 839–40
odontoblasts 84–5

disturbance 375
induction 71
lysosomal enzymes 155–6
process 119
pulp–dentin regeneration 126, 128

odontoclasts
cathepsins 147
function 139–43
identification 146–8
resorption 147–8
ruffled borders 147

odontoma-like malformations
developing teeth injuries 552–3, 555,

556–7
treatment 566

older people, TDI incidence 226
onlay bone grafts 776, 782
OPG/RANK/RANKL signaling pathway

78–9, 144–5, 146, 148
oral health, definition 201
oral hygiene 874

chlorhexidine 849, 874
splinting 849

oral injury prevention 814–32
see also faceguards; mouthguards

oral mucosa 93–6
examination of injuries 258, 259
injury 577
laceration 237
lesions 259
response to trauma 93–5, 96

oral piercing 232
oral surgical procedures, dental

malformation induction 542, 544
oral tissues

regeneration/repair 62–3
response to infection 62–96
response to trauma 62–96

orodental injuries, self-inflicted 519
orofacial injuries, child physical abuse 209
orthodontic appliances 844
orthodontic bands 350–1
orthodontic management 669–711

ankylosis 675, 677, 688
autotransplantation 689, 690, 691,

749–50, 751–4, 754
combined procedure 754, 755

avulsions 688–9, 690, 691–2, 693, 694,
695

Begg technique 679, 681
canine replacement 808
cortical bone borders 675, 678, 680
crown

fractures 671, 684
malformations 694–5
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osteoclasts (continued)
inhibitory factors 143, 148
integrin expression 141
local factors affecting 154
maintenance of 148, 149
mitochondria 139
morphology 138–9
origin of 137–8
periapical bone resorption 84
plasma membrane 139
polarization 141
recruitment 140–1, 141
repair 148, 150–1
resorption, bone 40, 141
root resorption 346
ruffled borders 138, 141–2
sealing zone 138–9
stimulatory factors 143

osteoconduction 123
osteodentin, root fracture healing 346
osteogenesis

bone marrow 82
distraction of alveolar bone 783–5,

786–7
osteogenesis imperfecta 233
osteopontin 148
osteoprotegerin/osteoclast inhibitory

factor (OPG/OCIF) 144–5, 146
osteoprotogerin (OPG) 78
osteosynthesis, jaw fracture repair 542
osteosynthesis screws 782, 783
osteotomy, surgical block 696
outpatient injury costs 864
overjet

incidence 669
injury risk 814
risk of trauma 669

oxidative killing, bacterial 40
oxygen, hyperbaric (HBO) 16, 40
oxygen partial pressure (PO2) 6
oxygen tension, wound 37, 38, 39, 40
oxygenation of wound 39–40

pain
control of 202
spontaneous 258

parathyroid hormone (PTH) 147, 148
patients

emotional support 872
expectations of implants 767
follow-up 874, 881
information 872, 874
observation period 835, 836
satisfaction with implants 789
withdrawn 837, 838–9

pediatric dentists 871–2
penicillin, root surface inflammation

limitation 187, 188
percussion test

extrusive luxation 416
lateral luxation 419
reaction to 260–1
root fracture 354

periapical abscess 83–4
periapical bone resorption 84
periapical inflammation, developing teeth

569
periapical radiolucency

primary dentition injuries 534–5
pulp canal obliteration 385
pulp necrosis 382

diagnosis of 378–9, 382, 618
replantation 628

plasmin 9
platelet activating factor (PAF) 20
platelet concentrate (PC) 17
platelet factor 4–18, 19
platelet-derived angiogenesis factor

(PDAF) 18, 19
platelet-derived growth factor (PDGF)

14, 15, 18, 19, 26, 29
angiogenesis 16
bone/periodontal healing 17

platelets 18, 19, 152
angiogenesis 33
cytokine release 18, 19

playground injuries 231
plexus of Raschkow 85–6
podosomes 141
poly-acid modified resin composites

(PMRC) 720
polyethylene glycol (PEG) hydrogel 18
polymorphonuclear leukocytes 37, 152,

157
polytetrafluoroethylene, expanded

(ePTFE) membrane 776
porcelain jacket in enamel discoloration

566
porcelain laminate veneers see ceramic

laminate veneers
positive pressure machines 826
post-traumatic stress disorder (PTSD)

199
predictors 840
predisposing factors to TDIs 227
prefabricated metal splints 844, 848
premolars, autotransplantation 689, 690,

691, 694, 752–3, 757
canine replacement 809
maxillary incisor replacement 802, 803,

804–5, 808
prevalence of TDIs 199, 219, 224–5

children 226
repeated episodes 225

prevention of TDIs see injury prevention
primary apical foramen 70
primary dentition injuries 516–39

alveolar process fracture 530, 533
ankylosis 537, 538
avulsions 530, 533
color change 533–4, 536
complications 533–7
concussion 527
crown fractures 524–5, 526

pulp necrosis 535
crown–root fractures 526
developing tooth germ relationship

524
discoloration 546
displacement 519–20
early injuries 544
epidemiology/etiology 517–19
examination 523
extrusion 527–8
fractures secondary to chin trauma 533
guidelines to public 871–2
hard tissue formation 521–2
healing 520
incisor root canal treatment 536
infection following intrusion 517, 518
information for emergency services

873
information for patients 872
intrusion 519, 525, 528, 530, 531–2

infection following 517, 518
labial bone plate penetration 519

pericytes 29, 30, 31, 119–20
periodontal disease, gingival retraction

569, 571
periodontal fibers, orthodontic extrusion

686
periodontal fibroblasts 76, 77
periodontal fibrotomy, orthodontic

extrusion 686
periodontal ligament injury

accident site 173–4
apical healing 81–2
avulsion and replantation 175, 450–1,

452, 453, 454, 455, 456
bleeding 79
concussion injury 408
condition after autotransplantation

754
contusion injuries 80, 428
dead cell removal 191
displacement resistance 238, 239
edema 79
engineering 124
extrusive luxation healing 422, 424
fibers 63, 76, 77, 78
formation 63
function 78
healing 10–11, 17, 79, 80–2

autotransplantation 746, 748, 749
crown–root fractures 333
jaw fractures 507, 509
lateral luxation 423, 424
medications aiding 175–89
optimization 172–94
predictors in avulsion 476, 477
splinting impact 842

homeostatic mechanism 78–82
innervation of 78
lateral luxation 422, 423, 424
luxation injuries 374

extrusive 422, 424
injury diagnosis 301, 302
intrusion 428
lateral 422, 423, 424

periapical inflammation 80, 81
progenitor cells 62, 79
pulp cavity invasion 386
regeneration 123
resorption 80, 81
response to trauma 79–80
rupture 79–80
stem cells 118–19, 124
subluxation injury 408
trauma 96, 123
vasculature 78

periodontal ligament–cementum complex
76, 77, 78–82

periodontal structures, resilience 255
periodontal tissue

hard-tissue formation 622, 623–4
regeneration 123–4
TDIs 221

periodontitis
alveolar bone infection 83
implant survival 788

periodontium, stem cells 118–19
periosteum 75–6

gingiva 96
response to trauma 75

Periotest® calibrated percussion
instrument 261

phagocytosis 22
phosphoric acid etching 719
piercing, tongue/oral 232
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luxation injuries 520–2, 528, 529–30
color change 533–4
pulp necrosis 535

orthodontics 669
pathogenesis of 519–20
pathology 520
periapical radiolucency 534–5
permanent teeth relationship 542, 543
pulp 520–2

color change 533–4, 536
necrosis 535–7
tube-like mineralization 522

pulp canal obliteration 534, 537
radiographic examination 523–4, 525
replantation contraindication 530
root fractures 337, 526, 527
root resorption 537, 538
self-inflicted 519
splinting 849
subluxation 527
tooth alignment 523
tooth mobility 523
treatment regimens 524

primer systems, self-etching 719
prisoners, tortured 234, 235
progenitor cells see stem cells
prognosis of TDIs 835–40, 874

life tables 835–40
quantitative expression 835–9

progressive root resorption see infection-
related resorption; replacement
resorption

prostacyclin (PGI2) 13, 156
prostaglandin(s) 13, 156–7

bone resorption 159
prostaglandin D2 (PGD2) 13
prostaglandin E2 (PGE2) 13, 156–7

bone resorption 159
prostaglandin F2 (PGF2) 13
prosthetics, fixed 807

canine replacement 809
proteinases 23
proteoglycans 6, 12–13
psychological development stages

199–200
psychological impact of trauma 197–204
psychosocial factors, TDIs 228
public, guidelines for 871–2
public awareness

campaign 869–71
emergency care 242

public health education 869
pulp 84–93

amputation 602–3
arteriovenous shunts 85
avulsions

healing predictors 476, 477
reactions to 444–7, 448, 449

bacterial contamination 616–17
bacterial effects on healing 286, 287
calcifications 375
capping 87, 89, 604–5

mineral trioxide aggregate (MTA®)
use 659–61

cell transplantation 128
circulation arrest 374–5
color change in primary dentition

injuries 533–4, 536
crown fractures 301, 303

complicated 282, 283
crown–root fractures 315
cyanoacrylate capping 603
dentinogenic cells 128

primary dentition injuries 534, 537
prognosis 835, 836, 837
pulp necrosis 639, 640–1, 642, 643

development 385–6, 387, 388
pulpotomy complication 610–11
radiography 385
root development stage 383, 385
root fracture healing 346, 347, 348,

349, 358, 363–4
splints 385, 387
total 385

pulp cavity, bone/periodontal ligament
invasion 386

pulp cells, nuclear pyknosis 520, 521
pulp necrosis 91–2, 128

apical radiolucency 382
autotransplantation 748–9
avulsions 618, 619, 620–1

replantation 466, 468–70
bleaching 857, 858
calcium hydroxide effects 621
color change 378, 380, 381, 382
concussion 405, 407
crown

discoloration 644
fractures with pulp exposure 600,

601
malformations 643

diagnosis 267, 378–9, 380, 618, 619,
620–1

irreversible 383
pulp testing 379, 381–2

discoloration of crown 644
failure definition 838
immature teeth 663
infected 83–4
irreversible 383
jaw fractures 507, 508–9
luxation 375, 377–9, 380, 381–5, 418,

422, 423
diagnosis 378–9, 380, 381–5, 618,

619, 620–1
extrusive 418, 422, 423
intrusive 438, 439, 442, 695, 697–9
lateral 418, 422, 423
radiographic changes 382, 383
root development stage 377, 378,

379
type 377, 378, 379

mineral trioxide aggregate (MTA®)
treatment 663

observation guidelines without
endodontic intervention 383–5

partial 72
periapical radiolucency 378–9, 382
predictors 302, 303

primary dentition injuries 536
primary dentition injuries 535–7, 537
prognosis 835, 836, 837
pulp canal obliteration 639, 640–1, 642,

643
pulpotomy complication 610–11
radiographic changes 382, 383, 618
replantation 618, 619, 620–1
root fractures 350–1, 358, 359, 360–3,

364, 366
diagnosis 611
infected 342
mineral trioxide aggregate (MTA®)

use 665, 666
secondary development in pulp canal

obliteration 385–6, 387, 388
subluxation 405, 408

discoloration
primary dentition injuries 533–4,

536
response 852

dressings 603–4
exposure

crown fractures 600, 601, 602–5,
606–7, 608, 609–10

enamel-dentin fractures 288
mineral trioxide aggregate (MTA®)

use 659–61
extirpation timing 472
fragment reattachment response 296
healing

autotransplantation 746, 748–9
complications in primary dentition

injuries 533–5
evaluation 610–11
jaw fractures 507, 508–9
optimization 172–94
predictors in avulsion 476, 477
root fractures 358, 359, 360–3
splinting impact upon 842
storage period 469–70
tissue storage media 469–70

hyalinization 375
infection 83–4, 91
inflammation 89, 90
injuries 62

stem cells 120–1
luxation 374–6

primary dentition injuries 520–1,
522

nerves 85–6
functional repair 466, 468

primary dentition injuries 520–2
color change 533–4, 536

progenitor cells 121
regeneration after trauma 126, 128–9
regressive changes 375
repair/regeneration 90–3
replantation reactions 447, 448, 449
revascularization 128

after replantation 468
detection 267
root canal width/length 468–9
root fractures 342

stem cells 119, 120–1
bioactive molecules 128–9

stroma 119
surgical procedures 602–3
survival in crown fractures 301, 303
TDIs 84–93, 96, 218, 220
tube-like mineralization 522
vasculature 85, 86
wound healing response 86–7, 90, 128

pulp canal obliteration 91, 303
apical radiolucency 385
avulsion replantation 467
discoloration 381, 385
failure definition 838
fixation type relationship 385, 387
hard tissue formation 639, 640–1
luxation 376, 377, 381, 384, 385–6, 387,

388
extrusive 418
intrusive 695–6
lateral 418

mechanical preparation 642
orthodontic management 674
partial 346, 347, 385
pathology 639, 640–1, 642, 643
periapical healing 642
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pulp necrosis (continued)
transient apical breakdown 382
transillumination 378, 380

pulp polyp 282, 283
pulp testing 261–7, 268

crown fractures 291
interpretation of tests 266
laser Doppler 261, 267, 268
mechanical stimulation 261
principles 261
pulp necrosis diagnosis 379, 381–2
root fracture 354, 358, 360
sensitivity/specificity of 261, 262
thermal tests 261–4
see also electric pulp testing

pulp–dentin border, innervation 85–6
pulp–dentin complex 84–93

regeneration 17, 126, 128–9
pulpectomy, crown fractures 608

primary dentition injuries 525
pulpotomy 89

complications 610–11
crown fractures 296, 605, 606–8, 608

primary dentition injuries 525, 533
materials 88
partial and mineral trioxide aggregate

(MTA®) use 659–61

quality of life, psychosocial impact of
trauma 201

quartz tungsten halogen (QTH) units 721

rabies vaccination 587
radiographic examination 267–71, 273,

274
alveolar fractures 489
avulsion 444
concussion 404
crown fractures 282, 284
crown root fractures 314
extrusion 412
follow-up examination 874
intrusion 428
lateral luxation 412
panoramic technique 268, 270
primary teeth 523
root fractures 337
soft tissue wounds 577
subluxation 404

RANKL (receptor activator of NFkappa-B
ligand) 78, 144–5, 146

see also OPG/RANK/RANKL signaling
pathway

reactive oxygen 6
recall schedule 839
records

clinical examination form 880
emergency 876–9
follow-up 881
treatment 881

regeneration 3
removable splints 848
repair 3
replacement resorption (ankylosis) 334,

437, 444, 456–9, 472, 474
etiology 90
intrusion 440
lateral luxation 418
luxation 385
replantation of avulsed teeth 444, 462

replantation of avulsed teeth see avulsions
and replantation

report on injury 874

bacterial contamination 93
bony invasion 470
calcium hydroxide filling 626, 627, 628
chemo-mechanical cleansing 626
disinfection 193
file size for reaming 642
infected 81–2
mechanical preparation of obliterated

642
obturation with gutta percha 628–9,

630, 632, 633, 639, 642, 643
reaming 642
resorption 392–3, 394, 638–9
revascularization with antimicrobial

treatment 93
root fractures

healing 346, 347
treatment 612–13, 614

surface resorption 638
tunneling resorption 638
width 468–9
see also endodontic management; pulp

canal obliteration
root contour with orthodontic

management 678, 679
root development stage 360

avulsion replantation 471–2
pulp canal obliteration 383, 385
pulp necrosis risk in luxation 377, 378,

379
root dilaceration 560
root duplication in developing teeth 555,

557, 558
root filling 674, 675
root fluoride pretreatment 189, 190, 191,

192, 193
root fractures 337–67

apical fragment 353, 358
removal of 362–3

bone/connective tissue interposition
345, 348–9

callus formation 342
cementum deposition 342
cervical 629–30, 631

inflammatory root resorption 635
orthodontic management 684, 685,

686–7
clinical findings 337–8
concomitant crown fracture 613
connective tissue interposition 345,

348, 349, 364, 687, 689
coronal fragment 360, 612–13

stabilization 361–3
dentinogenesis imperfecta 233
diagnosis 267–8, 269, 270–1
endodontic management 611–14, 615
etiology 337
exposed pulp 614
extraction 360

procedures 353, 357
follow-up 358, 359, 360–4
frequency 337
granulation tissue 342, 343

interposition 345, 349–51, 352
healing 340, 342–53, 357, 611

absence 359
with calcified tissue 345, 346, 347
injury factors 360, 361, 365
modalities 345, 346, 347, 348–51
predictors 364–5, 366
pre-injury factors 360, 361, 365
type 365

horizontal 360

resin adhesive materials 88, 720
resin composite materials 720

curing 720–1
fracture resistance 725
hybrid 720
splints 844

resin composite restorations
adhesive techniques 718
anatomical layering technique 722–3,

724
autotransplantation 750, 751–3
bond, dentin, enamel 718–19
critical points 721, 722, 723–6
crown

fracture restoration 598, 600
matrix 724, 725–6

curing of 720–1
durability 724–5
esthetics 717, 721
failures 718
finish 724, 726
indications 724–6
long-term prognosis 716–18
materials 718–21
occlusion/articulation 724
polish 724, 726
preparation techniques 721, 722–3
restorations 716–27

microleakage of 287
shade selection 721, 723
survival 717–18
tooth color 721, 723

resin crowns, temporary 288
resin splints 843, 844, 847
resin-bonded/retained bridges 729–37

abutment teeth 733, 735
cast metal 731, 733, 734, 736
comparison with alternative treatments

735–6
direct 731, 732
dynamic treatment concept 729–30
fiber-reinforced 733–5, 736
indications for 729, 730
indirect 731, 733, 735
maxillary incisor replacement 808
prognosis 730, 735–6
retention wings 731, 733
survival of 736
tooth preparation 733
treatment planning 729, 730

resin-modified glass ionomer cements
(RMGIC) 720

restorations
bleaching agent effects 853
root fractures 360
see also resin composite restorations

risk ratio 839–40
risk-taking 228
road traffic accidents 228–9, 231–2

extraoral wounds 258
oral injury prevention 830

root angulation 542
lateral 560
vestibular 555, 558, 559, 560

root arrested formation 520, 560, 561,
562, 563

due to autotransplantation 748, 749
due to luxation 619, 620
due to replantation 475–6
primary dentition injuries 534–5

root canal
anti-inflammatory drug reservoir

183–4, 185–6
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immobilization 351–2, 353, 355
implants 762
information for emergency services

873
luxation 372

lateral 354–8
metal implants 363
micro CT scan 271, 274
mineral trioxide aggregate (MTA®) use

663, 665–6
oblique 360
orthodontic management of 671, 687,

688, 689, 706
partial 340, 341
pathogenesis 338, 346
pathology 342, 343, 611
primary dentition injuries 526, 527
prognosis 358, 614
pulp

healing 358, 359, 360–3
revascularization 342

pulp canal obliteration 346, 347, 348,
349, 358, 363–4

pulp necrosis 350–1, 358, 359, 360–3,
364, 366

diagnosis 611
infected 342
mineral trioxide aggregate (MTA®)

use 665, 666
radiographic findings 338–40, 341, 345
radiographic follow-up 358, 359
repositioning 354, 356
root canal

treatment 612–13, 614
widening 346, 347

root resorption 344, 345, 346, 364, 365
semi-rigid fixation 351–2, 353, 355
splinting 351–2, 353, 355, 356, 357, 359,

849
flexible 364
forceful application 361

subluxation injury 359
terminology 337
tooth survival 365, 366
treatment 351–3, 354–7, 358, 612–14

root growth disturbance with avulsions
475–6

root malformations 561, 562, 563,
694–5

root phantom 475–6
root position before orthodontic

treatment 678, 680
root preparation for healing 175–89
root resorption 172–3

ankylosis replacement 390, 391
arrest of 633, 634, 635
avulsions 461, 465

replantation 467, 470–2, 473, 474–5,
478

cells 146–7
cervical root surface 392, 636–7
concussion 405, 408
crown fractures 303
emergency dental visit for prevention

174
erupting teeth 474–5
external inflammatory 364, 388, 389,

390, 392
ankylosis 634, 636–7
endodontic management 632, 633,

634, 635, 636
late 636–7

external replacement 364, 365

trauma 96
see also lip

slow reacting substance of anaphylaxis
(SRS-A) 20

smoking
implant failure 787, 788
wound healing process 40

socio-economic factors
child physical abuse 208
deprivation 228
TDI distribution 226–7

socio-psychological aspects of TDIs
197–204, 228

socket wall fractures 498, 499, 500, 504
sodium hypochlorite 626
sodium perborate 854

esthetics 856
soft tissue injuries 227, 577–95

antibiotics 594
avulsions 579, 580, 587
cleansing 579–80, 581, 582
closure 579
debridement 579
devitalized 583
emergency management 579–80, 581,

582–4, 585–6, 587
examination 579
foreign bodies 580, 581, 582, 584, 585

removal 580, 581, 582, 583
hemostasis 579
infections 583, 594
information to emergency services 872
sutures 587
terminology 577
tetanus prophylaxis 594
types 578–9
wound closure 587, 594
see also abrasion; avulsions; contusion;

lacerations
soft tissues around implants 767, 768,

769, 773, 781, 807
soil, foreign body component 42
space closure, orthodontic management

691–2, 693–4
space maintainer, mixed dentition 669,

670
splints/splinting 842–50

alveolar fractures 500, 502–3, 849
ankylosis 849
autotransplantation of teeth 746, 747,

849
avulsions and replantation 460, 461,

463, 472, 848
blood supply effects 40
concussion 404, 407
duration of 848–9
electric pulp testing procedures 265–6
enamel

changes 842
coverage 288

extrusion luxation 848, 849
gingival effects 842
intrusions 848
jaw fracture 504
length of 849
luxation

extrusion 417, 418
lateral 420–1, 848, 849

materials 843
mechanical properties 843–4, 845–7,

848
methods 843
oral hygiene 849

external surface 344, 346, 347, 348, 364
fixed appliance use 682
hydrogen peroxide bleaching 855–6
index 675, 680
infection-related/inflammatory 144,

172, 390, 392, 458, 459
avulsion healing 456–7, 458, 459,

472, 474
luxated teeth 688
orthodontic management 675, 676

internal 392–3, 394
internal surface 344, 346, 347, 348, 364
internal tunneling 344, 345, 364, 393,

394
jaw fractures 507, 509
luxation 386, 388, 389, 390, 391, 392–3

extrusion 418, 422, 424
infection-related/inflammatory 688
intrusion 438, 440, 442, 695
lateral 418, 422, 424, 425

orthodontic management 675, 676–8,
678–9, 680–2, 682, 683

clinical sequelae 707–8
risk of 703, 706

osteoclastic activity 346
primary dentition injuries 537, 538
prognosis 835, 836, 837
repair-related 172, 390
replacement 173, 390, 391, 472, 473

avulsion healing 451, 453–4, 455
luxated teeth 688
orthodontic management 675, 677
progressive 453–4
transient 453, 454, 456

root filling 674, 675
root fractures 344, 345, 346

healing 364, 365
subluxation 405, 408
surface

avulsion healing 451, 452
with cemental repair 172
orthodontic management 675, 676–7

tunneling 454, 455
root surface contamination 472
root surface soaking 175–89

to minimize inflammation 175–84, 185
root systemic methods to limit

inflammation 186–9, 188, 189

saline, avulsed tooth storage 173, 174,
175, 470

saliva, wound healing 16
scar

contracture 7
hypertrophic 36

scar tissue 8
excessive deposition 36
functional properties 35–6

seasonal variation in TDIs 228
self-etching primer systems 719
self-inflicted injuries 519
sequestration of tooth germs 562
serine proteinases 142
serotonin 13, 20, 153, 154
severity of injuries 861–2
Sharpey’s fibers 36, 76, 77
skeletal deviations, mixed dentition 669
skin 93–5

foreign body removal 580, 581, 582,
583

oral mucosa wounds 16
response to trauma 93–5, 96
tattooing 582, 583
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splints/splinting (continued)
orthodontic appliances 844
periodontal healing effects 842
physiologic 175
prefabricated metal 844, 848
primary dentition 849
pulp canal obliteration 385, 387
pulp healing effects 350–1, 842
removable 848
requirements 842–3
resin 843, 844, 847
root fracture(s) 849

primary dentition injuries 526
root fracture treatment 351–2, 353,

355, 356, 357, 359
flexible 364
forceful application 361

subluxation 404, 407
suture splints 843
types 848–9
wound healing 43

spontaneous root fractures 602, 629
sports injuries 228–31

costs 862
prevention 871
risk 815

see also faceguards; mouthguards
stannous fluoride, root pretreatment 189,

190
stem cells 3, 114–31

adult 115–16, 119
cell implantation 122–3
dental 116
dentinogenic 120
detection 116
ecto-mesenchymal 116
embryonic 115
fusion 118
origin of dental 116
osteogenic 123
periodontal ligament 118–19, 124
periodontal tissue regeneration 123
periodontium 118–19
plasticity 118
pulp 119

bioactive molecules 128–9
injury 120–1
transplantation 128

stratified analysis 835
subluxation 372, 373, 404–5, 406–9,

409–10
complications 405, 408
features 406
healing predictors 409
incomplete root formation 381
information for emergency services

873
injury mechanism/pathology 406
periodontal ligament 374

injury 408
primary dentition injuries 527
pulp necrosis 405, 408
root fracture 359
root resorption 405, 408
splints 404, 407
treatment 404, 407

submucosal hematoma, sublingual 259
substance P 152
sulcular epithelium 73, 74
superoxide 39
surgical block osteotomy 696
surgical exposure 317
surgical extrusion 687

transient apical breakdown 382
transient marginal breakdown 394–5
transient replacement resorption 453
transseptal fibers 74
traumatic dental injuries (TDI) 1

accident site 173–4
complications 863–4
costs 861–6

of multiple 815
presentation 865

direct/indirect 235
economic aspects 861–6
extent of 255
frequency of 219
function loss 198, 199
impact reduction 202–3
incidence of 219
indirect 259
intentional 233–5
lay knowledge 242
mechanisms of 235–40, 241, 242–3
multiple episodes 815, 865
number of people involved 864
pattern of 255
place of 228
post-traumatic stress disorder 199
prognosis of 835–40
repeated 256–7
report of 874
risk 814–15

of multiple 815
overjet 669

self-inflicted 519
severity 861–2
types 227–8
unintentional 229–33
see also injury prevention

treatment
children 871–2
cost-effectiveness comparisons 882
costs 861–6
delay 271–3
economic consequences 202, 203
emergency 202–3
follow-up 202, 203, 874, 881

records 881
needs 239–40, 242

assessment 201
plan 201–3
post-procedure discussion 203
preparation 202
records 881
resources 862–5
strategies 173–89
support 202–3
time spent 862–4

trends in TDIs 225
triamcinolone 186
tumor necrosis factor α (TNF-α) 31

bone resorption 159
osteoclast recruitment 141

tumor necrosis factor receptors 141
Twist-1 gene expression 118

uncomplicated crown fractures 280
uncomplicated crown-root fractures 280
unintentional TDIs 229–33
univariate analysis 835

vacuum suction machine 824–5
vanishing bone disease 40
vascular endothelial growth factor

(VEGF) 7, 15, 16

survival analysis 835–8, 840
survival data, grouped 836
suture splints 843
sutures

blood supply effects 40
gingival 583
lip lacerations 585, 586, 587
monofilament 587
multifilament 587
tongue 587, 593
wound closure 587, 594
wound healing process 42, 43

T lymphocytes 25–6, 27, 158
temporomandibular joint (TMJ)

dysfunction 807
radiographic examination of 268, 270

terminology of traumatic dental injuries
217

tetanus prophylaxis 594
tetracycline

inflammation minimization after
replantation 175–6, 186

pre-treatment with 459, 479
revascularization of immature tooth

191, 192, 193
root surface inflammation limitation

187, 188, 189
thermal tests, pulp testing 261–4
thrombin 9, 10
thromboxane A2–13
thromboxanes 156
time interval to treatment 271, 872
tissue adhesives, wound closure 587
tissue engineering 121–3

cementum 124–6
periodontal ligament 124

tissue perfusion
smoking 40
wound healing 39

tissue regeneration 114–31
tissue storage media 173–4, 175, 459

avulsion replantation 470–1
pulpal healing relationship 469–70
specialized 182–3

titanium mesh, implants 776–7
titanium trauma splints 843, 844, 848, 848
tongue

lacerations 587, 593
penetration by teeth 577
piercing 232
suturing 587, 593

tooth see teeth
tooth germ

developing permanent 519–20, 524
dilaceration 545
ectopic development 558
pathologic changes 546
sequestration 562–3, 564

toothguards, during anesthesia 235
Toreskog/Myrin concept 810–11
torture and dental injuries 234, 235
transforming growth factor(s) (TGFs)

14–15
transforming growth factor α (TGF-α)

18, 19
transforming growth factor β (TGF-β)

14–15, 18, 19, 29, 129
angiogenesis 16
bone resorption inhibition 159–60
dentin bridge stimulation 88
periodontal healing 17
reparative dentinogenesis 129



Index 897

vasoactive amines 154–5
vasoactive intestinal peptide (VIP)

152
veneers 776

ceramic laminate 297–301, 750, 754
canine contouring 799–800, 801,

802
esthetics 809–10
Toreskog/Myrin concept 810–11

contraindications 299
crown fractures 298–9, 297–301
enamel discoloration/defects 566
patient selection 299–301

vestibular root angulation 555, 558, 559,
560

ViaSpan® 174, 182–3, 459
violent incidents 228–9, 233–4
visual impairment 232
vitallium implants 461, 465
vitamin D3–149

walking bleach method 853, 854
websites 869
white or yellow-brown discoloration of

enamel 547
clinical findings 547
frequency of 542
pathology of 548
terminology of 542
treatment of 564

wire-composite splints 843, 844, 845–6

cells involved 2, 18, 19, 20–6, 27–8, 29
chronic wounds 23
coagulation/coagulation cascade 9–11
definition 1
dynamics 4, 5, 6–8
epithelialization 7, 36–7, 39
factors affecting process 39–43
fetus 42
hemostasis phase 9
implant failure 787, 788
inflammation phase 4, 5, 6, 20, 25

mediators 13–18
lactate 33, 38, 39
lip 94, 95
microenvironment 37–9
module 38–9
optimizing 43
periodontal 17
proliferative phase 6–7, 12–13, 25
pulp 86–7, 90, 128
remodeling phase 8, 35–7
saliva in acceleration 16
second wound 42
traumatic injury 1

yellow-brown discoloration of enamel see
white or yellow-brown
discoloration of enamel

zinc oxide-eugenol cement 605
root canal treatment 536

withdrawn patients 837, 838–9
World Health Organization (WHO)

Health Promoting Schools Programme
243

Healthy Cities Programme 243
International Classification of Diseases

217, 218–19
oral health definition 201

wound(s)
closure

children 587
methods 8–9
soft tissue injuries 587, 594

contraction 6, 7
fibroblasts 29

debridement 43
distant response 42
fluid 37–8
ischemic edges 39
oxygen tension 37, 38, 39, 40
primary and delayed healing 8, 9
secondary healing 8–9
strength

development 32, 34–5
tensile 32, 34, 35–6

types 8–9
wound angiogenesis factor (WAF) 31
wound healing 1–44

angiogenesis 6, 7, 16, 29–32
stimulation 13
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