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Preface

This book is designed to provide a clinically useful overview of our field - Urogynecol
ogy and Reconstructive Pelvic Surgery. Each chapter is meant to give a thorough yet
concise amount of information. Weassembled a world-class group of authors and asked
each of them to focus on the information that they use in practice every day.

This text is appropriate for general gynecologists, physiotherapists, obstetrician
gynecologists, urologists, family practice and internal medicine physicians, nurse
practitioners, physician assistants, and any other practitioners who regularly find
themselves caring for women with pelvic floor dysfunction.

Kaven Baessler
Bernhard Schiissler
Kathryn L. Burgio

Kate H. Moore
Peggy A. Norton
Stuart L. Stanton
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Part I
Function and Dysfunction of
the Pelvic Floor and Viscera



1.1
Functional Anatomy of the Pelvic Floor and
Lower Urinary Tract
Daniele Perucchini and John 0.1. DeLancey

Key Message

Pelvic floor rehabilitation is dependent on a
meticulous insight into relevant anatomy. There
fore, this chapter describes not only the anatomy
of the organs and muscles involved but also their
topography and innervation. Predominantly its
focus is on functional anatomy. Besides other
issues, the following questions, which are neces
sary for understanding pelvic floor function, are
extensively discussed:

• How is the pelvic floor muscle (PFM) able to
empower the urethral closure mechanism?

• What are the anatomical deficiencies related
to the prevention of successful pelvic floor
re-education?

• How are the pelvic organs kept in place?
• What is the anatomical deficit when stress

urinary incontinence (SUI) or prolapse occurs?
• What is the mechanism of the anal sphincter

unit?

Introduction

The bony pelvis lies in the middle of the human
body. It supports the spinal column, which
attaches to it posteriorly, and provides the points
of articulation for the femur and the lower
extremities. It cradles the abdominopelvic organs
that rest above and within it; however, because
the bony pelvis is only a hollow ring, its contents
would plummet to the ground unless it had a
bottom. The "pelvic floor" is the bottom of this

pelvic container and includes all of the structures
that lie between the pelvic peritoneum and the
vulvar skin (Fig. 1.1.1).

Pelvic floor disorders are common, affecting
one in nine women.' They include pelvic organ
prolapse, urinary incontinence, and anal incon 
tinence. These are debilitating conditions that
not only lead to medical problems and costs but
are also associated with embarrassment that can
lead to isolation, loss of independence, and dimi
nished quality of life.

The levator ani muscles are the primary source
of support for the pelvic organs . These muscles
close off the pelvic floor, allowing structures
that lie above them to rest on the upper surface
of the muscle. This closure is usually remarkably
effective; however, because of injuries and dete
rioration of the muscles, as well as of the nerves
and connective tissue that support and control
normal funct ion, urinary incontinence, fecal
incontinence, and pelvic organ prolapse can
result.

Female incontinence is strongly associated
with pregnancy, childbirth, and ageing. However,
there is universal consensus that the pathophy
siology of urinary incontinence and pelvic
organ prolapse is multifactorial and incompletely
understood. Incompetence of the sphincter
mechanism, weakness of the muscles that support
the urethra and bladder neck, overactive detru
sor muscle, neurological disorders, injury during
childbirth or other trauma, age-related changes
in structural integrity, nervous control, hormone
balance, and systemic disease have all been
implicated as causative agents .

3



Increasing Age
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FIGURE 1.1.1. Overview of pelvic anatomy. The pelvic floor
extends between thetwo red areas (peritoneum and levator ani
muscle). re=rectum, ut=uterus, bl =bladder, sy =pubic sym
physis, va =vagina, and la =levator ani muscles.

A consensus also exists that the continence
mechanism deteriorates over time. The preva
lence of prolapse increases with age,' and vaginal
birth confers a 4-11 fold increase in the risk of
developing pelvic organ prolapse that increases
with higher parity.' The deterioration of pelvic
floor function may be acute, as with vaginal
delivery. There may be recovery after that acute
injury until another acute injury occurs, or there
may be a gradual decline in function, especially
with age.' As graphically depicted in Figure 1.1.2,
despite a repeatedly damaged continence mecha
nism, a patient is able to retain continence and
compensate for the damage (blue line). Compen
sation is possible because the damage to the
pelvic floor and the continence control system
remain above the continence threshold.

An individual may begin with far less reserve
(red line), and although the number and magni
tude of the insults she suffers over time are no
greater than in a women who remains continent,
her initial low reserve level leads to incontinence
over her lifespan.

Pregnancy and devastating damage to the
pelvic floor because of a difficult delivery can

D. Perucchini and J.O.L. Delancey

lead to the loss of continence early in life, even if
an individual was born with a "good" continence
mechanism (black line). Little is known about the
individual risk factors for incontinence and pro
lapse; therefore, it is difficult to identify women
who are at risk.

Nulliparous women without known damage to
the pelvic floor may also leak urine. In a series of
studies, approximately 30% of young, nullipa
rous, healthy, athletic women experienced prob
lems with incontinence. The sports producing
the highest percentage of incontinence occur
rence were gymnastics (67%) and basketball
(66%).4 This suggests that there is a continence
threshold that when exceeded can result in urine
loss, even in the absence of known risk factors for
incontinence.

~
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FIGURE 1.1.2. Deterioration of pelvic floor function over a life
time. Continence is achieved ifthesum ofall continence factors
remains over the (imaginary) continence threshold (blue area).
Events Aand B(pregnancy/delivery) and ageing contribute tothe
deterioration ofthecontinence mechanism (pelvic floor) .Various
scenarios are possible:
• Blue line: Despite the fact thatthe continence mechanism is

repeatedly damaged, a patient is able toremain continent and
compensate thedamage.

• Red line: An individual may start with far less reserve initially,
even though the number and magnitude of the insults she
suffers over time are no greater than in women who remain
continent. She has less reserve and, therefore, becomes incon
tinent during her life.

• Black line: Devastating damage as consequence of an acute
insult (event A) can lead toloss ofcontinence early in life, even
ifanindividual was born with good continence factors.
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This chapter addresses the functional anatomy
of the pelvic floor in women and, specifically,
focuses on how the pelvic organs are supported
by the surrounding muscle and fasciae. This
chapter also addresses how pelvic visceral func
tion relates to the clinical conditions of urinary
incontinence and pelvic organ prolapse.

Anatomy ofthe Lower Urinary Tract

Clinicians have traditionally divided the lower
urinary tract into the bladder and urethra (Fig.
1.1.1). At the junction of these two continuous, yet
discrete, structures lies the vesical neck .

The Bladder

The bladder lies in the anterior (ventral) part of
the pelvic cavity (Fig. 1.1.1). The proportion of the
cavity that it occupies is dependent on the volume
of fluid contained within the vesical lumen.
Vesical filling results in direct contact between
the bladder and the anterior abdominal wall
above the pubic symphysis. The bladder is com
posed of an epithelium surrounded by layers of
smooth muscle . The urothelium is much more
than a classical barrier that separates urine from
extracellular fluid. It is also an active absorptive
epithelium and secretory tissue. The urothelium
has specialized cell-surface proteins and ion
pumps, plus proteglycans and glycoproteins, all
of which function together to maintain the imper
meability of the membrane.v"These same mech
anisms also provide an active defense against
bacterial colonization.

Bladder Function

The primary function of the bladder is the storage
of urine. The secondary function is the evacua
tion of urine (voiding). As a muscle, the detrusor
must accommodate both processes using a
"storage phase" and an "emptying phase." During
the storage phase, the muscular layers relax to
facilitate urine so that increasing physiologic
volumes may be stored without any appreciable
increase in intravesical pressure. When the
bladder reaches its physiological capacity or when
a woman voluntarily voids, cerebral tonic inhibi-

tion of the detrusor muscles' relaxation is released
and a reflex voiding contraction is initiated. This
is often referred to as the emptying phase, during
which the tone of the urethral sphincter is relaxed
and bladder detrusor muscles contract in a spiral
fashion.

The Bladder Neck

The term "bladder neck" denotes the area at the
base of the bladder where the urethral lumen
passes through the thickened musculature of the
bladder base (Fig. 1.1.3A). It is a region where the
detrusor musculature surrounds the trigonal
ring and the urethral meatus', therefore, it is
sometimes considered part of the bladder mus
culature, but it also contains the urethral lumen.
The bladder neck has come to be considered sep 
arately from the bladder and urethra because of
its unique functional characteristics. The bladder
neck plays an important role in the initiation of
micturition. Its opening, coupled with the relax
ation of the urethra, is required during bladder
emptying. Urine entering into the proximal
urethra through an open bladder neck can also
contribute to the sensation of urgency and facili
tate detrusor overactivity. In patients with SUI,
increased bladder neck mobility is often present.
Specifically, damage to this area results in its
remaining open while at rest ."

Innervation ofthe Bladder

The bladder receives sympathetic innervation
from the superior hypogastric plexus via hypo
gastric nerves into the inferior hypogastric
plexus. Postganglionic fibers primarily innervate
the bladder base and urethra. At the level of the
inferior hypogastric plexus, contributions from
the S2-S4 preganglionic fibers join the sympa
thetic nerves to form the pelvic plexus. These
parasympathetic fibers lead to ganglia in the wall
of the bladder, where the postganglionic fibers
innervate the detrusor muscle. Afferent fibers
toward the pelvic plexus and central nervous
system travel with both the sympathetic and
parasympathetic fibers. Overactivity of the detru
sor muscle is attributed to increased activity
of the parasympathetic components, and anti
cholinergic agents have become a mainstay of
therapy.
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FIGURE 1.1.3. A. Normal urethral anatomy of a nulliparous
woman.The outermost layer (red) is composed ofstriated muscle
thathas three components:thesphincter urethra,thecompressor
urethra, and theurethrovaginal sphincter, which areknown col
lectively asthestriated urogenital sphincter muscle. The sphinc
terurethra encircles themidurethral wall,whereas thecompressor
urethra and sphincter urethrovaginalis arch over the distal
urethra. The smooth muscle layers are highlighted in yellow. B.
Illustration ofstriated muscle loss at thevulnerable zone ofthe
urethra, at thebladder neck. Measurements oflayer thickness in
our specimens showed thatthere was localized disappearance of
striated muscle, which contrasted with regions thatseemed more
resistant todamage.The pattern ofstriated muscle loss suggests
that striated muscle in the proximal and the dorsal wall ofthe
urethra might bemore vulnerable (arrows) toone ormore insults
orprocesses than thedistal urethra.

The Urethra

The adult female urethra is a complex 2-4-cm
long fibromuscular tube with a diameter of
approximately 1cm, and it extends from the
bladder neck to the external urinary meatus (Fig.

D. Perucchini andJ.O.L. Delancey

1.1.3 A). The urethra lies on a supportive layer
that is composed of the endopelvic fascia and the
anterior vaginal wall (Fig. 1.1.4). This layer gains
structural stability through its lateral attachment
to the arcus tendineus fascia pelvis (ATFP) and
arcus tendineus levator ani (ATLA) muscles' :"
and through connections to the pelvic bones by
the pubourethral ligaments, which contain dense
connective tissue and smooth muscle." The
integrity of all of these connections is important
for the transmission of PFM contraction to the
closure function of the urethra. The female ure
thral wall contains concentric layers of muscle,
connective tissue, and vasculature that contrib
ute to urethral closure and are relevant for under
standing lower urinary tract dysfunction. "

FIGURE 1.1.4. Midurethral cross-section with the levator ani
muscle visible onboth sides ofthe urethra. The outermost layer
ofthe urethra iscomposed ofstriated muscle (STM). The female
striated muscle of the urethra is predominantly slow twitch in
nature. The striated muscle layer surrounds atwo-layered smooth
muscle component (CSM and LSM). Circularly arranged muscle
cells occur in theouter aspect ofthesmooth muscle layer (CSM)
and sometimes intermingle with thestriated muscle. The inner
most layer is longitudinally arranged (LSM). The urethral lamina
propria (LP) extends from the longitudinal smooth muscle layer
totheurothelium and fills thelumen oftheurethra.The submu
cosa constitutes a relatively thick layer ofloosely woven connec
tive tissue with a rich vascular supply. The urethral mucosa
consists ofatransitiocellular epithelium in theproximalthird. This
epithelium fades outin a regular squamous mucosal epithelium
in thedistal two thirds oftheurethra. Collagen isthemajor struc
tural component oftheconnective tissue in thefemale urethra,
whereas elastic fibers are exceedingly rare. LA =levator ani, V=
anterior vaginal wall, PU =pubourethralligaments.
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Urethral closure function, as measured by ure
thral resting pressure, has been shown to decrease
with age," and groups of women with inconti
nence had statistically proven lower urethral
closure pressure than continent women."

The female urethra is composed of different
regions along its length and can be understood
by dividing the length of urethral lumen into
fifths, each approximately 20% of the total
length ." In the first quintile, the lumen of the
urethra is surrounded by the vesical neck (0
20%). Next, the sphincter urethra and smooth
muscle encircle the lumen from 20% to 60% of
the total urethral length . The arch-shaped com
pressor urethra and urethrovaginal sphincter are
found from 60% to 80% of the total urethral
length, whereas the distal component includes
only fibrous tissue and no significant contractile
elements (Fig. 1.1.3 A).

Striated Urogenital Sphincter

The outermost layer is composed of striated
muscle that has the following three components:
(1) sphincter urethra, (2) compressor urethra,
and (3) urethrovaginal sphincter. These compo
nents are collectively known as the striated uro
genital sphincter muscle. The sphincter urethra
encircles the midurethral wall, whereas the com
pressor urethra and sphincter urethrovaginalis
arch over the distal urethra. Distally, under the
arch of the pubic bone, these fibers diverge
to insert into the walls of the vagina and the
perineal membrane (compressor urethra and
urethrovaginal sphincter) (Fig. 1.1.3 A). This
structure is often referred to as the external ure 
thral sphincter. This muscle is responsible for
increasing intraurethral pressure during times of
need, and it also contributes at least approxi
mately one third of the resting tone of the urethra.
Its composition of primarily slow-twitch, fatigue
resistant muscle fibers belies its constant activity.
The muscle cells are smaller than ordinary
skeletal muscle cells, at approximately 20urn in
diameter. 16

With increasing age, striated muscle loss at the
bladder neck and along the dorsal wall of the
urethra (Fig. 1.1.3 B) has been found. This leads
to a horseshoe-shaped aspect of the striated
muscle layer in the midurethral cross section. "

During times of urgent need, the striated
urogenital sphincter muscle increases closure
pressure by shortening its circumferentially ori
ented muscle fibers and constricting the lumen.
In addition, contraction of the pubococcygeal
muscle results in urethra compression against
adjacent tissue . This compression depends on the
fascial attachment of the urethra to the levator
ani muscle (Fig. 1.1.4). A blockade of striated
muscle activity, on the other hand, decreases
resting urethral pressure by approximately 50%.18
Constantinou and Govan" demonstrated that
during a cough a urethral pressure increase is
measurable at the level of the urethral sphincter,
but not more proximally. This, together with
increased electromyographic activity during
cough and hold in healthy women," suggests
that the striated muscle does contribute to ure
thral closure pressure. Muscle contraction is not
always present in women with SUI, and some
stress-incontinent women who are capable of
contracting their pelvic ft.oor on demand do not
have a muscle contraction visible during a
cough."

Urethral Smooth Muscle

The striated muscle layer surrounds a two-layered
smooth muscle component. The two layers of the
urethral smooth muscle consist of an outer cir
cular layer (circular smooth muscle [CSM]) and
an inner longitudinal layer (longitudinal smooth
muscle [LSM]) (Fig. 1.1.4). The circular fibers
contribute to urethral constriction, and the
smooth muscle blockade reduces resting urethral
closure pressure by approximately one third. The
function of the longitudinal muscle is not entirely
understood. The longitudinal muscles are con
siderably vaster than circular muscles; the
reasons for this have yet to be determined.

The smooth muscle of the female urethra is
associated with relatively few noradrenergic
nerves, but it receives an extensive presumptive
cholinergic parasympathetic nerve supply, which
is identical in appearance to that which supplies
the detrusor." The innervation and longitudi
nal orientation of the majority of muscle fibers
suggest that the urethral smooth muscle in the
female is active during micturition, serving to
shorten and widen the urethral lumen .



8

Urethral Submucosal Vasculature

The submucosal vasculature is remarkably prom
inent and is far more extensive than one would
expect for such a small organ . It is likely respon
sible, in part, for the hermetic seal that maintains
mucosal closure. Occlusion of arterial flow into
this area decreases resting urethral closure pres
sure ; therefore, these vessels are felt to participate
in closure function."

Urethral Glands

A series of glands are found in the submucosa,
primarily along the dorsal (vaginal) surface of
the urethra." The glands are mostly concentrated
in the distal and middle thirds of the urethra,
varying in number and extent from one woman
to the next. The location of urethral diverticula,
which are derived from cystic dilation of these
glands, follows this distribution, being most
common distally and usually originating along
the dorsal surface of the urethra.

Innervation ofthe Urethra

The innervation of the urethral sphincter com
plex is controversial. Nerve stimulation studies
showed early evidence that the external urethral
sphincter is innervated by the somatic fibers of
the pudendal nerve. Several others have con
cluded that the external sphincter receives its
innervation from the 52-53 spinal roots via
branches of the pudendal nerve ." Others have
reported that the sphincter complex also receives
autonomic innervation from the inferior hypo
gastric plexus via intrapelvic fibers. A recent
study found that stimulation of the intrapelvic
portion of the cavernous nerves results in con
tractions of the urethral sphincter even after
the bladder and urethra have been surgically
divided. " Although the importance of tonic sym
pathetic innervation to the male urethra has been
well established, the role of sympathetic innerva
tion in women is only now being explored.

The striated urethral sphincter is innervated
by axons that originate from motor neurons in
the sacral spinal cord and are carried into the
pudendal nerve. The sphincter motor neurons
are located in a circumscribed region of the sacral
anterior horn called Onuf's nucleus. The poten
tial for pharmacologically increasing muscle tone
in the urethra is suggested by recent studies of
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duloxetine, which is a selective serotonin and
norepinephrine reuptake inhibitor.P:"

Support ofthe Urethra and
Pelvic Organs

Support of the urethra and pelvic organs rely on
their attachments to the pubic bones, muscles,
and connective tissue of the pelvis. The female
pelvis and its supportive structures are not only
important for micturition and defecation but
must also accommodate cohabitation, as well as
vaginal birth. These demands on the female
pelvic floor may lead to a series of problems and
disorders. The pelvic floor consists of several
components lying between the peritoneum and
the perineum (Fig. 1.1.1). The support for all of
these structures comes from their connection to
the bony pelvis and its attached muscles by a
unique network of connective tissue.

The female pelvis can naturally be divided
into anterior and posterior compartments be
cause dense supportive tissues attach the pelvic
organs to the lateral pelvic walls. The levator ani
muscles form the bottom of the pelvis and are
U-shaped (Fig. 1.1.5). The vagina and the pelvic

FIGURE 1.1.5. Schematic view oftheU-shaped levator ani muscle
from below, after thevulvar structures and perineal membrane
have been removed, showing the arcus tendineus levator ani
(AllA); external anal sphincter (EAS); puboanal muscle (PAM);
perineal body (PS) uniting the2ends ofthepuboperineal muscle
(PPM); iliococcygeal muscle (lCM); puborectal muscle (PRM).
Note thattheurethra and vagina have been transected justabove
thehymenal ring. (Source: Copyright © Delancey, 2003.)
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FIGURE 1.1.6. Bonney's analogy of vaginal prolapse. The eversion of an intussuscepted surgical glove finger by increasing pressure
within theglove resultingisanalogous to prolapse ofthevagina. (Source: Delancey, 2002, withpermission.)

organs are attached to the levator ani muscles by
connective tissue when they pass through the
urogenital hiatus and are supported by these
connections. The vagina has a similar relation
ship to the abdominal cavityas that of the inverted
finger of a surgical glove (Fig. 1.1.6).28If the pres-

sure in the glove is increased, it forces the finger
to protrude downwards in the same way that
increases in abdominal pressure force the vagina
to prolapse. Vaginal support is a combination of
constriction, suspension, and structural geome
try. Figure 1.1.7 demonstrates this phenomenon

FIGURE 1.1.7. Diagrammatic display ofvaginal support. (A)Invag
inated area in a surrounding compartment. (8) The prolapse
opens when thepressure (arrow) isincreased. (C)The lower end
ofthevagina isheld closed bythepelvicfloor muscles,preventing
prolapse byconstriction.Pelvic floormuscle exercise is, therefore,
commonly recommended forprolapse with less severesymptoms
and to prevent pelvic organ prolapse bykeeping theurogenital

hiatus closed. (0) Ligament suspension. The vagina issuspended
from the pelvic walls, and pelvic floormuscle exercise does not
directly affect thesuspension. (E) Flap valve closure where sus
pending fibers holds the vagina in a position against the wall,
allowingincreases in pressure (arrows) to pinit inplace. (Source:
Delancey, 2002, with permission.)
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and the strategies that the body uses to prevent
prolapse.

Pelvic floor muscle exercise is commonly rec
ommended for prolapse with less severe symp
toms and to prevent pelvic organ prolapse by
keeping the urogenital hiatus closed (Fig. 1.1.7 C).

The Levator Ani Muscle

Macroscopic Anatomy

The major structural component of the pelvic
floor is the levator ani muscle group because they
form the effective contractile support structure
of the region. Four muscles make up the levator
ani: pubococcygeus, puborectalis, iliococcygeus,
and coccygeus. In practical terms, the pelvic floor
is synonymous with the levator ani . The opening
within the levator ani muscle through which the
urethra and vagina pass is called the urogenital
hiatus of the levator ani (Fig. 1.1.8). It is through
this opening that genital prolapse occurs . Con
stant adjustments in muscular baseline activity
of the levator ani muscle" keeps the urogenital
hiatus closed, by compressing the vagina, urethra,
and rectum against the pubic bone, the pelvic
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FIGURE 1.1.9. Descending perineum syndrome. Damage to the
levator ani muscle can result in visible descent of theperineum
and enlarged hiatus. (Source: Delancey 2002, withpermission.)

floor, and related organs in a cephalic direction
(Figs. 1.1.5 and 1.1.8 A).Damage to the levator ani
muscle can lead to muscle weakness and to relax
ation of the pelvic floor, resulting in a visible
descent of the perineum (descending perineum
syndrome) (Fig. 1.1.9). In women with normal
support and without previous surgery, the uro 
genital hiatus area is minimal. Increasing pelvic

B

FIGURE 1.1.8. (AI All muscles of thepelvic floorinsert intothecoccyx. (B)The positionof thecoccyx varies because of pelvic floor
muscle contraction orrelaxation.
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organ prolapse is associated with per ineal descent
and increasing urogenital hiatus size. The hiatus
is larger after several failed operations than after
successful surgery or single failure."

The bony coccyx is also influenced by the
activity of the PFMs. All muscles of the pelvic
floor insert into the coccyx, and magnetic reso
nance imaging (MRI) studies have shown that
PFMcontractions lead to movement of the coccyx
in a ventral cranial direction, thereby contribut
ing to a closed urogenital hiatus (Fig. 1.1.8 B).
During straining, the coccyx was pressed in a
caudal, dorsal direction, thus , facilitat ing the
opening of the urogenital hiatus. "

At the onset of micturition, the levator ani
muscle relaxes, the urogenital hiatus opens, and
the vesical neck rotates downward to the limit of
the elasticity of the fascial attachments. At the
end of micturition, the levator an i muscle resumes
normal position and the urogenital hiatus is
closed.

The connective tissue covering the levator ani
muscles on the superior and inferior surfaces are
called the superior and inferior fascia of the
levator ani. When these muscles and their associ
ated fascia are considered together, the combined
structures form the pelvic diaphragm.

Twoprominent lateral conne ctive tissue struc
tures are important in supporting the levator ani
muscle. The ATLA and the ATFP (Figs. 1.1.10 and
1.1.11) are condensations of obturator intern us

Parametnum

r /' Paracolptum
~Obturator mternus

muscle
Arcustendlneus
levator ani

- VeslC8l neck

- ---Levator a'"
~"'----Arcus ten<!,neus

fasciae pelvis

' Ischoal spme

FIGURE 1.1.10. Attachments ofthecervix and vagina tothepelvic
walls demonstrating different regions ofsupport with theuterus
in situ. Note thatthe uterine corpus and the bladder have been
removed. (Source: Delancey, 2002, with permission.)

External anal
sphincter ---,~,<.::'"

FIGURE 1.1.11. lateral view ofthe pelvicfloor structures related to
urethral support seen from theside in thestanding position, cut
just lateral tothemidline. Note thatwindows have been cut in the
levator ani muscles, vagina, and endopelvic fascia so that the
urethra and anterior vaginal walls can beseen. (Source: Delancey,
2002,with permission; redrawn after Delancey, 1994.)

and levator ani fascia and consist of dense aggre
gations of connective tissue, predominantly col
lagen, that provide lateral passive pelvic support.
The ATLA inserts at the anterior pubic rami
bilaterally and at the posterior region at or near
the ischial spine. The ATLA overlies the obtura
tor internus muscle. The ATFP lies medial to the
ATLA and inserts at the lower sixth of the pubic
bone, 1em from the midline, and the posterior
region inserts into the ischium, just above the
spine.

The levator ani muscle is composed of two
portions. The iliococcygeal muscle is a thin layer
of muscle that spans the potential gap from one
pelvic sidewall to the other; it lies laterally and is
relatively flat horizontal in the standing position.
The iliococcygeal muscle originates at the ATLA,
with a few fibers arising from the pubis. These
fibers insert into the midline to form the anococ 
cygeal raphe midline between the anus and
coccyx. This region has also been called "the
levator plate."

The more medial portions of the levator ani
(pubococcygeal and puborectal) form a sling
(Fig. 1.1.5) that arises ventrally from the pubic
bones and encircles the pelvic organs . It arises
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bilaterally from the pubis and wraps around the
midline structures of the bladder, urethra, vagina,
and rectum, sending fibers to insert into the peri
neal body, vagina, and anal sphincters, respec
tively. Various muscle subdivisions have been
assigned to the medial portion of the pubococ
cygeus to describe different visceral attachments
of the muscle to the vagina (pubovaginalis), peri
neal body (puboperineus), and anus (puboana
lis). The puborectalis lies laterally and is not
considered a part of the pubococcygeal group
(puborectalis)."

The obturator internus and piriformis are the
major muscles of the pelvic sidewalls (Fig. 1.1.10).
The obturator internus is a large, fan-shaped
muscle that arises from the bony margins of the
obturator foramen, the pelvic surface of the obtu 
rator membrane, and the rami of the ischium and
pubis. This muscle forms the lateral wall of the
pelvis and can be palpated transvaginally. The
piriformis muscles form the posterior wall of
the pelvis. These muscles originate from the
anterior and lateral aspect of the sacrum in its
middle to upper portion, coursing through the
greater sciatic foramen and inserting on the
greater trochanter of the femur.

Muscle Fiber Type and Muscle Physiology

The levator ani muscle is a striated muscle. The
constant activity of this muscle is analogous to
the postural muscles of the spine. Their continu
ous contraction is similar to the continuous
activity of the external anal sphincter muscle,
and it closes the lumen of the vagina in a manner
similar to how the anal sphincter closes the anus.
This constant action eliminates any opening
within the pelvic floor and prevents prolapse.

The muscle fibers of the levator ani include
both, type I (slow twitch) and II (fast twitch)
fibers. Fast-twitch fibers are metabolically suited
for more rapid , forceful contraction, and slow
twitch fibers are suited for providing sustained
muscular tone. Gilpin et al.33 found that in women
with no symptoms of urinary incontinence the
anterior pubococcygeus muscle had a 33% popu
lation of type II fibers and the posterior pubococ
cygeus had a 24% population of type II fibers. A
decrease in the percentage of type II fibers, along
with an increase in the diameter of type I fibers,
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is a known adaptive response to inactivity, inner
vation damage, and ageing." During whole
muscle contraction, motor units are recruited in
order of increasing size." :" A graded contraction
that proceeds from low to high intensity (weak to
strong) begins with the recruitment of the type I
motor units, followed by the recruitment type II
units. In a muscle that is 30% type II fibers,
such as in the pubococcygeus, 70% of the muscle
must be contracted before the type II units are
recruited. To maintain the exercise training
effect, exercise physiology suggests that once
initial muscle strengthening has occurred, a
reduced program of exercise can be adequate for
maintaining strength." The possible impact of
age and parity on the pelvic floor has been studied
by several authors .P:" :" They found that ageing
and vaginal birth lead to histomorphologically
visible changes that were consistent with changes
of myogenic origin. These changes were more
pronounced in the ventral part of the pelvic floor,
leading to the assumption that the ventral part is
the most vulnerable part of the muscle.

Innervation ofthe Levator Ani Muscle

The levator ani muscle is innervated by somatic
nerve fibers that run in the pudendal nerve and
emanate primarily from sacral root S3 and, to a
lesser extent , from S2and S4. The pudendal nerve
carries both, motor and sensory fibers. Initially,
the pudendal nerve lies superior to the sacrospi
nous ligament that is lateral to the coccyx. The
nerve leaves the pelvis, crossing the ischial spine
to reach the ischiorectal fossa via the lesser sciatic
foramen . It extends forward in a fibrous tunnel
called Alcock's canal on the medial side of the
obturator internus muscle and distally gives rise
to branches, which supply the levator ani and the
membranous urethra. Some variation occurs in
the pudendal nerve peripheral anatomy.

Levator Ani Function and
Continence Mechanism

The levator ani muscles play a critical role in
maintaining continence during the increase of
abdominal pressure. P'" :" During normal abdom
inal pressure, it is postulated that the resting ure
thral closure pressure is maintained by the tone
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of the smooth and striated sphincters, intraure
thral blood pressure, and the tendency of the ure
thral epithelium to close through coaptation.Y " :"
In the event of a sudden or prolonged increase in
intraabdominal pressure (such as during a cough
or laughter), bladder pressure may exceed resting
urethral pressure and result in leakage, unless
compensated for by additional urethral closure
pressure. This additional closure pressure is
thought to be primarily developed by the striated
levator ani because of the time constraint required
for the smooth muscle contraction to take place
within the approximate half-second pressure rise
associated with a cough. During stress, the con
nective tissue, via its attachment to the striated
levator ani muscle, helps create a firm "floor" of
support underlying the vagina and urethra, onto
which the urethra is compressed by intraabdomi
nal pressure." This extrinsic continence mecha
nism provides the additional closure pressure
necessary to augment urethral closure during
increased intraabdominal stress. The relative
contributions to urethral closure made by the
striated urethral sphincter muscles and the
levator muscles have not yet been fully elucidated.
Miller et a1.43 showed that a precisely timed voli
tional contraction of the PFM before and during
stressful activities has considerable potential
for helping to prevent urine loss in mild to
moderate SUI. Pelvic floor muscle contraction
in preparation for, and throughout, a cough can
augment proximal urethra support during stress,
thus, reducing the amount of dorsocaudal
displacement."

Miller et a1.43 observed that some women with
SUI reported immediate benefits from Kegel
exercises within 1-2 days after learning them.
However, this time span was too short for any
true strengthening to have taken place. The
improvement was hypothesized to have come
from the well-timed volitional use of the PFMs
during an activity known to precipitate urine loss
(such as a cough) and not from the actual
strengthening of the muscles. The skill of a well
timed volitional PFM contraction was termed
"The Knack.?" Miller et al. showed that selected
women with mild to moderate SUI could learn to
significantly reduce urine loss within one week
by intentionally contracting the PFMs before and
during a cough. Contraction of the pubococcy-

geal muscle is hypothesized to result in urethral
compression against adjacent tissues. Magnetic
resonance imaging has shown that 11% of conti
nent primiparous women demonstrated a major
loss of the pubococcygeal portion of the levator
ani muscle, with certain women showing evi
dence of complete muscle loss." This observation
offered the opportunity to compare increases in
urethral closure pressure in women with and
without intact pubococcygeal muscle. In consec
utive studies, it was found that the likelihood of
increasing urethral pressure with PFM contrac
tion was decreased by 50% in the women with
loss of the pubococcygeus."

Connective Tissue ofthe Pelvic Floor:
Endopelvic Fascia
On each side of the pelvis, connective tissue
attaches the cervix and vagina to the pelvic wall
(Figs. 1.1.10 and 1.1.11). This fascia forms a con
tinuous sheet-like mesentery extending from the
uterine artery at its cephalic margin to the point
at which the vagina fuses with the levator ani
muscles below. The body of connective tissue that
attaches the pelvic organs to the sidewall is called
endopelvic fascia, which is a heterogeneous group
of tissues including collagen, elastin, smooth
muscle , blood vessels, and nerves. The composi
tion of the endopelvic fascia reflects its combined
functions of neurovascular conduit and support
ive structure. The part of the fascia that attaches
to the uterus is called the parametrium, and the
part that attaches to the vagina is called the para
colpium (Fig. 1.1.10).46

Del.ancey" has introduced the concept of
dividing the connective tissue support in the
anterior part of the pelvis into three levels (Fig.
1.1.12), with levels I, II, and III representing
apical, midvaginal, and distal vaginal support,
respectively. Although assigning these levels
artificially divides what is actually a continuum
of connective tissue in the pelvis, dividing this
support into regions (levels) proves useful tool to
understand how the loss of support at different
levels can correlate with different physical signs
and symptoms that accompany a cystocele,
enterocele, or rectocele. Damage to the upper
suspensory fibers of the paracolpium (level I)
results in uterine or vaginal vault prolapse
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FIGURE 1.1.12. levels of vaginal support after hysterectomy.
level I (suspension) and II (attachment). In level I, the paracol
pium suspends thevagina from thelateral pelvic walls. Fibers of
level Iextend both vertically and posteriorly toward thesacrum.
In level II, the vagina is attached to the arcus tendineus fasciae
pelvis and thesuperior fascia oflevator ani. In level III thevagina
is directly attached without Intervening paracopium. (Source:
Delancey, 1992, with permission.)

(Fig. 1.1.13 B). Damage to the level II and III por
tions of the vagina results in anterior prolapse
(cystocele; Fig. 1.1.13 A) and posterior prolapse
(rectocele; Fig. 1.1.13 C). These defects occur in
varying combinations and these variations are
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responsible for the diversity of clinically encoun
tered problems.

The interaction between the PFMs and the
supportive ligaments is critical to pelvic organ
support. With proper function of the levator ani
muscles , the pelvic floor remains closed and the
ligaments and fascial structures are under
minimal tension . The fasciae simply act to stabi
lize the organs in their position above the levator
ani muscles. When the PFMs relax or are
damaged, the pelvic floor opens and the vagina
lies between the high abdom inal pressure and
low atmospheric pressure. As a result, the vagina
must be held in place by the ligaments. Although
the ligaments can sustain these loads for short
periods, if the PFMs do not close the pelvic floor
then the connective tissue will eventually fail,
resulting in pelvic organ prolapse.

Anterior Wall Support and the Urethra

The anterior vaginal wall and urethra are inti
mately connected (Figs. 1.1.4, 1.1.5, and 1.1.11).
Both PFMs and the pelvic fasciae determine the
support and fixation of the urethra, and the activ
ity of the muscles has significant influence on the
urethral support."

Disruption of this supportive system will result
in downward descent of the anterior vaginal wall.
The layer of tissue that provides urethral support

FIGURE 1.1.13. Illustration ofdifferent prolapse findings. Three
types ofmovement occur in patients with pelvic organ prolapse:
(A) The anterior vaginal wall can protrude through theintroitus.
This is called "cystocele," (8) The cervix (or vaginal apex) can

move downward between the anterior and posterior supports.
(C)The posterior wall can protrude through theintroitus. This is
called "rectocele,"
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FIGURE 1.1.14. (left) The attachment of the arcus tendineus
pelvis to the pubic bone, the arcus tendineus pelvis (arrows).
(Right) Aparavaginal defect where the cervical fascia has sepa-

has two lateral attachments; a fascial attachment
and a muscular attachment." The fascial attach
ment of the urethral supports connects the peri
urethral tissues and anterior vaginal wall to the
arcus tendineus fascia of the pelvis and has been
called the paravaginal fascial attachments by

rated from the arcus tendineus (arrows point to thesides ofthe
split). PS = pubic symphysis. (Source: Delancey, 2002, with
permission.)

Richardson et al.," who observed that a lateral
detachment (lateral defect) of the connections of
this paravaginal fascia from the pelvic wall was
associated with stress incontinence and anterior
prolapse (Figs. 1.1.14 and 1.1.15). The muscular
attachment connects these same periurethral

FIGURE 1.1.15. (left) Displacement "cystocele" where the intact
anterior vaginal wall has prolapsed downward because of para
vaginal defect. Note thattheright side ofthepatient's vagina and
cervix has descended more than theleft because ofalarger defect

on this side. (Right) Distension "cystocele" where the anterior
vaginal wall fascia has failed and the bladder is distending the
mucosa flattening out the vaginal tissues. (Source: Delancey
2002, with permission.
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FIGURE 1.1.16. lateral view ofpelvic floor with theurethra and
fascial tissues transected atthelevel oftheproximal urethra.The
arrow indicates compression ofthe urethra by a downward force
against the supportive tissues and illustrates the influence of
abdominal pressure on theurethra. (Source:Delancey, 1994, with
permission.)

tissues to the medial border of the levator ani
muscle (Fig. 1.1.4). These attachments allow the
levator ani muscle's normal resting tone to main
tain the position of the vesical neck, which is
supported by the fascial attachments. When the
muscle relaxes at the onset of micturition, it
allows the vesical neck to rotate downward to the
limit of the elasticity of the fascial attachments,
and then contraction at the end of micturition
allows it to resume its normal position (Fig. 1.1.5).
Damage to the connective tissue integrity can
lead to prolapse.t' :"

The vaginal wall, in turn, is supported by con
nections to the levator ani muscles laterally and
to the arcus tendineus fascia pelvis. Simulated
increases in abdominal pressure reveal that the
urethra can be compressed against the vaginal
wall, acting as a supporting hammock (Fig.
1.1.16).10 In fact, it is the relative elasticity of this
supporting apparatus, rather than the height of
the urethra, that results in stress incontinence. In
an individual with a firm supportive layer, the
urethra would be compressed between abdomi
nal pressure and pelvic fascia. If, however, the
layer under the urethra becomes unstable and
does not provide a firm backstop for abdominal
pressure to compress the urethra against, the
opposing force that causes closure is lost and the
occlusive action diminished.
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Uterovaginal Support

The cardinal and uterosacral ligaments attach the
cervix and uterus to the pelvic walls.50

•
51 Together

these tissues are referred to as the parametrium
(Fig. 1.1.10). The parametrium continues down
ward over the upper vagina to attach it to the
pelvic walls. At this location, it is called the para
colpium." The paracolpium provides support for
the vaginal apex after a hysterectomy, and it has
two portions. The uppermost portion of the para
colpium consists of a relatively long sheet of tissue
that suspends the superior aspect of the vagina
(Fig. 1.1.12, Level I) by attaching it to the pelvic
wall. This is true whether or not the cervix is
present. In the midportion of the vagina (Fig.
1.1.12, Level II), the paracolpium attaches the
vagina laterally and more directly to the pelvic
walls. This attachment stretches the vagina trans
versely between the bladder and rectum and has
funct ional significance. The structural layer that
supports the bladder ("pubocervical fascia") does
not exist as a separate layer from the vagina, but
rather, is composed of the anterior vaginal wall
and its attachment through the endopelvic fascia
to the pelvic wall (Figs. 1.1.4and 1.1.16). Similarly,
the posterior vaginal wall and endopelvic fascia
(rectovaginal fascia) form the restraining layer
that prevents the rectum from protrudingforward,
thereby blocking formation of a posterior pro
lapse. In the distal vagina (Fig. 1.1.12,level III), the
vaginal wall is directly attached to surrounding
structures without any intervening paracolpium.
Anteriorly, it fuses with the urethra, and posteri
orly it fuses with the perineal body, and laterally
with the levator ani muscles (Fig. 1.1.12).

Prolapse of the uterus or the vagina after a
hysterectomy has been performed is common.
The nature of uterine support can be understood
when the uterine cervix is pulled downward with
a tenaculum in an anesthetized pelvic surgery
patient. After a certain amount of descent, the
parametria become tight and arrest further cer
vical descent . Similarly, descent of the vaginal
apex after hysterectomy is resisted by the para
colpia. The inability of these ligaments to deter
mine the resting position of the uterine cervix in
normal healthy women is supported by the obser
vation that the cervix may be drawn down to the
level of the hymen with little difficulty.52



1.1. Functional Anatomy ofthe Pelvic Floor and lowerUrinary Tract 17

Perineal Membrane (Urogenital Diaphragm)
and External Genital Muscles

In the anterior pelvis, below the levator ani
muscles, there is a dense , triangularly shaped
membrane called the per ineal membrane. The
term perineal membrane replaces the old term
"urogenital diaphragm," reflecting the fact that
this layer is not a single layer with a "diaphragm,"
but rather a set of connective tissues that sur
round the urethra.53 The perineal membrane lies
at the level of the hymenal ring and attaches the
urethra, vagina, and perineal body to the ischio
pubic rami (Fig. 1.1.17). The compressor urethra
and urethrovaginal sphincter muscles are associ
ated with the upper surface of the perineal mem
brane (Figs. 1.1.1 and 1.1.3 A). Previous concepts
of the urogenital diaphragm show two fascial
layers with a transversely oriented muscle, the
"deep transverse perineal muscle ," in between
them . Observations based on serial histology and
anatomic dissection, however, reveal a single
connective tissue membrane, with the compres
sor urethra and urethrovaginal sphincter lying
immediately above. These striated muscles have
the largest bulk of the striated urogenital sphinc
ter, and thi s fact explains why pressures during a
cough are greatest in the distal urethra," :" where
they can compress the lumen closed in anticipa
tion of a cough .v"

Posterior Support

The posterior vaginal wall is supported by con
nections between the vagina, the bony pelvis, and

f

FIGURE 1.1.17. The perineal membrane spans the arch between
theischiopubicrami, with each side attached totheother through
their connection in the perineal body. Note that separation
of the fibers in this area leaves the rectum unsupported and
results in a low posterior prolapse. (Source: Delancey, 1999, with
permission.)

the levator ani muscles. 54 The lower third of the
vagina is fused with the perineal body (Fig. 1.1.17).
This structure is the attachment between the per
ineal membranes on either side of it, and this
connection prevents downward descent of the
rectum in th is region. If the fibers that connect
one side with the other rupture (Fig. 1.1.18 A) then
the bowel may protrude downward, resulting in a
posterior vaginal wall prolapse (Fig. 1.1.18 B). The
midposterior vaginal wall (Fig. 1.1.12, Level II) is
connected to the inside of the levator ani muscles

A

I

/1

/

FIGURE 1.1.18. (Aand B) Posterior prolapse caused by separation
oftheperineal body (A). (Delancey, 2002, with permission). Note
the end ofthe hymenal ring thatlies laterally ontheside of the

vagina, no longer united with itscompanion on the other side
(arrows) (B).
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by sheets of endopelvic fascia. These connections
prevent the ventral movement of the vagina
during increases in abdominal pressure.

The attachment of the levator ani muscles into
the perineal body is important. Damage to this
part of the levator ani muscle during delivery is
one of the irreparable injuries to pelvic floor (Fig.
1.1.18 B). Recent MRI has vividly depicted these
defects, showing that up to 20% of nulliparous
women have a visible defect in the levator ani
muscle on MRI.40 This muscular damage is likely
an important factor associated with the recur
rence of pelvic organ prolapse after initial surgi
cal repair. Moreover, these defects were found to
occur more frequently in those individuals com
plaining of stress incontinence. An individual
with malfunctioning muscles has a problem that
is not surgically correctable. A more complete
understanding of the pelvic floor biomechanics is
needed to understand the structural effects of
these lesions better.

Anatomy ofthe Anal
Sphincter Complex

Fecal incontinence is a devastating condition,
which is often associated with childbirth. The
anal sphincter complex and the puborectalis
muscle provide the majority of control of anal

Rectum
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IIwcoccyg~

Levator ani

Puborcc/Qlis

{

Dt:t:P

External
anal Supcr[u:ral
spbincter

Subcu taneous

D. Perucchini and J.O.L. Delancey

continence. The anal sphincter complex is com
posed of the internal and external anal sphincter
muscle and contains both smooth and striated
muscle (Fig. 1.1.19). The internal anal sphincter
muscle is a continuation of the circular smooth
muscle layer of the rectum. The external anal
sphincter surrounds the internal sphincter in its
lower 2ern by a muscular component that is teth
ered to the coccyx through the anococcygeal
raphe .55 Immediately cephalic and anterior to the
external sphincter is the puborectalis muscle.
The striated external anal sphincter muscle pro
vides voluntary squeeze tone to the sphincter
complex. The external anal sphincter is classi
cally described as having three portions: deep,
superficial, and subcutaneous.

The internal anal sphincter contributes ap
proximately 75% of the maximum anal resting
pressure; 25% comes from the external anal
sphincter. If there is sudden distention, the exter
nal anal sphincter can contribute up to 60% of
the anal canal pressure for a short time, but it
cannot maintain sustained tone. Resting and
squeezing anal pressures decline with ageing.56

Between the internal and external anal sphinc
ter is the intersphincteric groove. This space
receives the downward extension of the conjoined
fibers of the levator ani muscles. These fibers
suspend and elevate the anorectum, preventing
its downward prolapse.

Circular
smooth
muscle

FIGURE 1.1.19. Diagrammatic representa
tion of the anal sphincter mechanism.
(Thakar and Sultan, 2003.)
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The external anal sphincter is innervated by
S2-S4 fibers that travel via the inferior hemor
rhoidal portion of the pudendal nerve. The
puborectalis muscle, as previously described,
forms a V-shaped loop that begins from the pubic
bones and passes behind the rectum. The muscle
has constant muscular activity and is relaxed
only at the time of defecation. It also acts by
causing a kink in the rectum, so that there is a
90° angle between the anal and rectal canals. The
contraction of this muscle can be assessed by the
degree to which the anus is elevated ("levator
ani") and pulled inward when the patient con
tracts her pelvic muscles.

Conclusion

A series of factors are important to urinary and
fecal continence and to the normal support of the
female pelvic organs . Many advances are yet to
be made concerning the pelvic floor, the conti
nence mechanism, and prolapse. Current and
future researchers should aim to uncover the
faults that are certainly present in the current
paradigms so that prevention and treatment of
pelvic floor disorders can pass from its cur
rent phase of clinical empiricism to scientific
certainty.

References

I. Olsen AL, Smith VI, Bergstrom 10. Epidemiology
of surgically managed pelvic organ prolapse and
urinary incontinence. Obstet Gynecol. 1997;89(4):
501-506.

2. Mant I, Painter R, Vessey M. Epidemiology of
genital prolapse: observations from the Oxford
family planning association study. Br I Obstet
Gynaecol. 1997;104(5):579-585.

3. Perucchini D, DeLancey 10, Ashton Miller I, et al.
Age effects on urethral striated muscle I. Changes
in number and diameter of striated muscle fibers
in the ventral urethra. Am I Obstet Gynecol.
2002;186:351-355.

4. Nygaard IE, Thompson FL, Svengalis SL,Albright
IP. Urinary incontinence in elite nulliparous ath
letes. Obstet Gynecol. 1994;84:183-187.

5. Burton TI, Elneil S, Nelson CP, et al. Activation of
epithelial Na(+) channel activity in the rabbit

urinary bladder by cAMP. Eur I Pharmacol.
2000;404:273-280.

6. Deng FM, Ding M, Lavker RM, et al. Urothelial
function reconsidered: a role in urinary protein
secretion. Proc Natl Acad Sci USA. 2001;98:154
150.

7. Gil Vernet, S. Morphology and function of the
vesico-prostato-urethral musculature. Edizioni
Canova, Treviso, 1968.

8. Mcguire EI. The innervation and function of the
lower urinary tract. I Neurosurg. 1986;65(3):278
285.

9. DeLancey 10. Structural aspects of the extrinsic
continence mechanism. Obstet Gynecol. 1988;72;
296-301.

10. DeLancey 10. Structural support of the urethra
as it relates to stress urinary incontinence: the
hammock hypothesis. Am I Obstet Gynecol. 1994;
170:1713-1720.

11. Wilson PD, Dixon IS, Brown AD, et al. Posterior
pubo-urethral ligaments in normal and genuine
stress incontinent women. I Urol. 1983;130(4):802
805.

12. Huisman AB. Aspects on the anatomy of the
female urethra with special relation to urinary
continence. Contrib Gynecol Obstet.
1983;10:1-31.

13. Rud T. Urethral pressure profile in continent
women from childhood to old age. Acta Obstet
Gynecol Scand. 1980;59:331-335.

14. Hilton P, Stanton, SL. Urethral pressure measure
ment by micro transducer: the results in symptom
free women and in those with genuine stress
incontinence.BrIObstetGynaecol.I983;90(l0):919
933.

15. DeLancey 10. Correlative study of paraurethral
anatomy. Obstet Gynecol. 1986;68:91-97.

16. Gosling lA, Dixon IS, Critchley HO, et al. A com
parative study of the human external sphincter
and periurethral levator ani muscles. Br I Urol.
1981;53(1):35-41.

17. Perucchini D, DeLancey 10, Ashton Miller I, et al.
Age effects on urethral striated muscle II. Ana
tomic location of muscle loss. Am I Obstet Gynecol.
2002;186:356-360.

18. Thind P, Bagi P, Mieszczak C, et al. Influence of
pudendal nerve blockade on stress relaxation in
the female urethra. Neurourol Urodyn . 1996;15:
31-36.

19. Constantinou CE, Govan DE. Spatial distribution
and timing of transmitted and reflexly generated
urethral pressures in healthy women. I Urol. 1982;
127(5):964-969.

20. Constantinou, CEo Resting and stress urethral
pressures as a clinical guide to the mechanism of



20

continence in the female patient. Urol Clin N Am.
1985;12(2):247-258.

21. Bump RC, Hurt WG, Pantl JA,et al. Assessment of
Kegel pelvic muscle exercise performance after
brief verbal instruction. Am J Obstet Gynecol.
1991;165(2):322-327.

22. Ek A, AIm P, Andersson K-E, et al. Adrenergic
and cholinergic nerves of the human urethra
and urinary bladder. A histochemical study. Acta
Physiol Scand. 1997;99:345.

23. Huffman, J. Detailed anatomy of the paraurethral
ducts in the adult human female. Am J Obstet
Gynecol 1948;55:86.

24. Juenemann, KP, Lue TF, Schmidt RA, et al. Clini
cal significance of sacral and pudendal nerve
anatomy. J Urol. 1988;139(l):74-80.

25. Nelson CP, Montie JE, Mcguire EJ, et al. Intra
operative nerve stimulation with measurement
of urethral sphincter pressure changes during
radical retropubic prostatectomy: a feasibility
study. J Urol. 2003;169(6):2225-2228.

26. Thor KB. Serotonin and norep inephrin involve
ment in efferent pathways to the urethral rhabdo
sphincter: implication for treating stress urinary
incontinence. Urology. 2003;62:3-9.

27. Millard RJ, Moore K, Rencken R, et al. Duloxetine
UI study group. Duloxetine vs, placebo in the
treatment of stress urinary incontinence: a four 
continent randomized trial. BJUInt. 2004;93 :311
318.

28. Bonney V. The principles that should underlie all
operations for prolapse. Obstet Gynaecol Br Emp.
1934;41:669.

29. Taverner D. An electromyographic study of the
normal function of the external anal sphincter
and pelvic diaphragm. Dis Colon Rectum . 1959;2:
153-158.

30. DeLancey JO, Hurd WW. Size of the urogenital
hiatus in the levator ani muscles in normal women
and women with pelvic organ prolapse . Obstet
Gynecol. 1998;91(3):364-368.

31. Bo K, Lilleas F, Talseth T, et al. Dynamic MRI of
the pelvic floor muscles in an upright and
sitting position. Neurourol Urodyn . 2001;20:167
174.

32. Kearney R, Shawney R, DeLancey JO. Levator ani
muscle anatomy evaluated by origin-insertion
pairs. Obstet Gynecol. 2004;104(l):168-173.

33. Gilpin SA,Gosling JA, Smith AR, et al. The patho
genesis of genitourinary prolapse and stress
incontinence of urine. A histologic and histo
chemical study. Br J Obstet Gynaecol. 1989;64(4):
385-390.

34. Koelbl H, Strassegger H, Riss PA, et al. Morpho
logic and functional aspects of pelvic floor muscles

D. Perucchini and J.O.L Delancey

in patients with pelvic relaxation and genuine
stress incontinence. ObstetGynecol.1989;74(5):789
795.

35. Henneman E, Somjen C, Carpenter D. Functional
significance of cell size in spinal motor neurons.
J Neurophysiol. 1965;28:561-580.

36. Henneman E, Somjen G, Carpenter D. Excitability
and inhibitibility of motoneurons of different
sizes. J Neurophysiol. 1965;28:599-620.

37. Graves JE, Pollock ML, Leggett SH, et al. Effect of
reducing training frequency on muscular strength.
Inter J Sports Med. 1988;9:316-319.

38. Jundt K, Kiening M, Fischer P, et al. Is the histo
morphological concept of the female pelvic floor
and its changes due to age and vaginal delivery
correct? Neurourol Urodyn . 2005;24:44-50.

39. Dimpfl T, Jaeger C, Mueller-Felber W, et al. Myo
genic changes of the levator ani muscle in pre
menopausal women: the impact ofvaginal delivery
and age. Neurourol Urodyn. 1998;17(3):197-205.

40. DeLancey JOL, Kearney R, Chou Q, et al. The
appearance oflevator ani muscle abnormalities in
magnetic resonance images after vaginal delivery.
Obstet Gynecol. 2003;101:46-53.

41. Petros PEP, Ulmsten UL. An integral theory of
female urinary incontinence. Experimental and
clinical considerations. Acta Obstet Gynecol
Scand. 1990;153:7-31.

42. Pandit M, DeLancey JO, Ashton-Miller J, et al.
Quantification of intramuscular nerves within
the female striated urogenital sphincter muscle.
Obstet Gynecol. 2000 ;95:797-800.

43. Miller JM, Ashton-Miller JA, DeLancey JO. A
pelvic muscle precontraction can reduce cough
related urine loss in selected women with mild
SUI. J Am Geriatr Soc. 1998;46:870-874.

44. Miller JM, Perucchini D, Carchidi LT, et al. Pelvic
floor muscle contraction during a cough and
decreased vesical neck mobility. Obstet Gynecol.
2001;97:255-260.

45. Miller JM, Umek WH, DeLancey JO, et al. Can
women without visible pubococcygeal muscle in
MR images still increase urethral closure pres
sures? Am J Obstet Gynecol. 2004;191:171-175.

46. DeLancey JO. Anatomic aspects of vaginal ever
sion after hysterectomy. Am J Obstet Gynecol.
1992;166:1717-1728.

47. Richardson AC,Edmonds PB, Williams NL. Treat
ment of stress ur inary incontinence due to para
vaginal fascial defect. Obstet Gynecol. 1981;57:357
362.

48. DeLancey JOL. Fascial and muscular abnormali
ties in women with urethral hypermobility and
anterior vaginal prolapse. Am J Obstet Gynecol.
2002;18:93-98.



1.1. Functional Anatomy ofthePelvic Floor and Lower Urinary Tract 21

49. Halban J, Tandler I. Anatomie und Aetiologie der
Genitalprolapse beim Weibe. Vienna, Austria:
Wilhelm Braumuller, 1907.

50. Campbell RM. The anatomy and histology of the
sacrouterine ligaments. Am J Obstet Gynecol.
1950;59:1.

51. Range RL, Woodburne RT. The gross and micro
scopic anatomy of the transverse cervical liga
ments . Am J Obstet Gynecol. 1964;90:460-462.

52. Bartscht KD, DeLancey JO. A technique to study
the passive supports of the uterus. Obstet Gynecol.
1988;72(6):940-943.

53. Oelrich TM. The striated urogenital sphincter
muscle in the female. Anat Rec. 1983;205:223-232.

54. DeLancey JO. Structural anatomy of the posterior
pelvic compartment as it relates to rectocele. Am
J Obstet Gynecol. 1999;180:815-823.

55. DeLancey JOL, Toglia MR, Perucchini D. Internal
and external anal sphincter anatomy as it relates
to midline obstetrical lacerations. Obstet Gynecol.
1997;90:924-927.

56. Haadem K, Dahlstrom JA, Ling 1. Anal sphincter
competence in healthy women . Clinical implica
tion of age and other factors . Obstet Gynecol.
1991;78:823-827.



1.2
Neural Control of Pelvic Floor Muscles
David B. Vodusek

Key Message

The coordinated function of pelvic floor muscles
(PFM) and related organs is an important pre
requisite that enables women to be continent of
urine and feces, to micturate and defecate, and to
experience orgasm. It is dependent on a complex
neuro control consisting of voluntary muscle
actions and reflexes, genetically determined
activation patterns allowing for a meticulous
interplay of skeletal and autonomous muscle
structures, and related organs. This scientifically
complicated material is broken down in this
chapter to a very understandable and practical
level, which is a basic necessity for sophisticated
pelvic floor physiotherapy.

Introduction

Neural control of pelvic organs is affected by a
unique coordination of the somatic and auto
nomic motor nervous systems. Pelvic floor
muscles are intimately involved in the function
of the LUTand the anorectum, as well as in sexual
funct ion. The neural control of the participation
of striated muscle in "visceral activity" tran
scends the simple somatic innervation necessary
for control of striated muscles functioning alone.
Sensory information and feedback to pelvic floor
organs is supplied by both visceral and somatic
sensory fibers, which also influence pelvic floor
muscle excitability thresholds through central
integrative mechanisms.
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A clear understanding of anatomy and the
neural control of the PFM and related visceral
organs, as well as an insight into neuromuscular
damage and repair, is needed for planning suc
cessful PFM treatment in the individual patient
for any dysfunctional pelvic floor disorder. Par
ticularly in stress urinary incontinence, the acti
vation and coordination disturbances of PFMare
clinically relevant. Proper identification of such
PFM disturbances should lead to better selection
of patients for particular modes of treatment and
to an improvement in the outcomes of conserva
tive treatments.

Pelvic Floor Muscle Activity

Muscles do not really have much activity of their
own. They are dependent on neural control. The
"denervated" muscle atrophies and turns into
fibrotic tissue. As every tissue muscle consists of
cells (muscle fibers). However,the functional unit
within a striated muscle is not a single muscle
cell, but a motor unit. A motor unit consists of
one alpha (or "lower") motor neuron (from the
motor nuclei in the brainstem or spinal cord),
and all the muscle cells that this motor neuron
innervates. In other words, the motor unit is the
basic functional unit of the somatic motor system,
and control of a muscle means control of its
motor units. Thus, in discussing neural control
of muscle, we only need to consider the motor
neurons in the spinal cord and all the influences
they are exposed to.
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The function of pelvic floor and sphincter
lower motor neurons is organized quite differ
ently from other groups of motor neurons. In
contrast to the reciprocal innervation that is
common in limb muscles, the neurons innervat
ing each side of the PFMhave to work in harmony
and synchronously. Thus, they achieve the
"closure unit" of the excretory tracts, the "support
unit" for pelvic viscera, and an "effector unit" in
the sexual response. In general, the muscles
involved in the above functions act in a strictly
unified fashion as "one muscle," as has been dem
onstrated not only in sphincter muscles but also
for both pubococcygeus muscles .'

However, as each muscle in the pelvis has its
own unilateral peripheral innervation, dissoci
ated activation patterns are also possible and
have been reported between the two pubococ
cygeus/ and between the levator ani and the ure
thral sphincter.'

The differences in evolutionary origin of the
sphincter muscles and levator ani further imply
that unilateral activation may be less of an impos
sibility for the PFMs than for sphincters. It can be
postulated that the neural mechanisms controlling
the different muscles involved in sphincter mecha
nisms and pelvic organ support may not be as
uniform as has been assumed. Howmuch variabil 
ity there is in the normal activation patterns of the
PFMis not yet clarified. It is clear, however, that the
coordination between individual PFMscan defini
tively suffer because of disease or trauma.

Tonic and Phasic Pelvic Floor Muscle Activity

The normal striated sphincter muscles demon
strate some continuous motor unit activity at
rest, as revealed by kinesiological EMG (Fig.
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FIGURE 1.2.2. Afalling leaf display ofa continuously firing tonic
motor unit.The vertical intervalsbetween thebeams indicate the
interval between two consecutive activations ofthe motor unit.
The regularity ofthemotor unit discharge should benoted. (From
theurethral sphincter ofacontinent 46-year-old woman.)(Source:
Schussler et al, 1994.)

1.2.1). This differs between individuals and also
continues after subjects fall asleep.' This phy
siological spontaneous activity may be called
"tonic," and it depends on prolonged activation
of certain tonic motor units (Figs. 1.2.2 and
1.2.3).5 As a rule, it increases with bladder filling,
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FIGURE 1.2.1. Kinesiological EMG recordings from urethral sphincter muscle. Concentric needle electrode recording in a continent
53-year-old female; recruitment ofmotor units onreflex maneuvers and oncommand tocontract. (Source: Schussler et al., 1994.)
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is encountered in many, but not all, detection
sites for the levator ani muscle' :' and is practically
never seen in the bulbocavernosus muscle. ' In
the pubococcygeus of the normal female there is
some increase of activity during bladder filling,
and reflex increases in activity during any activa
tion maneuver performed by the subject, e.g.,
talking, deep breathing, and coughing.

On voiding, inhibition of the tonic activity of
the external urethral sphincter, and the PFM,
leads to relaxation. This can be detected as a
disappearance of all EMG activity, which pre
cedes detrusor contraction. Similarly, the stri
ated anal sphincter relaxes with defecation and
micturition."
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FIGURE 1.2.3. Frequency histogram of the discharge rate of a
continuously firing tonic motor unitfrom theanal sphincter ofa
healthy adult female.The values ontheyaxis denote thenumber
of discharges (n) . The regularity of the motor unit discharge
should benoted. (Schussler etaI., 1994.)

while depending on the rate of filling. Any reflex
or voluntary act ivation is mirrored first in an
increase of the firing frequency of these motor
units. On the contrary, inhibition of firing is
apparent on initiation of voiding (Fig. 1.2.4).

With any stronger activation or sudden increase
in abdominal pressure (e.g., coughing), and only
for a limited length of time, new motor units are
recruited and may be called "phasic" motor units.
As a rule, they have potentials of higher ampli
tudes and their discharge rates are higher and
irregular. A small percentage of motor units with
an "intermediate" activation pattern can also be
encountered.S (It must be stressed that this typing
of motor units is electrophysiological, and that
no direct correlation to histochemical typing of
muscle fibers has so far been achieved .)

In regard to tonic activity, sphincters differ
from some other perineal muscles; tonic activity

Reflex Activity ofPelvic Floor Muscles

As the human urethral and anal striated sphinc
ters seem to have no muscle spindles, their reflex
reactivity is, thus, intrinsically different from
the levator ani muscle complex, in which muscle
spindles and Golgi tendon organs have been dem
onstrated.' Thus, PFMhave the intrinsic proprio
ceptive "servomechanism" for adjusting muscle
length and tension,whereas the sphincter muscles
depend on mucosa and afferents from skin. Both
muscle groups are integrated in reflex activity
that incorporates pelvic organ function.

The reflex activity of the PFM is clinically and
electrophysiologically evaluated by eliciting the
bulbocavernosus and anal reflexes. The bulbo
cavernosus reflex is evoked on nonpainful dorsal
clitoral nerve stimulation. As recorded by EMG,
it is a complex response; its first component is
thought to be an oligosynaptic reflex and the later
component a polysynaptic reflex." The polysyn
aptic anal reflex is elicited by pinprick stimula
tion in the perianal region .
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FIGURE 1.2.4. Inhibition of firing of tonic muscle activity on
command (to fake micturition). The arrow indicates the point at
which thecommand was given; thedouble arrowheads indicate

when thecommand was terminated (from theurethral sphincter
ofacontinent 53-year-old woman).
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The constant tonic activity ofsphincter muscles
is thought to be the result of the characteristics
of their "low threshold" motor neurons and
the constant reflex inputs either of segmental
or of suprasegmental origin. It is supported
by cutaneous stimuli, pelvic organ distension,
and intraabdominal pressure changes . Sudden
increases in intraabdominal pressure, as a rule,
lead to brisk reflex activity, which has been called
the "guarding reflex"; it is organized at the spinal
level.

To correspond to their functional (effector)
roles as pelvic organ supporters (e.g., during
coughing or sneezing), as sphincters for the lower
urinary tract (LUT) and anorectum, and as an
effector in the sexual arousal response, orgasm,
and ejaculation, PFM also have to be involved in
very complex involuntary reflex activity, which
coordinates the behavior of pelvic organs (smooth
muscle) and several different groups of striated
muscles. This activity is to be understood as orig
inating from so-called "pattern generators"
within the central nervous system, particularly
the brainstem. These pattern generators ("reflex
centers") are genetically built-in and are respon
sible for complex reflex motor activity.

Muscle Awareness

The sense of position and movement of one's
body is referred to as proprioception, and it
is particularly important for sensing limb posi
tion (stationary proprioception) and movement
(kinesthetic proprioception). Proprioception
relies on special mechanoreceptors in muscle
tendons and joint capsules. In muscles, there are
specialized stretch receptors, called muscle spin
dles, and in tendons there are Golgi tendon
organs, which sense the contractile force. In addi
tion , stretch-sensitive receptors signaling pos
tural information are also in the skin , and this
cutaneous proprioception is particularly impor
tant for control of the movements of muscles
without bony attachment (e.g., lips and anal
sphincter).

Thus, the functional status of a str iated muscle
(or rather a certain movement) is represented in
the brain. Indeed, muscle awareness reflects the
amount of sensory input from various sites. Typi-
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cally, feedback on limb muscle function (acting
at joints) is derived not only from their input
from muscle spindles, and receptors in tendons,
but also from the skin , from visual input, etc.
"Awareness," in fact, overlaps with the ability to
voluntarily change the state of a muscle.

In contrast to limb muscles, PFMs and sphinc
ters lack several of the aforementioned sensory
input mechanisms and, hence, the brain is weakly
informed about their status. Additionally, there
is a gender difference , inasmuch as PFM aware
ness in females seems to be generally less deve
loped compared with males. Although nearly all
healthy males are able to voluntarily contract
the pelvic floor, roughly every fourth healthy
woman lacks this ability. The need for "squeezing
out" the urethra at the end of micturition, as well
as the close relationship of penile erection and
ejaculation with pelvic floor function, seems to
be the origin of this difference. This primarily
weak or absent awareness of PFM in women
seems to be further jeopardized by vaginal
delivery.

To regain awareness (or initiate it if it had pri
marily been weak or absent) follows the same
principles as any other motor rehabilitation.
Motor learning has to aim for the activation of a
"dormant" pattern generator.

Voluntary Activity ofPelvic Floor Muscles

Skilled movement of distal limb muscles requires
individual motor units to be activated in a highly
focused manner by the primary motor cortex. In
contrast, the activation of axial muscles (neces
sary to maintain posture, etc.), while also under
voluntary control, depends particularly on ves
tibular nuclei and reticular formation to create
predetermined "motor patterns."

PFMare, in principle, under voluntary control,
i.e., it is possible to voluntarily activate or inhibit
the firing of their motor units (Figs. 1.2.1 and
1.2.4). There have been some claims that the
sphincter muscles can be contracted voluntarily,
but not relaxed at will. EMGstudies have shown,
however, that the activity of motor units in
the urethral sphincter can be extinguished at
both low and high bladder volumes , even with
out initiating micturition.v " Nevertheless, the
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voluntary control of both the sphincter and other
perineal muscles and PFMs is not as straight
forward, unconditional, and reliable as it is for
limb muscles. It is well known that many other
wise neurologically healthy women cannot con
tract their PFMs on command, which is also
demonstrated by EMG recordings. Thus, the
voluntary control of these muscles seems to be
less straightforward, and maybe more fragile
than is commonly the case with striated limb
musculature.

In order to voluntarily activate a striated
muscle we have to have the appropriate brain
"conceptualization" of that particular movement,
which acts as a rule within a particular complex
"movement pattern." This evolves particularly
through repeatedly executed commands and re
presents a certain "behavior."

Proprioceptive information is crucial for stri
ated muscle motor control, both in the "learn ing"
phase of a certain movement and for later execu
tion of overlearned motor behaviors. Propriocep
tive information is passed to the spinal cord
by fast-conducting, large-diameter myelinated
afferent fibers and is influenced not only by the
current state of the muscle but also by the efferent
discharge the muscle spindles receive from the
nervous system via gamma efferents. In order to
work out the state of the muscle, the brain must
take into account these efferent discharges and
make comparisons between the signals it sends
out to the muscle spindles along the gamma effer
ents and the afferent signals it receives from the
primary afferents. Essentially, the brain com
pares the signal from the muscle spindles with
the copy of its motor command (the "corollary
discharge" or "efferents copy"), which was sent
to the muscle spindle intrafusal muscle fibers by
the central nervous system via gamma efferents.
The differences between the two signals are used
in deciding on the state of the muscle . Experi
ments were done in limb muscles, " but it has
been suggested" that similar principles rule in
bladder neurocontrol; the brain would know
which efferent discharges were caused by disten
sion and which were caused by contractions
because the latter would be initiated by the central
nervous system. We propose that this is generally
true, but that the mechanism, while present, is
quite "weakly developed" for PFMs.
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Innervation ofPelvic Floor Muscles

Somatic Motor Pathways
The motor neurons that innervate the striated
muscle of the external urethral and anal sphinc
ters and perineum originate from a localized
column of cells in the sacral spinal cord called
Onuf's nucleus. " In humans, it expands from the
second to third sacral segment (S2-S3), and occa
sionally into Sl.I4Within Onuf's nucleus there is
some spatial separation between motor neurons
concerned with the control of the urethral and of
the anal sphincter (Fig. 1.2.5).

Spinal motor neurons for the levator ani group
of muscles seem to originate from S3-S5 seg
ments and show some overlap."

Sphincter motor neurons are uniform in
size and smaller than the other alpha motor
neurons. They also differ with respect to their
high concentrations of amino acid-, neuropep
tide-, norephinephrine-cserotonin-,and dopamine
containing terminals; these represent the

FIGURE 1.2.5. The pudendal nerve isderived from ventral rami of
roots (51, 52, 53, and 54). It continues through thegreater sciatic
foramen and enters in a lateral direction into the ischiorectal
fossa. Itsmuscular branches innervatetheexternal anal sphincter
and the external urethral sphincter. There may be muscular
branches for the levator ani, which is, as a rule, innervated by
direct branches from thesacral plexus (from above). which isthe
levator ani nerve. EA5 =external anal sphincter; EU5 =external
urethral sphincter, LAN = levator ani nerve, MLA = musculus
levator ani, PN =pudendal nerve. (Source : Modified from Swash,
2002.)41



1.2. Neural Control ofPelvic Floor Muscles

substrate for the distinctive neuropharmacologic
responses of these neurons, which differ both
from those of limb muscles, the bladder, and the
PFM.

The somatic motor fibers leave the spinal cord
at the ventral radices and fuse with the dorsal
radices to constitute the spinal nerve. After
passing through to the intravertebral foramen,
the spinal nerve divides into a dorsal ramus and
a ventral ramus." Somatic fibers from the ventral
rami (also called the sacral plexus) form the
pudendal nerve. Traditionally, the pudendal
nerve is described as being derived from the S2
S4ventral rami, but there may be some contribu
tion from the S1, and possibly little or no
contribution from the S4.17 The pudendal nerve
continues through the greater sciatic foramen
and enters in a lateral direction, through the
lesser sciatic foramen, into the ischiorectal
fossa (Alcock's canal). In the posterior part of
the Alcock's canal, the pudendal nerve gives off
the inferior rectal nerve; it then branches into the
perineal nerve and the dorsal nerve of the penis!
clitoris. Although still a controversial matter, it is
generally accepted that the pudendal nerve also
supplies the urinary and anal sphincter.

In contrast, it is mostly agreed that the main
innervation for the PFM is through direct
branches from the sacral plexus (from above)
rather than predominantly by branches of the
pudendal nerve (from below).

Significant variability of normal human neu
roanatomy is probably the source of these contro
versies, originating from anatomical studies of
the peripheral innervation of the pelvis, which,
as a rule, are performed in only a small number
of cases.

Descending inputs to PFM motor neurons are
manifold, and mostly "indirect." More "direct"
connections to Onuf's nucleus are from some
nuclei in the brainstem (e.g., raphe or ambigu
ous) and from the paraventricular hypothala
mus. Positron emission tomography (PET)
studies revealed activation of the (right) ventral
pontine tegmentum (in the brainstem) during
the holding of urine in human subjects. " This
finding is consistent with the location of the "L
region" in cats, which is proposed to control PFM
nuclei. These connections serve the coordinated
inclusion of PFM into "sacral" (LUT, anorectal,
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and sexual) functions. It should be mentioned
that PFM need to not only be neurally coordi
nated "within" a particular function (for instance,
with bladder activity), but the single functions
need to be neurally coordinated with each other
(e.g., voiding and erection).

The aforementioned sacral function control
system is proposed to be a part of the "emotional
motor system." This is a system derived from
brain or brainstem structures belonging to the
limbic system. It consists of a medial and a lateral
component." The medial component represents
diffuse pathways originating in the caudal brain
stem and terminating on (almost all) spinal grey
matter, using serotonin in particular as its neu
rotransmitter. This system is proposed to "set
the threshold" for overall changes, such as, for
instance, in muscle tone under different physio
logical conditions (sleeping, etc.). The lateral
component of the emotional motor system con
sists of discrete areas in the hemispheres and the
brainstem that are responsible for specific motor
activities, such as micturition and mating. The
pathways use spinal premotor interneurons to
influence motor neurons in somatic and auto
nomic spinal nuclei, thus, allowing for confluent
interactions of various inputs to modify the
motor neuron activity.

Furthermore, PFM nuclei receive descending
corticospinal input from the cerebral cortex. PET
studies have revealed the activation of the super
omedial precentral gyrus during voluntary PFM
contraction, and of the right anterior cingulate
gyrus during sustained PFMstraining.IS Not sur
prisingly, PFM contraction can be obtained by
electrical or magnetic transcranial stimulation of
the motor cortex in men (Fig. 1.2.6).20,21

Afferent Pathways

Because PFM function is intimately connected to
pelvic organ function, it is proposed that all
sensory information from the pelvic region is rel
evant for PFM neural control.

The sensory neurons are bipolar. Their cell
bodies are in spinal ganglia. They send a long
process to the periphery and a central process
into the spinal cord, where it terminates segmen
tally or, after branching for reflex connections,
ascends, in some cases as far as the brainstem."
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The terminals of pudendal nerve afferents in
the dorsal horn of the spinal cord are found not
only ipsilaterally but also bilaterally, with ipsilat
eral predominance."

The proprioceptive afferents form synaptic
contacts in the spinal cord and have collaterals
("primary afferent collaterals") that run ipsilat
erally in the dorsal spinal columns to synapse in
the gracillis (dorsal column) nuclei in the brain
stem. This pathway transmits information about
of innocuous sensations from the PFMs.

The lateral columns of the spinal cord transmit
information concerning pain sensations from
perineal skin, as well as sexual sensations. In
humans this pathway is situated superficially,
just ventral to the equator of the cord, and is
probably the spinothalamic tract. "

The spinal pathways, which transmit sensory
information from the visceral afferent termina
tions in the spinal cord to more rostral struc
tures, can be found in the dorsal, lateral, and
ventral spinal cord columns.

FIGURE 1.2.6. MEPs recorded by concentric needle intheexternal
urethral sphincter ofa 51-year-old woman. Cortical (a), thoracic
(b), and sacral (e) stimulation. Central motor conduction time
(CMCT) is calculated as cortical-lumbar latency (** = 10.6ms).
Cauda equina motor conduction time is calculated as lumbar
sacral latency (* =4.3 ms). (Source: Brostrom et al, 2003.)

The afferent pathways from the anogenital
region and pelvic region are commonly divided
into somatic and visceral. Somatic afferents
derive from touch, pain, and thermal receptors in
skin and mucosa and from proprioceptors in
muscles and tendons. (Proprioceptive afferents
especially arise from muscle spindles and Golgi
tendon organs.)

The visceral afferents accompany both para
sympathetic and sympathetic efferent fibers, the
somatic accompany the pudendal nerves and
direct somatic branches of the sacral plexus. The
different groups of afferent fibers have different
reflex connections and transmit, at least to some
extent, different afferent information.

Neural Control ofSacral Functions

Neural Control ofMicturition

The LUTis innervated by three sets of peripheral
nerves: parasympathetic nerves (52-54) , which
excite the bladder and relax the urethra (pelvic
nerves); sympathetic nerves (Thl l-Lz), which
inhibit the bladder body and excite the bladder
base and urethra (hypogastric and pelvic nerves);
and somatic nerves (S2-54), which control the
external urethral sphincter and PFM (pudendal
and levator ani nerves). These nerves contain
afferent (sensory) axons and motor (efferent)
nerve fibers (see Fig. 1.2.7).

Central nervous system integrative ("reflex")
centers responsible for micturition and urinary
continence are located in the rostral brainstem in
all species studied, including man, their activity
being modulated by higher centers in the hypo
thalamus and other brain areas, including the
frontal cortex. Centers in the pons (brainstem)
coordinate micturition as such,but centers rostral
to the pons are responsible for the timing of the
start of micturition. The pontine micturition
center (PMC) coordinates the activity of motor



1.2. Neural Control ofPelvic Floor Muscles 29

Medial primary motor cortex

Sacral

Lumbar spinal cord

Thoracic

Brainstem

Hemisphere

Pontine
micturition
centre

·····..Sacral
parasympathetic
nucleus

Thoracolumbal
sympathet ic
nucleus

L region

_ : >-" ~~:~ ::-- : ..'.'
································..····..··..~~~f;S.......

nucleus

Medial prefrontal cortteex:..===~~~~~
Periaqueductal grey -

FIGURE 1.2.7. Aschematic presentation of the main integrative
areas of lower urinary tract neural control. The three sets of
peripheral nerves are somatic (red), parasympathetic (green),

and sympathetic (blue) . The most important integrative center
for coordinated storage and emptying of the bladder are in the
brainstem (black).

neurons of the urinary bladder and the urethral
sphincter (both nuclei are located in the sacral
spinal cord), receiving afferent input via the peri
aqueductal grey. The central control ofLUT func
tion is organized as an on/off switching circuit
(or, rather, a set of circuits) that maintains a
reciprocal relationship between the urinary
bladder and urethral outlet.

The PMChas been well studied in experimental
animals, and it has also been demonstrated by
PET in the right dorsomedial pontine tegmentum
in human subjects. Apparently, it is more active on
the right." The PMC sends direct excitatory (glu
taminergic) projections to the parasympathetic
detrusor nucleus, and (possibly through the same
pathway) to the GABA-ergic commissural nucleus
at the 52-53 spinal level." The premotor inter
neurons from commissural nucleus inhibit the
urethral sphincter. " The PMC receives descend
ing input from brain areas, and afferent input
from the LUT; the latter it receives indirectly via
the periaqueductal grey (in the brainstem)."
Without the PMC and its spinal connections coor
dinated bladder/sphincter activity is not possible;
thus, patients with such lesions demonstrate
bladder sphincter discoordination (dyssynergia).
Patients with lesions above the pons do not show
detrusor-sphincter dyssynergia; however, they
suffer from urge incontinence (caused by detrusor

overactivity) and an inability to delay voiding at
inappropriate places and times.

Although voluntary micturition is a behavior
pattern that starts with the relaxation of striated
urethral sphincter and PFM, a voluntary PFM
contraction during voiding can lead to a stop of
micturition by the "reverse" activation of the
micturition center (e.g., the "pattern generator of
voiding"). Thus, PFM muscle contraction nor
mally is necessarily "accompanied" by bladder
inhibition. The voluntary "decision" is just a
"push on the button," which activates a predeter
mined and integrated motor pattern.

Neural Control ofContinence

At rest, continence is assured by a competent
sphincter mechanism, including not only the
striated and smooth muscle sphincter but also
the PFM and an adequate bladder storage func
tion. The kinesiological sphincter EMG record
ings in normals show continuous activity of
MUPs at rest , increasing with increasing bladder
fullness. Reflexes mediating excitatory outflow to
the sphincters are organized at the spinal level
(the guarding reflex). The L region in the brain
has also been called the "storage center"." This
area was active in PET studies of those volunteers
who could not void , but could contract their PFM.
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The L region is thought to exert a continuous
exciting effect on the Onuf's nucleus and, thus,
on the striated urinary sphincter during the
storage phase; in humans, it is probably part of a
complex set of pattern generators for different
coordinated motor activities, such as breathing,
coughing, straining, etc.

During physical stress (e.g., coughing, and
sneezing), the urethral and anal sphincters are
not sufficient to passively withhold the pressures
arising in the abdominal cavity and, hence,
within the bladder and lower rectum. Activation
of sphincter muscles, as well as the PFMs,is man
datory. (Individuals sensitive to their motor
control , for example, are able to feel a tightening
of the PFMs even during a minor stimulus like
taking a deep breath.) This process occurs in
two separate steps by two different activation
processes:

1. Coughing, sneezing, and deep breathing
are thought to be generated by individual pattern
generators within the brainstem, and, thus,
coactivation of the PFM is a preset coactivation,
and not primarily a "reflex" reaction to increased
intraabdominal pressure.

2. There is a reflex PFM response to increased
abdominal pressure caused by distension of
muscle spindles within the muscle. This reflex is
an additional factor in sustaining reflex activa
tion of the PFM.

In addition, and this is important for any treat 
ment program, the PFM can be voluntarily acti
vated concomitant with the very first awareness
that sneezing or coughing will happen. Such vol
untary contraction is part of normal behavior,
e.g., the ability to control a maximally filled
bladder or liquid stool-filled rectal ampulla
during additional physical stress, such as cough
ing. Forvarying reasons, such coordinated, timed
activity is not self-generated by patients, even if
they still have the ability of voluntary pelvic floor
contraction. But they may be able to learn the
trick (the Knack procedure). "

Neural Control ofAnorectal Function

The gastrointestinal tract has its own intrinsic
innervation, the enteric nervous system, regulat-
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ing enteric smooth muscle activity, as well as
secretory and absorptive functions of the mucosa.
It has its "own" afferents.

The colon is innervated by the parasympa
thetic system, the vagus, and the pelvic nerves.
The latter originate from 52-54 cord segments
and innervate the descending and sigmoid colon
and anorectum. Excitation promotes peristalsis,
local blood flow, and intestinal secretion.

The medial prefrontal cortex and the anterior
cingulate gyrus are thought to regulate the timing
and initiation of defecation.

Rectal distension causes reflex relaxation of
the smooth internal anal sphincter (the rectoanal
inhibitory reflex), allowing the rectal contents to
come into contact with the sensitive anal canal.
Simultaneously, the external anal sphincter con
tracts to ensure continence. This physiologic
process is called the "anal sampling reflex" and
allows for identification of the rectal contents
(gas, fluid, or solid). Indeed, it has been demon
strated to occur regularly (up to seven times per
hour) .

Feces stored in the colon is transported past
the rectosigmoid "physiological sphincter" into
the normally empty rectum, which can store up
to 300ml of contents. Rectal distension causes
regular contractions of the rectal wall (effected
by the intrinsic myenteric plexus) and prompts
the desire to defecate. "

Stool entering the rectum is detected by stretch
receptors in the rectal wall and PFM; their dis
charge leads to the urge to defecate. It starts as
an intermittent sensation, which becomes more
and more constant. Contraction of PFM may
interrupt the process, probably by concomitant
inhibitory influences to the defecatory neural
"pattern generator," but also by "mechanical"
insistence on sphincter contraction and the pro
pelling of feces back to the sigmoid colon."

PFMare intimately involved in anorectal func
tion. Apart from the "sensory" role of PFM and
the external anal sphincter function, the puborec
talis muscle is thought to maintain the "anorec
tal" angle, which facilitates continence, and has
to be relaxed to allow defecation.

Current concepts suggest that defecation
requires increased rectal pressure coordinated
with the relaxation of the anal sphincters and
PFM.Pelvicfloor relaxation allows opening of the
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anorectal angle and perineal descent, facilitating
fecal expulsion. Puborectalis and external anal
sphincter activity during evacuation is generally
inhibited. However, observations by EMG and
defecography suggest that the puborectalis may
not always relax during defecation in healthy
subjects . Puborectalis activity measured by EMG
was unchanged in 9% and increased in 25% of
healthy subjects." Thus, although "paradoxical"
puborectalis contraction during defecation is
used to diagnose pelvic floor dyssynergia in
patients with typical symptoms, this finding may
be related to normal variations also.

Neural Control ofthe Sexual Response

Genitals have their own, but in principle similar,
peripheral, somatic, parasympathetic, and sym
pathetic innervation from the same spinal cord
segments by the same sets of nerves as the LUT.

Erection, seminal emission, ejaculation, and
orgasm are part of the complex mating behavior
integrated by the forebrain and hypothalamus.
The nucleus paragigantocellularis has been
implicated in the inhibition of climax. This
nucleus , as well as the periaqueductal grey,
receive afferent input from the genitals.

Sexual arousal in men has been associated
with the activation of the insula and inferior
frontal cortex in the right brain hemisphere."

PFMare activelyinvolved in the sexual response.
Their activation has been mostly explored in males
during ejaculation, where their repetitive activa
tion during an interval of several seconds is
responsible for the expulsion of semen from the
urethra, particularly by the bulbospongiosus and
the bulbocavernosus muscles." Little is known
about PFM activity patterns during other parts of
the human sexual response cycle. It is assumed
that apart from general changes in muscle tone set
by the emotional motor system, it is the sacral
reflex circuit that governs much of the PFM
activity during the sexual response cycle." The
bulbocavernosus reflex behavior, as found in pre
vious studies," would allow for reflex activation of
PFMs during genital stimulation. Tonic stimula
tion of the reflex is postulated to hinder venous
outflow from the penis/clitoris, thus, helping erec
tion . PFM reflex contraction should conceivably
contribute to the achievement of the "orgasmic
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platform" (contraction of the levator ani and, in
the female, the circumvaginal muscles). Climax in
humans (in both sexes, and in experimental
animals) elicits rhythmic contractions of the PFM/
perineal muscles, which, in the male, dr ives the
ejaculate from the urethra (assisted by a coordi
nated reflex bladder neck closure).

Pelvic Floor Muscles in Neurological
(and Idiopathic) Lesions

Coordinated detrusor-sphincter activity is re
tained after suprapontine lesions (such as stroke,
Parkinson's disease, etc.), indicating the impor
tance of the PMC. However, normal behavioral
patterns of sacral function may be altered and
voluntary control of the PFM attenuated or lost.

Coordinated detrusor-sphincter activity is
lost with lesions between the lower sacral seg
ments and the upper pons (suprasacral infrapon
tine lesions), and sphincter inhibition is no longer
seen preceding detrusor contractions. On the
contrary, detrusor contractions are associated
with increased sphincter EMG activity. This
pattern of activity is called detrusor-sphincter
dyssynergia." Sphincter contraction (or failure
of relaxation) during involuntary detrusor con
tractions have been reported in patients with
Parkinson's disease." Sphincter behavior in Par
kinsonian patients has been also described as
bradykinetic. The neurogenic uncoordinated
sphincter behavior has to be differentiated
from "voluntary" contractions, which may occur
in poorly compliant patients; the sphincter
contractions of the so-called nonneuropathic
voiding dyssynergia may be a learned abnormal
behavior."

Paradoxical external anal sphincter activation
during defecation has been described in Parkin
son's disease (anismus"), Nonrelaxation of the
puborectalis muscle has been claimed as a major
general cause of obstipation, but this is contro
versial. PFMspasm has been described in women
as a functional problem in painful intercourse;
the entity "vaginismus" is, however, controver
sial. No EMG changes have been found in one
study" and increased basal activity has been
reported by another. " Anismus , vaginismus, and
pelvic pain derived from "PFM spasms" or PFM
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overactivity are attractive concepts derived from
pathophysiological assumptions in various, as
yet unexplained pathological pelvic conditions.
The pathological PFM activity in such patients
has been so far poorly documented, and the con
ditions remain controversial.

Peripheral lesions, either of the motor nuclei in
spinal conus, the nerve roots within cauda equina
or the peripheral nerves (the levator ani nerve
and the pudendal nerve), lead to denervation
injury of PFM.38 This can be partial or total, and
results in atrophy. Collateral reinnervation after
partial lesions is the rule . Axonal reinnervation
after total denervation may not occur for several
physiological or anatomical reasons.

Neuromuscular Injury to the Pelvic
Floor Caused by Vaginal Delivery

Many studies using different techniques have
demonstrated both neurogenic and structural
damage to PFM and sphincter muscles." There is
still a role for other lesion mechanisms, such as
muscle ischemia. The implication of all these
studies was that the PFMbecomes weak; this can,
indeed, be demonstrated." Thus, the sphincter
mechanisms and pelvic organ support become

functionally impaired, with stress incontinence
and prolapse being a logical consequence.

Although muscle weakness may well be a con
sequence of childbirth injury, there seem to be
further possibilities for deficient PFM function
because it is not only the strength of muscle con
traction that counts. Normal neural control of
muscle activity leads to coordinated and timely
responses to ensure appropriate muscle function
as required. These muscular behavioral patterns
have been studied by kinesiological EMGrecord
ing.' Changes in muscular behavior may origi
nate from minor repairable neuromuscular pelvic
floor injury.'

In healthy nulliparous women, two types of
behavioral patterns (tonic and phasic) can be
found (Figs. 1.2.8Aand 1.2.8B). The tonic pattern
consists of a crescendo-decrescendo type of activ
ity (probably derived from the grouping of slow
twitch motor units). The crescendo-decrescendo
pattern may be the expression of constant (tonic)
reflex input parallel to the breathing pattern.

The phasic pattern, which is probably related
to fast-twitch motor unit activation, is motor unit
activity seen only during voluntary (phasic) con
traction (e.g., coughing) (Fig. 1.2.1).

In respect to these muscle activation patterns,
parous women with stress urinary incontinence
are subject to several possible changes of these
activation patterns.'
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Repetit ive coughing (reflex activat ion)

FIGURE 1.2.8. Patterns of
activation ofpubococ
cygeus muscles (right
muscle, toptrace; left
muscle, bottom trace) in a
normal continent
nulliparous woman. (A)
Voluntary contraction; (B)
coughing; thetonic pattern
from thedetection site on
theright, and thephasic
pattern ofmuscle
activation from theleft.
(Source: Reproduced from
Deindl et aI., 1993, with
permission from Blackwell
Publishing Ltd.)
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FIGURE 1.2.9. Patterns ofactivation of pubococcigeus muscles
(right muscle, top trace; left muscle, bottom trace) in a parous
stress-incontinent woman (Reproduced from Deindl et aI., 1994,
with permission from Blackwell Publishing Ltd.). (A) The expected

recruitment ofmotor units during acough occurs only on one side
(although both pubococcigeus could be voluntarily activated) .
(8)Aparadoxical inhibition offiring ofmotor units occurs during
coughing.

1. Significant reduction of the duration of motor
unit recruitment.

2. Unilateral recruitment of reflex response in
the pubococcygeal muscle (Fig. 1.2.9 A).

3. Inhibition of continuous firing of motor units
(Fig. 1.2.9 B).

4. Delay in PFM activation on coughing.

Although it has not been proven in studies, it
is reasonable to assume that periods of pain and
discomfort after childbirth (e.g., perineal tears
and episiotomy), and particularly pain related
to attempted PFM contraction, could lead to a
temporary nonactivation of the PFM. This could
be the origin of disturbances in behavioral pat
terns, which would need to be readjusted. In
combination with a particularlyvulnerable pelvic
floor neural control, which only evolved in its
complexity phylogenet ically after the attainment
of the upright stance, such a temporary distur
bance of neural control after childb irth may
persist, although the lesion(s) would have fully
recovered.

Conclusion: Neurophysiologic
Conceptualization ofPFM
Physiotherapy

PFMs are an axial muscle group under promi
nently reflexive and relatively weak voluntary

control, which contributes few and poor sensory
data to awareness . Furthermore, its neural control
mechanism is fragile because of its relative philo 
genetic youth, age, and exposure to trauma and
disease because of its expansiveness of anatomy
(from frontal cortex to the "tail"). Dysfunctional
neural control induced by trauma, disease, or
purely functional causes may manifest itself by
over- or underactivity, and/or by discoordination
of PFM. Often these disturbances are not "hard
wired" into the nervous system, but are only a
problem of neural control "software" (which can
be "reprogrammed"). Therefore, physiotherapy
should, in many patients, provide an appropriate,
and perhaps the best, treatment.
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1.3
The Effects of Pregnancy and Childbirth on
the Pelvic Floor
Kaven Baessler and Bernhard Schussler

Key Messages

• Connective tissue remodeling before delivery
and intrapartum trauma play major roles in
pelvic floor dysfunction after childbirth.

• Frequency, stress incontinence, and, to a
lesser extent, overactive bladder increase in the
course of pregnancy and show a decline after
delivery.

• Stress incontinence occurs in up to 85% of
women during pregnancy, in 22% postpartum,
and in 4-19% de novo after childbirth.

• Stage II pelvic organ prolapse, especially ante
rior vaginal wall prolapse, is not uncommon
during pregnancy.

• After vaginal delivery, the position of the
perineum and bladder neck are lower and the
pelvic floor contraction strength is reduced.

• Reinnervation as a sign of denervation is pre
sent in 80% of women postpartum, but also
progresses over time and with ageing .

• Obesity and age are major risk factors for the
development of pelvic floor dysfunction.

• Risks factors for anal sphincter laceration
include first delivery, occipitoposterior pre
sentation, a prolonged second stage of labor,
forceps delivery, higher birth weight , and
maternal age greater than 35 years.

• Routine mediolateral and midline episiotomy
do not prevent pelvic floor trauma or protect
the baby, and they are obsolete .

• Cesarean section is only partially protective
and might reduce, but not totally prevent, pelvic
floor dysfunction.
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• Antepartum pelvic floor exercises led to adecline
of postpartum stress urinary incontinence.

Introduction

For many years, vaginal delivery has been consid
ered a principle causal factor in the development
of incontinence and pelvic organ prolapse.P :'
Recent large , community-based epidemiological
studies have revealed that pregnancy itself, with
its associated hormonal, connective tissue, and
physical changes, plays a major role, with vaginal
and instrumental delivery only further increas
ing the risk of pelvic floor dysfunction.v"Elective
cesarean section is commonly believed to pre 
serve pelvic floor function. Although it might sig
nificantly reduce the risk of pelvic organ prolapse
and anal sphincter defects, it does not necessarily
protect against urinary and anal incontinence in
the long term/ " Muscular, nerve, and connective
tissue damage has been demonstrated in up to
80% of women after vaginal deliveries/ but these
changes do not automatically result in pelvic floor
dysfunction symptoms. Epidemiological studies
have also emphasized the effect of promoting
factors; inevitable influences like ageing and
genetic predisposition v'" and often avoidable risk
factors like obesity, constipation, and hormone
replacement therapy. Recent research has ques
tioned the value of previously routine interven
tions like midline and mediolateral episiotomy,
but has also investigated the effects of forceps and
vacuum, which are used for instrumental deliver
ies, on the pelvic floor,"
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There are two main events before and during
childbirth that concern the whole body, and the
pelvic floor in particular; hormonal preparation
for childbirth, which allows dense connective
tissue to soften, and mechanical trauma during
vaginal delivery. This chapter presents an update
of our current knowledge on the effects of preg
nancy and childbirth on the pelvic floor and
pelvic floor symptoms. The influence of episiot
omy, instru mental delivery, and positioning
during vaginal birth are described and, subse
quently, emerging possible strategies for pelvic
floor protection are discussed. Many studies on
this topic have underutilized instruments such as
quality of life assessments, and the lack of con
sistency in terminology and definition of out
comes prevents comparison between studies.

Hormones: Changes and Impact

Hormonal alterations are physiological and
essential to prepare the body and to adjust the
musculature and connective tissue for vaginal
birth. It seems reasonable to assume that some of
these transformations might not have reversed in
women with considerable postpartum anatomi
cal and functional pelvic floor changes. This is
particularly true in the case of evident damage
after cesarean delivery, when mechanical trauma
to the pelvic floor was avoided.

Diminishing pelvic floor function during preg
nancy is at least partly related to the effects of the
high progesterone levels during pregnancy. Pro
gesterone is known to reduce the tonus in ureters,
bladder, and urethra because of its smooth
muscle-relaxing and estrogen-antagonizing ef
fects." Relaxin, which is a peptide hormone
similar to insulin, increases markedly during
pregnancy. It modifies the connective tissue and
has a collagenolytic effect to allow for appropri
ate stretching during vaginal birth in guinea
pigs." This hormone also seems to be responsible
for pelvic and symphyseal pain. " There might be
many hormones involved in connective tissue
remodeling and cervical ripening, e.g. increasing
joint mobility in pregnancy is well known. " As a
likely result of connective tissue remodeling in
preparation for birth, Landon and colleagues"
found that the connective tissue of the rectus
sheath fascia and the obturator fascia could be

stretched to greater lengths during pregnancy,
but were also much weaker. In some women,
these changes may be irreversible, or further
stretching beyond physiological limits (e.g.
during vaginal delivery) may result in permanent
dysfunction.

Mechanical Trauma

There is little doubt that vaginal delivery consti
tutes a traumatic event to the pelvic floor, but we
are not certain about the mechanisms that lead
to complete restitution or result in anatomical or
functional changes. Mechanical damage to the
pelvic floor musculature, connective tissue, and
nerve supply usually occurs during the second
stage of labor when the fetal head distends and
stretches the pelvic floor (Fig. 1.3.1; see also
dynamic 3D image on DVD). Lien et al. have
developed a pelvic model from MRI studies to
examine behavior and interaction of the baby's
head and the pelvic floor muscle. The most medial
part of the puboco ccygeus muscle is the part of
the pelvic floor that undergoes the largest stretch
ing, i.e. up to 3.26 times its original length,"

FIGURE 1.3.1. Pelvicfloor distension during vaginal delivery.Note
the stretching of the puborectalis and pubococcygeus muscle
and theseparation oftheperineal membrane. According to Lien
et al," the pubococcygeus muscle has the greatest rest/stretch
ratio during vaginal delivery; itstretches to3.26 times itsoriginal
length. (Source:Modified from Schussler B, Anthuber C, Warrell D.
The pelvic floor before and after delivery. In:Schussler B, Laycock
J, Norton P,Stanton S,editors. Pelvic floor re-education. Principles
and Practice. Springer-Verlag London Ltd;1994:871994:105.)
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Apart from the mechanical trauma - direct
muscle rupture or, more commonly, stretching 
there might also be biochemical damage to the
soft tissue, especially during long second stages
when the fetal head is compressing the pelvic
floor. Currently, it is not possible to determine
exactly whether pelvic floor symptoms are attrib
utable to impa irment caused by hormonal modi
fication (and lack of reversal) or mechanical
forces or a combination of both.

The Pelvic Floor During Pregnancy

Hormonal and mechanical changes, along with
the growing uterus displacing and distorting the
bladder, may contribute to pelvic floor dysfunc
tion during pregnancy. The physiological weight
gain during pregnancy might also playa role. An
increased body mass index correlates with the
intraabdominal pressure during urodynarnics"
and has repeatedly been shown to be an indepen
dent risk factor for urinary incontinence later in
life.

Symptoms

Increased daytime and nighttime urinary fre
quency is a very common symptom in pregnant
women.":" Although the increase in urinary fre
quency might predominantly result from the
increase in glomerular filtration rate, stress
incontinence symptoms are clearly a sign of
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pelvic floor changes. Stress incontinence during
pregnancyis reportedby up to 85%ofwomen,17,18,19
with an increasing incidence from 10% at 12
weeks to 23% at 24 weeks and 26% at 36 weeks of
gestation in one study," Urgency symptoms are
found in 23% of women, but urge incontinence is
not as common in 8% (Fig. 1.3.2).18 Voiding diffi
culties can also occur during pregnancy, with
43% of women in one study complaining of a
poor stream and 37% of incomplete bladder
emptying."

Findings During Pregnancy: Pelvic Organ
Prolapse and Urodynamics

Examination

During pregnancy, the blood flow to the pelvic
organs and the pelvic floor increases, connective
tissue becomes more elastic, and there is hyper
trophy of smooth muscle and hyperplasia of
mucous membranes." Three recent studies have
drawn attention to the occurrence of clinically
significant pelvic organ prolapse during preg
nancy in nulliparous women. All three studies
employed the validated quantification of pelvic
organ prolapse of the International Continence
Society. O'Boyle et al. used a case-control study
of21 nulliparous women at 14-39 weeks of gesta
tion and found stage 2 pelvic organ prolapse
(leading edge of prolapse +/- 1ernof the hymenal
remnants) in 48%, whereas none of the 21 age
and race-matched nonpregnant controls demon
strated stage 2 prolapse ." Another study assessed
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nancy and after delivery in primiparous
women.17.18.20



1.3. The Effects ofPregnancy and Childbirth onthePelvic Floor 39

pelvic organ prolapse at 36 weeks of gestation in
94 women." It revealed stage 2 prolapse in 26%.24
Cross-sectional comparisons of pelvic organ pro
lapse in the first, second, and third trimester also
confirmed that there is more stage 2 pelvic organ
prolapse in the third trimester (18/52;35%).25The
most frequent site of prolapse was the anterior
vaginal wall in all of these studies. Interestingly,
the latter study also demonstrated a clinically
significant increase in perineal body length of
almost 1em from the first to the third trimester.
Genital hiatus and total vaginal length increased
by approximately 5mm." The lengthening of the
perineal body during pregnancy is an intriguing
finding, given that a short perineum «4cm
during the first stage of labor) was associated
with higher episiotomy and vaginal tear rates,
although the overall number of episiotomy in
nulliparous women in that study was rather high
at 76%.26

Imaging

Many studies have compared bladder neck mobil
ity before and after delivery, but, unfortunately,
there is a paucity of prospective data on changes
that occur during pregnancy. However, compara
tive studies demonstrated that the urethrovesical
angle at rest is increasing during pregnancy" and
is significantly wider compared to nonpregnant
controls," and that the bladder neck shows an
increased "backward displacement" antenatally
compared with a nonpregnant control group."
This correlates well with the aforementioned
increase in anterior vaginal wall prolapse during
pregnancy.

Urodynamic Studies

Urodynamic studies during pregnancy have been
rather inconsistent in their findings. The urethral
closure pressure and the functional urethral
length were shown to increase during the course
of pregnancy according to one study," whereas
they remained unchanged in another." Com
pared with nulliparous nongravid controls, the
maximum urethral closure was lower during
pregnancy,"

Childbirth and Pelvic Floor Function

Hormonal changes will affect all pregnant
women; yet, the extent may vary widely. If a
woman undergoes cesarean section, the extent
might depend on the timing. Premature delivery
or elective or emergency cesarean section after
labor has already progressed might have differ
ent effects because of the different hormonal
changes and trauma. This part of the chapter
describes the immediate effects of childbirth on
the pelvic floor anatomy and function and the
impact of intrapartum interventions, and it
attempts to place the findings into the long-term
picture drawn by the new epidemiological
studies.

Findings on Clinical Examination After
Vaginal Delivery

The position of the perineum is lower after
vaginal delivery (Fig. 1.3.3,A and B).32 Employing
the International Continence Society (ICS) pelvic
organ prolapse standardization, Sze et al. pro
spectively studied nulliparous women and found
that postpartum 52% had stage 2 prolapse, 37%
had developed a new prolapse, and 15% revealed
a more severe prolapse compared to antenatal
examinations." Pelvic floor muscle contraction
strength is reduced after vaginal delivery, which
has been demonstrated with several investigation
techniques used: vaginal cones," standardized
physical examination assessment of pelvic floor
muscle strength," intravaginal squeeze pressure
measurement.s":" and perineal ultrasound."
However, there seems to be some recovery of the
lowered perineal position" and pelvic floor con
traction strengtlr ' ' :" 6 weeks to 3 months post
partum. The exact mechanisms of recovery or
deterioration remain unknown.

Neurophysiology

Intact innervation of the levator ani muscle, anal,
and urethral sphincters is critical to normal
pelvic function. Techniques to measure the com
petency of the nerve supply are often invasive
(needle electromyography [EMG]) or not very
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FIGURE 1.3.3. Position ofthebladder neck and perineum at rest and on straining during pregnancy in nulliparas (A) and after vaginal
delivery (B). While the positions at rest remain unchanged postpartum, thedescent ofthe bladder neck and the perineum during
straining increasessignificantly.J2,J5

specific and prone to disturbances (surface EMG)
or the exact implications are not clear (pudendal
nerve terminal motor latency [PNTML]).

Single-fiber EMG, as well as concentric-needle
EMG, can identify partial denervation by signs of
reinnervation, such as increased fiber density.
Prospective EMG studies performed before and
after childbirth substantiated the evidence of
childbirth-induced pelvic floor denervation,
detecting increased fiber density after vaginal
delivery/:" There is evidence of reinnervation in
80% of women after vaginal delivery.' Snooks
et a1.37investigated 14 multiparous women from
their previous studiea":" after five years and
demonstrated that pelvic floor denervation pro
gressed, indicating that age is a contributory
factor," Similarly, progressive denervation with
time up to 15 years postpartum was found in
another prospective study, corroborating the
ageing factor.?"

Prolongation of the PNTML is thought to be a
result of pudendal nerve damage during vaginal
delivery. Significantly prolonged mean PNTML's
have been found in women two to three days after
vaginal delivery, compared to a multiparous"
and a nulliparous control group." At follow-up
five years later, prolongation of PNTML per
sisted." Two prospective analyses demonstrated
a prolongation of the PNTML antenatally to six
to eight weeks after vaginal delivery, particularly
after the first delivery.":" But, again, many of
these changes seem to be temporary, as two-

thirds of the women with an abnormally pro
longed PNTML after delivery had normal
measurements six months later."

Findings onUrodynamics

Prospective urodynamics studies performed
during pregnancy and six to nine weeks postpar
tum revealed a notable decrease in urethral
closure pressure" and urethral length'S":" after
vaginal delivery. Women with persisting urinary
incontinence after childbirth were found to have
a shorter functional urethral length and a lower
urethral closure pressure compared with conti
nent women."

Findings on Perineal Ultrasound

Bladder neck mobility increases and the bladder
neck position is lower after vaginal delivery, as
imaged by perineal ultrasound (Fig. 1.3.3, A and
B).19,35,36 Women with postpartum stress inconti
nence were found to have greater bladder neck
mobility during straining before delivery com
pared with continent women." It remains unclear,
however, whether the lower observed bladder
neck position is caused by impaired connective
tissue structures, by reduced levator ani muscle
tone, or by both. Specific pelvic floor muscle
trauma can be depicted with MRI and 3D ultra
sound (see Imaging Chapter 2.4).
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Urinary Incontinence After Childbirth

up to 22% of women complain of urinary incon
tinence after delivery.'<" :" Denovo stress urinary
incontinence has been reported in 4-19% of
women who gave birth vaginally,":" Women who
had prep regnancy ur inary incontinence were
more likely to complain of daily incontinence 6
weeks and 6 months postpartum." Long-term
persistence is high; 5 years postpartum, the risk
of urinary incontinence was 92% in women who
developed symptoms during pregnancy or puer
perium (Fig. 1.3.2).In women who had remission
of incontinence 3 months postpartum, 42% had
recurrence 5 years later." Compared with women
who delivered by cesarean section, urinary incon
tinence is significantly more common after
vaginal delivery.F'":"

Obstetric and Maternal Risk Factors for
Urinary Incontinence

The literature on the contribution of obstetrical
factors to the development of urinary inconti
nence is inconsistent. In some studies, the dura
tion of the second stage of labor" and birth
weight" were associated with a higher incidence
of stress incontinence. Other authors did not find
significant correlation between stress inconti
nence, second stage of labor ,":" or birth weight.
However, obstetric risk factors, which show a sta
tistical significant correlation with the inconti
nence incidence immediately after delivery,
might disappear three months later." The large
Norwegian Epidemiology of Incontinence in the
County of Nord-Trendelag (EPINCONT) study
asked women more than 30-years-old about
incontinence symptoms after their first vaginal
delivery. The data were linked with a meticulous
birth register. The study confirmed known risk
factors like age, body mass index, and parity, but
also demonstrated that birth weight >4,000g,
breech, and instrumental delivery and epidural
are obstetric factors that seem to lose their influ
ence on incontinence (if they had any in the first
place), and that the ageing and weight gaining
processes take over." Forceps delivery has also
been identified to increase the risk of postpartum
urinary incontinence by 50% compared with
vaginal birth."

Wilson et al. examined maternal risk factors
for postpartum urinary incontinence and found
obesity to be associated with the development of
incontinence three months after childbirth."
Three studies, including a randomized controlled
trial, observed that antepartum pelvic floor exer
cises significantly reduced the prevalence of
postpartum incontinence. P'" :" One study failed
to predict postpartum urinary and fecal inconti
nence with markers of collagen weakness like
striae, varicose veins, hemorrhoids, and joint
hyperrnobility,"

Anal Sphincter Laceration and
Anal Incontinence

Clinically visible anal sphincter tears occur in up
to 7% of vaginal deliveries.v" :" Studies using
endoanal ultrasound revealed that there are also
occult sphincter defects in 33% of primiparous
and 4% of multiparous women after vaginal
delivery." :" The long-term impact of these occult
sphincter defects is not known.

The contraction pressure of the anal sphincter
decreases significantly after vaginal deliverr7.47.52
and does not return to antenatal strength," :"
even after 5 years. " Anal sphincter pressures at
rest are reduced after vaginal delivery, but not
after cesarean section.51.53.54 Resting pressures
tend to recover 5 weeks to 6 months postpar
tum,53.54whereas squeeze pressures increase, but
might not reach antenatal values,53particularly if
the anal sphincter was damaged. 54 Anal sphinc
ter ruptures can cause decreased contraction
pressures compared with spontaneous deliveries
without perineal tears .51 The decrement of the
resting pressure was significantly greater in
women with a sonographically demon strated
internal sphincter defect, and squeeze pressures
were lower in women with an external sphincter
defect."

Anal canal sensation assessed by mucosal elec
trosensitivity might be impa ired immediately
after vaginal delivery but seems to recover six
months postpartum.54 In contrast, two studies
with 232 women did not observe any changes in
anal sensation after vaginal delivery":"

After vaginal delivery, 0.04% to 5% of women
develop anal incontinence symptoms.18.55.56 This
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prevalence rises to levels of 17% to 57% after anal
sphincter rupture, despite primary repair.48,51,54,57
Even nine to twelve months after vaginal deliv
ery, incontinence of flatus was also more common
in women with anal sphincter rupture.58Most of
these anal symptoms are transient, but might
persist long term.59 Fecal incontinence symp
toms correlated with decreased anal pressures
and sphincter defects imaged by endoanal
ultrasound.l':"

Obstetric and Maternal Risk Factors for
Anal Incontinence

Several obstetric risk factors for the development
of sphincter lacerations have been identified. It
is the first vaginal delivery that causes most of

the damage and results more frequently in anal
sphincter tears.48,50,60 The occipitoposterior pre
sentation," a higher birth weight,47,48,5o,6o,61 pro

longed second stage of labor,":" and maternal
age of more than 35 years" were also associated
with an increased sphincter laceration rate. An
unchangeable feature - a subpubic arch angle
of less than 90 degrees - was associated with
prolonged labor and the development of anal
incontinence."

Sphincter lacerations occur more frequently
with forceps-assisted deliveries than with vacuum
extraction.47,57,6o,61 Only sonographically visible
occult sphincter defects were also more common
after forceps delivery. 51 Fecal incontinence symp
toms correlate with sphincter defects and are
seen in 38% of women delivered by forceps, in
12% of women delivered by vacuum, and in 4%
of spontaneous deliveries, with a significant dif
ference between forceps -assisted and spontane
ous delivery.51 In general, the risk of developing
fecal incontinence is increased after operative
vaginal delivery" but more so after use of
forceps." A systematic review estimated that one
anal sphincter tear is avoided for every 18 women
who had a vacuum delivery instead of forceps ."
In up to 91% of women who sustained a third
degree tear, endoanal sonography showed resi
dual sphincter defects indicating an inadequate
primary sphincter repair.47,49,64

The higher risk of pelvic floor damage when
using forceps in contrast to vacuum extraction
might be explained by the ability to pull the
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baby's head vigorously along an undesirable line .
The vacuum would be lost if not guided in an
optimal direction.

Subsequent deliveries increase the incidence of
sphincter defects and anal incontinence.t':" Pro
longed pudendal nerve terminal latency, instru
mental delivery, and higher maternal age" were
also associated with an increased risk of post
partum alteration of fecal continence.

Although the immediate anal incontinence
rate is significantly higher after sphincter lacera
tions, it seems that ageing is probably another
important factor in deteriorating pelvic floor
function. In a retrospective-matched control
study approximately 30 years postpartum, 29
women with anal sphincter disruption were com
pared with 89 women with episiotomy and 33
women delivered by cesarean section."The prev
alence of flatus and fecal incontinence did not
differ significantly in the 3 groups (episiotomy
group 31%, sphincter rupture group 42.7%, cesar
ean section group 36.4%). The prevalence of fecal
incontinence also did not differ significantly
between episiotomy group (18%) and sphincter
rupture group (6.9%), but women who were deliv
ered by cesarean section did not develop fecal
incontinence." Although this study did not
include clinical or sonographical examination to
correlate findings and symptoms, the results
display that successful management of childbirth
is not the ultimate end of care. Further direction
might be necessary to maintain an initially good
outcome.

Only one protective factor has been described;
Klein et al. showed that a strong exercise profile
(e.g. jogging or cycling 3 or more times per week)
was associated with fewer third- and fourth
degree tears."

Intrapartum Interventions: Impact on Pelvic
Floor Anatomy and Function

Routine Mediolateral and Midline Episiotomy
Are Obsolete

Woolley67,68 reviewed the literature on the bene
fits and risks of episiotomies from 1980 to 1994.
Woolley concluded that a mediolateral or midline
episiotomy does not prevent damage to the anal
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sphincter and its sequelae . Episiotomy does not
protect the newborn from intracranial hemor
rhage or intrapartum asphyxia. Episiotomy does,
however, prevent anterior lacerations. Midline
episiotomy carries a significant risk of extension
into the anal sphincter. Episiotomy increases
maternal blood loss. In the first week after vaginal
delivery, perineal pain is more common after epi
siotomy than after a spontaneous perineal lacera
tion . However, these differences disappear by 1
month postpartum.F'" These conclusions are
still valid; routine and selective midline episioto
mies were associated with higher incidences of
sphincter lacerations'S" and a reduction in
the use of midline episiotomies resulted in an
increase in the rate of intact perineum." Reduced
midline, as well as mediolateral episiotomy rates,
resulted in an increase in anterior and vaginal
lacerations.61,69-71

Most studies show that mediolateral episioto
mies do not prevent sphincter ruptures.f' :" and a
systematic and a Cochrane review of randomized
controlled trials comparing restrictive versus
routine use of episiotomy concluded that the
restrictive episiotomy policies are beneficial in
terms of posterior vaginal trauma and pain."
Three retrospective case-control studies reported
a protective effect of the mediolateral episiotomy
for the occurrence of severe sphincter lacera
tions.5o,60,74 However, one of these studies calcu
lated that among primiparas, 48 episiotomies
would have to have been performed to prevent

one severe tear. This number rises to 106episiot
omies among multiparas." On review of the lit
erature, it seems that the mediolateral episiotomy
rate in primiparas can be lowered to 20% and
30%without an increase in anal sphincter damage
(Fig. 1.3.4),10,71,75

Perineal pain, disturbed wound healing, and
dyspareunia are more common in women deliv
ered by mediolateral than by midline episiotomy
or with spontaneous perineal tear." :" Women
belonging to the group with restricted use of epi
siotomy and women with an intact perineum
started sexual intercourse earlier."

Prospective randomized controlled trials and
retrospective studies have failed to demonstrate
a protective effect of the mediolateral or midline
episiotomy on stress urinary incontinence after
vaginal delivery.I7,70,71There was no difference in
stress urinary and anal incontinence rates or
pelvic organ prolapse between women with or
without mediolateral episiotomy." Viktrup et al.
found a higher rate of stress incontinence when a
mediolateral episiotomy was performed." The
incidence of stress urinary incontinence did not
differ after episiotomies compared with sponta
neous per ineal tears .

Episiotomy did not influence PNTML38,39or the
urethral closure pressure." It did not result in
increased or decreased pelvic floor denervation.'
The ability to hold vaginal cones was more
reduced after vaginal delivery when an episiot 
omy was performed."

Thircllfourth degree tear rate (%)

%
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FIGURE 1.3.4. Different rates ofmediolat
eral episiotomies in nulliparous women
with corresponding third- and fourth
degree sphincter tears. It seems obvious
thatepisiotomy rates can berestricted to
at least 20-30% without an increase in
severe sphincter lacerations.s8,71,87- 91
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Upright or Lateral Position for Birth, Perineal
Massage, and Continuity ofCare

In several studies, supine or lithotomy position
for childbirth had a negative effect on the
perineum.f':" The adoption of upright pos itions
might protect the perineum56

,79,8o and tend to
reduce forceps-assisted deliveries." Perineal
massage during the weeks before delivery was
shown to reduce the risk of sutured perineal
trauma." Perineal massage and gentle stretching
during contractions in the second stage of labor
resulted in fewer third-degree tears, but bladder
and bowel function did not differ in a random
ized controlled trial of 1,340 women ." Adoption
of upright birth positions, warm compresses to
the perineum, flexion, and counter pressure to
the baby's head may be protective for both use of
episiotomy and occurrence of sphincter lacera
tions." Continuity of care by midwives during
pregnancy, childbirth, and puerperium seems to
be beneficial with regard to antenatal hospital
admission, analgesia during childbirth, rates of
episiotomies, and the woman's satisfaction."

Cesarean Section: Only Partially Protective

Immediate postpartum, as well as long-term,
studies have demonstrated that cesarean section
might reduce, but not totally prevent, urinary
and anal incontinence. Although cesarean section
might prevent direct anal sphincter trauma, both
elective and emergency cesarean section do not
necessarily prevent the development of anal
incontinence." :" Pelvic organ prolapse seemed
considerably lower after cesarean section.
However, in a rare prospective study before and
6 weeks after childbirth, Sze et al. described stage
II prolapse (rCS standardization) in 32% of 41
women who had spontaneous vaginal deliveries
and in 35% of 26 women after cesarean section
during active labor. "

Pregnancyitselfcaused no changes in PNTML,84

and although no changes in the motor unit poten
tials were found after elect ive cesarean section,
they were increased after emergency cesarean
sections, when labor had already progressed.'
Anal sphincter pressures at rest were reduced
after vaginal delivery, but not after cesarean
section.51

,53,54 The same applies to anal canal
sensation.54
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In summary, cesarean section is likely to avoid
immediate direct trauma to the pelvic floor, as
well as early functional impairment, but long
term protection is not necessarily given. The ben
efits of short-term prevention of pelvic floor
dysfunction have to be weighed against the risk
of cesarean section as an operation, as well as the
psychosocial impacts.

The Woman's Contribution to Reduce Loss of
Pelvic Floor Function

Antepartum pelvic floor exercises led to a decline
of postpartum stress urinary incontinence'v"
and an increase in vaginal pressures during vol
untary pelvic floor contraction." Obese women
have a higher risk of urinary incontinence during
pregnancy and postpartum'S" and several epide
miological studies have highlighted that obesity
is associated with deteriorating pelvic floor func
tion.Whether the physiological increase in weight
during pregnancy contributes to incontinence,
for instance, cannot be determined. The odds for
anal sphincter trauma are decreased in women
who regularly participate in sporting activities
like jogging."

Conclusions: Can Vaginal Delivery Be
Made Safer for the Pelvic Floor?

It is evident that pregnancy and childbirth can
result in pelvic floor dysfunction. In everyday
life, many precautions against potential damage
and injury are taken, but so far no predictive
factor for immediate postpartum pelvic floor
dysfunction has been established. Even cesarean
section does not completely eliminate the risk of
pelvic floor dysfunction. Why should women
undergo cesarean section when it does not prevent
pelvic floor symptoms in the long term? Women
have much control over some risk factors. They
should stay fit and healthy with a good diet and
regular low-impact sport, avoid constipation and
obesi ty, perform antenatal pelvic floor exercises,
and consider having babies before the age of 35.

Can vaginal delivery be made safer if midwives
and obstetricians utilize the available data to
minimize trauma and subsequent pelvic floor
dysfunction: no midline episiotomies, restrictive
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use of mediolateral episiotomy for fetal indica
tions, and vacuum rather than forceps delivery,
continuous care during pregnancy and child
birth, and lateral or upright birth position to
reduce instrumental deliveries? Prospective lon
gitudinal interventional studies are warranted to
answer these questions .
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1.4
Muscle Function and Ageing
Brenda Russell and Linda Brubaker

Key Messages

Normal muscle physiology in relation to the
pelvic floor is discussed to enable an understand
ing of dysfunction of the pelvic floor, particularly
of the anal and urethral sphincters, as a conse
quence of denervation, vaginal delivery, and
ageing. Clinical, electrophysioiogical, and mag
netic resonance imaging (MRI) assessments are
reviewed, and the mechanisms of repair and
rehabilitation are outlined.

Introduction

Several important pelvic functions rely on
healthy, functioning muscles. The urinary stress
continence system includes the striated pelvic
floor muscles and urethral sphincter muscles,
with both striated and smooth elements. Support
of pelvic organs is also believed to rely on healthy
muscle functions . This chapter will review clini
cally relevant aspects of normal and abnormal
muscle, mechanisms of injury and repair, tech
niques for muscle assessment, and opportunities
to alter muscle for prevention or treatment of
pelvic floor disorders.

Overview ofNormal Skeletal Muscle

Muscles are richly innervated so that contraction
can be controlled physiologically to shorten and
provide tension when necessary. Muscle tissue is
the major consumer of energy in humans because

it comprises over a third of the body mass and
uses adenosine triphosphate (ATP) for its con
tractile functions. Nearly 85% of body heat is
produced as the byproduct of muscle activity,
making muscle a key player in thermal homeo 
stasis . Extensive vascularization perfuses the
tissue to provide oxygen and nutrients and
remove waste. Muscle is also a major endocrine
organ with an important role in metabolic regu
lation . Disuse of muscle in quadriplegics, for
example, leads to type II diabetes .

Gross Anatomical Aspects

The gross organization of muscle tissue has the
familiar bundles of muscle fibers wrapped in
connective tissue layers.' These fascial layers are
slippery so that the muscles slide over each other,
enabling independence in function. Fibers termi
nate firmly on bone or anchor on adjacent fascia
so that the force developed by the muscle can be
transmitted to the surrounding structures. In
limb muscles, the ends of the fibers move toward
each other when force is produced, resulting in
shortening. In situations where both ends are
fixed, no relative movement can occur. This
results in isometric contraction for production of
tension without a change in length, thus, provid
ing support.

An individual skeletal muscle fiber is a long,
thin cell with many nuclei. This structure is
formed by the fusion of many myoblasts as a fiber
develops to make the multinucleated syncytia.
There is no limit to the length of a fiber, and a
single fiber can span from tendon to tendon in a
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limb muscle, being over a meter long in a tall
person. The diameter of a muscle fiber ranges
from 10urn in the finger to over 1,000urn in a
body builder's biceps.

Structure and Function ofNormal
Skeletal Muscle

Muscle is highly anisotropic, yielding a very dif
ferent appearance in the longitudinal and trans
verse planes of section. In the longitudinal
orientation, with light microscopy we see that the
bulk of the muscle fiber is striated (Fig. 1.4.1).The
dark bands are called the A-bands, and the light
bands are called the I-bands. In the middle of the
I-band it is also possible to see the thin, dark Z
line. The unit of contraction is the sarcomere,
which is defined between two adjacent Z-lines. In
cross-section, the fibers are circular or polygonal
(Fig. 1.4.2). Ultrastructure seen with electron

FIGURE 1.4.1. Light micrograph ofskeletal muscle in longitudinal
section. Whitevastus muscle oftheguinea pig. Light micrograph
of plastic-embedded muscle cut in a O.S-cm-thick longitudinal
section. Fibers are striated with A-bands (dark) and l-bands
(light). Note peripherally located nuclei (n) and connective tissue
(CT). Scale bar 10 um, (Source: Reproduced with permission from
Eisenberg, 1983.)
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FIGURE 1.4.2. Human skeletal muscle cut in cross section and
stained with a myofibrillar ATPase to show slow type Ifibers as
dark and fast type II fibers as light. Note thepolygonal shape of
thefibers and the mosaic mixture between thetypes. Scale bar,
50 um, (Source: Brenda Russell, University ofIllinois at Chicago.)

microscopy' reveals details about the striations
and other organelles (Fig. 1.4.3). The striations
are composed of interdigitating thick and thin
filaments bundled into myofibrils. The thick
myofilaments in the A-band are composed mainly
of myosin molecules and the thin myofilaments
in the I-band are polymers of actin. The thin
myofilaments are anchored at the Z-line and
extend into the A-band. The H-zone is the paler
central region of the A-band into which the thin
filaments have not penetrated. There are numer
ous additional molecules in the sarcomere, whose
functions are to modulate contraction, transmit
force effectively, sense mechanical changes,

FIGURE 1.4.3. Low-power electron micrograph ofrabbit skeletal
muscle in longitudinal section. (Source: Reprinted from Williams
PL. Grays Anatomy. 38th edition. 742. Copyright 1996 Churchill
Livingston, with permission from Elsevier.)
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signal the need for adaptation, and regulate
assembly and disassembly in training or
disuse.':"

Contraction occurs when the thick and thin
filaments slide past each other, making a shorter
sarcomere with the I-band becoming smaller.
Note that the filaments do not change in length.
The molecular motors driving this contraction
are the myosin cross-bridges, which cyclically
bind, rotate, and detach from the actin filaments
using energy provided by ATP hydrolysis. The
force generated throughout the fiber at the bil
lions of cross-bridges is transmitted by the intra
cellular and extracellular cytoskeleton. Forces go
longitudinally through the ends of the fiber and
laterally to the membrane at the Z-disc.

Muscle fibers have a very extensive membrane
system that fun ction to link the excitation of the
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outer sarcolemal membrane with the release of
calcium from the inner membrane reticulum to
initiate contraction (Fig. 1.4.4). A series of small
transverse tubules (T-tubules) open to the extra
cellular space at the sarcolema and envelop the
myofibrils twice, each sarcomere at the ends of
the A-band. The T-tubules carry the action poten
tial from the muscle surface to the interior of the
fiber. The endoplasmic reticulum is a separate
inner membrane system, called the sarcoplasmic
reticulum, which surrounds the myofibrils over
the ir entire length and pumps, stores, and releases
calcium ions. The excitation spreads inwards
through the T-tubule triggers and releases
calcium via the junction between the T-tubules
and sarcoplasmic reticulum. The pumps that
return the calcium to the reti culum are located
throughout the sarcoplasmic reticulum. Fat

FIGURE 1.4.4. Schematic three-dimensional diagram showing thesubcellular structure ofskeletal muscle. (Source: Reproduced from
The Journal ofCell Biology 1974;60:732-754, by copyright permission ofthe Rockefeller University Press.)
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droplets and glycogen store energy, and rows of
mitochondria lie in close proximity to the myofi
brils, ready to supply ATP for the contractile
process.

Normal Skeletal Muscle Adaptation

Normal muscle is highly adaptive so that the
molecular composition and size of the fibers can
be changed to match the needs of the person over
time. Thus, training can easily increase the fiber
strength by enlarging the fiber diameter, and
improve endurance by increasing blood flow,
mitochondrial content, and oxidative capacity.
Conversely,disuse causes fiber atrophy and limits
ability. In extreme situations, the speed of con
traction can be altered by exchange of the iso
forms of the contractile proteins.v'

Individual fibers can be evaluated by tech
niques such as histochemistry, biochemistry,
molecular biology, morphology, or physiology.
Quantification by these methods has yielded
enormous heterogeneity of function in the human
muscles. Nonetheless , it has been useful to lump
these functions and classify broad fiber types.
The relative proportion of fiber types within a
muscle varies from person to person and is partly
determined by genetics. However, this ratio can
be modified with exercise and training.

Muscle fibers that contract at a relat ively slow
speed and can sustain activity over long periods
without loss of tension are called type I, slow
twitch, slow-oxidative, or slow fatigue-resistant
fibers. They generate energy via aerobic metabo
lism from both fat and carbohydrates. Slowfibers
have a high concentration of mitochondria,
increased intracellular myoglobin to store and
transport oxygen, and a rich capillary bed. Myo
globin, mitochondria, and blood all contain red
pigments, so these slow fatigue-resistant muscles
are red.

A twitch with a rapid contractile rise time
defines the second major group as fast fibers,
which are also known as type II fibers. They have
myosin ATPase enzymes with a rate of shorten
ing 3 to 5 times that of slow muscle fibers. Fast
type II fibers are further subdivided into types
IIA, IIB, and IIX, according to their metabolism
and fatigue-resistant properties. Small lab ani
mals and humans differ in these fast subtypes. In
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FIGURE 1.4.5. Diagram showing innervation of a slow, type I
(dark) and fast, type II (light) fibers. When thenerve iscut (indi
cated by scissors in middle panel) the slow fibers atrophy. The
denervated fibers are later reinnervated by sprigs from a surviv
ing motor neuron and convert thefibers from theiroriginal slow
tothenew fast (dark) fibers resulting in agroup offibers with the
same fiber type and loss ofthe normal mosaic pattern. (Source:
Adapted from figure provided by Brenda Russell, University of
Illinois atChicago.)

human, the fast-twitch muscle fibers are predom
inantly type IIX and IIA, but type IIB fibers
with very low oxidative capacity are seldom
found. Human fast fiber characteristics include
moderate to high concentrations of mitochon
dria, fast myosin ATPase, and variable glycogen
content.

Skeletal muscles perform complex motor func
tions . Those muscles lying deep or close to the
bones provide posture and sustain tension over
long periods of time and are predominantly slow
twitch. The most superficial muscles often have
higher leverage over the joints and are recruited
to perform rapid voluntary movements, such as
throwing. These fibers in human are predomi
nantly fast-fatigable type IIX. However, most
muscles perform mixed functions and normally
have different fiber types intermixed in a mosaic
pattern (Fig. 1.4.5).

Within the Pelvic Floor

The pelvic floor and the sphincter muscles
contract constantly, except during voiding or
defecation." This requires strength and fatigue
resistance, but not speed, so as expected, these
fibers have a high percentage of slow type 1 fibers.
The pelvic floor muscles act as a functional group
to keep the vagina, urethra, and anal canal closed
while at rest. A pelvic muscle contraction assists
with stabilization of the urethra and raises ure-
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thral pressure." Changes in muscle function
occur as a result of ageing and vaginal delivery.

In normal women, the urethral sphincter also
contracts continuously, except during voiding,
again, being best served by slow fatigue-resistant
type I fibers.t'" With cough, the intraurethral
pressure increases more and before the bladder
pressure increases." It is believed that disrup
tions in this urethral responsiveness may playa
role in stress urinary incontinence." In limb
muscles, repetitive muscle contractions can cause
fatigue ." Verelst et al. found no differences in the
time to fatigue between continent and stress
incontinent women."

Mechanisms ofSkeletal
Muscle Weakness

Anything that affects production and trans
mission for useful mechanical work also limits
muscle function. Normal skeletal muscle func
tion obviously requires the motor machinery to
contract, but also depends on innervation to
provide the correct patterns of motor unit recruit
ment, vascular flow to provide the oxygen, and
an intact connective tissue and skeleton for useful
transmission of force.

Mechanical and Myopathic Damage

Extreme exercise, overstretch, or trauma can
damage muscle tissue. IS In the pelvic floor region,
vaginal delivery with ripping of the muscle at its
insertion or in the center is a common traumatic
injury. Also, the birth process, with its extreme
demands on endurance and partial nerve or
vascular damage, might be expected to reduce
muscle performance that would be further exac
erbated by underlying genetic differences.

There have been great advances in genetic
understanding in muscle diseases in the past
decades. Many single nuclear polymorphisms
(SNPSs) have been identified in myopathies
and reproduced in transgenic mouse models."
Although over half of these genetic changes have
been found in contractile proteins, they also
affect force transmission, such as dystophin in
muscular dystrophy. Given the importance of
calcium handling to trigger contraction, and of
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metabolism to sustain it, changes in those genes
can also compromise cardiac and skeletal muscle
function. These SNPSs are more common than
one might imagine, but are often masked until a
second event, such as trauma or extreme exer
cise, or a pathological incident further stresses
the muscle.

Neural

A common reason for lack of muscle function is
pathology of innervation. This can be from any
of the major neurological diseases, such as mul
tiple sclerosis, but it can also arise from trauma
to the spinal cord or peripheral nerves. Recovery
depends on regeneration and reprogramming of
the motor recruitment pathways.

Cardiovascular

It is often forgotten that continuous oxygenation
is essential for endurance because of the constant
demand for fuel by muscle fibers. Thus, pati
ents with heart failure, pulmonary problems, or
anemia will have secondary locomotor difficul
ties with continuous exercise, although short
bursts are feasible. Regional blood flow can be
compromised by many factors, including trauma
or diabetes, which secondarily affect peripheral
nerves.

Muscle Repair and Rehabilitation

Cellular Mechanisms ofRepair

Muscle has a great ability to repair itself, and
complete recovery can be expected as long as the
underlying nerve and vascular systems are func
tional. Muscle fibers have a population of adult
stem cells called satellite cells.":" One in about
every 20 muscle nuclei are actually these dormant
satellite cells locally situated under the base
ment membrane, but not actually fused into the
syncytium of the muscle fiber." Local injury
elicits an inflammatory response that is maximal
at 3-5 days and which triggers these satellite
cells to divide and to fuse with an adult fiber
in the immediate vicinity." Major damage results
in the migration of satellite cells from surround
ing healthy fibers. Note that research on
adult stem cells is currently very active and the



54

proliferation, mobilization, targeting, and differ
entiation into skeletal muscle is being rapidly
characterized." There is much hope that deeper
understanding of these processes will permit
improvement of repair in the future.

If a muscle tissue is strained to a breaking
point , satellite cells will fuse and bridge the gap
to reconnect healthy portions on the distal and
proximal ends of the injury. The greatest amount
of muscle repair occurs at the ends of the fibers,"
although there is also repair in the central
regions.P'"

Denervation leads to loss of muscle control and
muscle atrophy. However, the denervated motor
endplate regions are readily innervated by
ingrowing dendrites from nearby healthy nerves .
There is also potential for the formation of
entirely new motor endplates by incoming axons .
The reinnervated muscle fiber will receive the
pattern of activity from the newly connected
nerve and the fiber will change its type to meet
this new pattern. This sprouting of nerves can
result in groups of neighboring fibers sharing
identical innervation and, hence, leading to a
group of one kind of fiber rather than the usual
mosaic seen in cross-section (Fig. 1.4.6).

FIGURE 1.4.6. Human skeletal muscle ofa patient with a long
standing denervation disorder. The muscle is cut incross-section
and stained with a myofibrillar ATPase toshow slow type Ifibers
asdark and fast type II fibers aslight. Note thatthenormal mosaic
pattern has been replaced by denervation and reinnervation.
Scale bar100 urn. (Source: Brenda Russell, University ofIllinois at
Chicago.)
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Clinical Aspects ofRehabilitation
The pelvic floor muscles may be a primary or
secondary target of muscle rehabilitation. For
most pelvic floor disorders, these muscles are a
primary target, and are trained with progressive
strengthening programs that eventually incorpo
rate real-life strategies for using muscles to reduce
urinary incontinent episodes. There is no con
sensus for the optimal technique, although a
wide variety of programs appear to be adequate
clinically. Long-term compliance remains a chal
lenge." Pelvic muscle training may also be a sec
ondary target as part of trunk stabilization
programs.P:" Interested readers are referred to
these primary sources for further information.

Research in this area is often challenging
because pelvic muscle training is typically only
a part of the overall nonsurgical intervention.
Commonly, a myriad of low-risk, but potentially
high-impact, behavioral techniques are recom
mended simultaneously with muscle training.
This is most logical from a clinical care stand
point. However, to date, the most important
aspect of this treatment "package" remains
unclear.

Clinical Assessment

Clinical assessment of muscle function is impor
tant for planning treatment, as well as for pelvic
floor research. There is no consensus on the
optimal method of muscle measurement for clin
ical or research purposes. There are several
methods for assessing pelvic muscle function,
including vaginal palpation, vaginal pressure
measurement, electromyography, and transanal
palpation. Although imaging plays a role, it
remains a research tool at this time and will not
be reviewed in detail here. Digital assessment is
often performed in a casual clinical manner and
may be sufficient for gross assessment of muscle
function and symmetry. Several scoring systems
are available for further refinement of the digital
assessment. All of these hands-on measures have
undergone some degree of testing, but none of
them qualify or are accepted as the gold standard
for assessing pelvic muscle function.

Vaginal palpation is the most commonly used
method of assessing pelvic muscle function
because it is simple to perform, requires no equip-
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ment, and costs little. Two methods for palpation
have been described in the literature; the Oxford
grading system" and the Brink scale."

The Oxford grading system applies a 6-point
categorical scale (0 = nil, 1 = flicker, 2 = weak,
3 =medium, 4 =strong, and 5 =very strong) for
rating pelvic muscle strength. Determination of
pelvic muscle strength using the Brink scale is
based on three muscle contraction variables;
intensity of the "squeeze" generated by the muscle
contraction, vertical displacement of the exa
miners fingers as the muscles lateral to the
vagina contract, and duration of the muscle
contraction.

Bo and Finckenhagen reported the interrater
reliability of the Oxford scale and compared
Oxford ratings with vaginal pressure measures
obtained from a vaginal balloon device using a
small sample of young females with a mean age
of 25 years, mostly nulliparous, and the majority
without symptoms of pelvic floor dysfunction."
The Oxford scale had only fair intertester agree
ment. Vaginal squeeze pressure, measured by the
balloon device, did not differ between women
categorized as having weak, moderate, good, or
strong muscle contractions; however, the study
was limited by the small sample size.

Brink et al. reported the interrater reliability,
test-retest reliability, and validity of the Brink
scale from a sample of 208 women attending pre
treatment clinic visits. Test-retest had moderate
correlations (r= 0.51-0.65) for pressure, displace 
ment, duration, and total score. Interrater reli
ability in 36 women was also moderate, ranging
from 0.52 for duration to 0.74 for pressure.

A combined approach using visual and digital
assessment was tested for interobserver reliabil
ity in two groups of women, continent and in
continent." These investigators reported high
reliability in both groups. One commonly cited
limitation of digital grading systems is the lack
of discrimination between clinically important
groups.32-35 Comparisons of the digital methods
have been compared with intravaginal pressure
measurements with conflicting findings .t":"

Electromyographic (EMG) measures of pelvic
muscle strength typically use intravaginal surface
probes that may receive signals from other pelvic
muscles , such as gluteus or adductors. Digital
assessments are only modestly correlated with
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EMG using surface patches.f:" The Oxford
system and pressure perineometry in continent
women has not shown good correlation in the
single small study reporting these results."

Vaginal dynamometers and perineometers
have been introduced in an effort to provide a
more standardized assessment of pelvic floor
muscle strength. Morin et al. reported their
experience in 89 premenopausal women who
underwent a standardized assessment using the
modified Oxford grading system and a dynamo
metric speculum." These investigators confirm
prior reports that digital grading often results in
clinical overlap." They reported that the correla
tion between the modified Oxford grading system
and the dynamometric assessment was moderate
to good .

Magnetic Resonance Imaging has been used
for pelvic muscle assessment by several investiga
tors.":" DeLancey has reported MRI evidence of
levator abnormalities in nearly 30% of women
following vaginal delivery." In a subset of such
women, Miller et al. reported that women without
visible pubococcygeus muscle in MRIs are less
likely to be able to voluntarily increase their ure
thral closure pressure greater than 5em H20
on standardized urodynamic sphincter assess
ment." Although the clinical significance of such
findings requires further analysis, clearly the
pubococcygeus is an important pelvic muscle .
Hoyte et al." has highlighted the differences in
levator ani thickness in asymptomatic and symp
tomatic women using color thickness mapping
technique (Fig. 104.7, Aand B).However, given the
expense of these investigations, MRI is not cur
rently recommended as a clinical tool.

Bo et al. have reported a small series of female
physical therapists who were assessed by tradi
tional palpation techniques, as well as ultra
sound." In addition, they compared two sets
of instructions - one aimed at the transverses
abdominis and one aimed at pelvic floor muscles.
They suggest that in such healthy women, ultra
sound is more valid than palpation and that
instructions aimed at pelvic floor muscles are
more useful than instructions aimed at trans
verses abdominis muscles. Aswith much research
in pelvic floor muscle assessment, this finding
awaits reproduction in a clinical population.
Thompson and O'Sullivan used ultrasound in
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Clinical Relevance

Vaginal parity affects the appearance and func
tion of the pelvic floor muscles.Y" Multiple
authors have reported statistically significant
decreases in the pelvic floor muscle strength of
incontinent women compared with continent
controls. 51-5 3 Bocompared the pelvic floor muscle
strength of physical educat ion students in Norway
and was unable to detect significant differences
in strength in her small sample." In several clini
cal case series, investigators have reported that
women may not correctly perform a voluntary
contraction of their pelvic floor muscles.P ":"

Opportunities for Prevention or
Clinical Treatment

Several investigators have assessed the role of
pelvic muscle training in the prevention of symp
toms, especially during pregnancy"? ' In addi
tion , one novel randomized trial assessed the
effect of pelvic muscle training on the duration
of the second stage oflabor, finding that although
training did not reduce the duration of the second
stage overall, women in the training group had a
lower rate of prolonged second stage labor (train
ing group 34% vs. no training 21%}.62

Kegelis credited with the first observation that
a structured tra ining program may reduce clini 
cal symptoms of incontinence." He described a
strengthening program that is now known to
increase muscle tone and may elevate or improve
support of the pelvic organs in selected women.

Arecent Cochrane review concludes that pelvic
floor muscle exercise is consistently superior to
no treatment (or placebo)." Miller et al. report
that performing a voluntary contraction of the
pelvic floor muscles before and during increases
in abdominal pressure reduced cough leakage by
73-98%, depending on the strength of the cough."
A separate Cochrane review regarding weighted
vaginal cones for urinary incontinence suggests
that there may be a role for these devices in con
servative treatment." These reviewers recom
mend that larger, well-conducted studies should
be performed in order to detect differences in
several techniques of muscle training.

The optimal techniques for muscle training in
the pelvis are not established. However, experts
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FIGURE 1.4.7. A. Areconstructedlevator is shownin brown, with
the symphysis (S). Views of the front, left, and right sides are
shown. In thefront view, theinner layerfaces thelabell, and the
outer layer faces thelabel O. Additional images and video can be
found online atwww.us.elsevierhealth.com/ajog. B. Three views
ofa color-mapped levator areshown. The color bar onthe left
shows thethickness (in millimeters) corresponding to thecolors
seen. Additional images and video can befound online at www.
us.elsevierhealth.com/ajog. (Source:Reprinted from Hoyte et al.
Copyright 2004, with permission from Elsevier.)

104women with incontinence and/or prolapse to
assess levator plate movement." The relationship
between the instructions to elevate the levator
plate and the ultrasound appearance was variable
and inconsistent. Relationships to specific clini 
cal conditions, such as prolapse, require further
analysis. However, the investigators raise aware
ness that muscle dysfunction may playa role in
the genesis, propagation, or treatment outcomes
of common pelvic floor disorders such as pro
lapse and incontinence. Bernstein reported that
ultrasound is able to detect increasing muscle
thickness in women who are compliant with
pelvic muscle training." He also confirmed that
levator muscles are thicker in asymptomatic
women than those with stress urinary inconti
nence. This finding is consistent with the later
work using MRI techniques.
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agree that individualized programs are essential.
Such programs must take into account the current
skills and strength of the individual woman, and
further strength training must be specific for
each individual. Sapford et al. report that con
traction is associated with an increase in pelvic
floor muscle activity in health volunteers." Saps
ford et al. further reported that abdominal con
traction is a normal response to pelvic floor
exercises in health subjects." Neumann and Gil
also reported this finding." Thus, the often taught
technique of abdominal relaxation during pelvic
muscle contraction may be incorrect. In Neumann
and Gil's small series of four nulliparous lean
women, testing was performed twice, one week
apart; they noted that strong pelvic floor muscu
lar contractions invariably activated the abdomi
nal wall muscles. To date, these findings have not
been reproduced in a clinical population. Saps
ford emphasizes the importance of trunk stabili
zation in training" although this belief has not
undergone scientific testing. Beliefs and biases
strongly impact descriptions of pelvic floor
muscle training, similar to the impact of expert
opinion and bias in many other areas of pelvic
floor health. This area is ready for multiple high
quality research trials to determine the optimal
techniques for pelvic muscle training.

Normal Ageing Changes

Systemic changes in the nerve and cardiovascular
systems result in concomitant decline in muscle
function." However, the muscle fibers themselves
become atrophic because some growth factors and
hormones decline with age." At present, there are
intense studies on growth hormones to enhance
muscle growth with age and in disease. The hope
for a boost in the muscle growth rate that can
compensate for the deficits in muscular dystro
phies is a major instigator for these hypertrophy
studies. The insulin growth factor has muscle
specific isoforms that are clearly important for
increasing muscle mass." Furthermore, in males,
testosterone jumps as puberty begins, but reverses
in the latter decades oflife, which can be compen
sated for by anabolic and natural steroids. None
theless, the major application for muscle mass
increases is in the sports industry where steroids
and other drugs are widely abused.
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The regenerative properties of most tissues
decline with age because of changes in the stem
cells and to environmental cues from the sur
rounding extracellular matrix. The finding that
youthfulness can be returned to old satellite cells
has long been known to depend on the age of the
tissue matrix, which is partially attributable to
the finding that remodeling of the extracellular
hydrolytic and proteolytic systems differs in
muscles of old animals compared to young
animals." In muscle, satellite cell activation and
cell fate determination are controlled by the
Notch signaling pathway," Interestingly, the
reduced activation and proliferative capacity of
satellite cells in the elderly human population
means that the same bout of exercise leads to a
smaller increase in muscle mass and damage is
much less readily repaired." These ageing pro
cesses may be tightly coupled to the muscle
specific growth factors, which are important for
the division of the satellite cells."

Clinical Impact ofMuscle Dysfunction

Striated urethral sphincteric contraction is an
important part of maintaining normal conti
nence . It may also play a role in compensatory
techniques for maintaining continence. This is
particularly true during moments of increased
abdominal pressure, such as cough. This has
led investigators to describe the "cough anal
reflex.'>6,n

The role of muscle dysfunction in pelvic floor
disorders is often discussed as an important etio 
logical contributor. Stress urinary incontinence
is increasingly recognized as a neuromuscular
disorder with concomitant anatomical altera
tions. Regardless of "which came first," measur
able neuromuscular dysfunction is documented
by multiple modes of evaluation.

Amarenco et al. describe the relationship
between intravesical pressure and pelvic floor
muscle electromyographic activity using both
urodynamic assessment and electrophysiologic
techniques. In a small series, 16women who were
referred for frequency and/or urgency without
urge or stress incontinence underwent urody
namics with patch electrodes recording from the
three and nine o'clock perianal positions." At
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five different volumes (0, 100, 200, 300, and 400)
a series of successively increasing coughs oc
curred. These investigators report a close rela
tionship between the intravesical pressure (used
to compare the intensity of the cough effort) and
the integrated perianal EMG signal. Theyreported
that bladder filling did not alter the recruitment
curve, but, instead, the perianal EMG signal
increased only with increases in intravesical
pressure.

Aukee et al. reported their series of 31 women
with urodynamic stress incontinence and a com
parable group of 35 women without urinary
symptoms." Using vaginal EMG measures, they
recorded three rapid contractions in both supine
and standing positions . They reported a signifi
cant difference across groups, with incontinent
women demonstrating a lower mean decrease in
EMG activity with the standing position (incon
tinent, 12.9 [5.0-33.0] vs. continent, 18.2 [8.0
43.5]). Because of the small number of subjects
and the use of a relatively indirect assessment
with the vaginal EMG probe, they could not
substantiate further claims about muscle
dysfunction. However, their data is suggestive
of differences between groups by continence
status .

Future Directions

Multiple investigators are creating three
dimensional models of the pelvic muscles to
simulate the clinical situations of birth and
surgery with the hope of further understanding
the pathophysiology ofpelvicfloordisorders.P'":"
Our understanding of pelvic muscle morphology
and function is critical to the accurate creation of
appropriate models. Janda et al. describe their
efforts to obtain a complete data set to describe
the morphological parameters of the pelvic floor
muscles structures using a single embalmed
cadaver from a 72-year-old female. Through a
carefully described series of sequential tech
niques, the investigators attempted to measure
and summarize muscle parameters for all muscles
and all muscle elements of the levator ani
complex." These investigators have demon
strated the technical feasibility of transferring
cadaveric data to an MRI data set for ultimate use
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in modeling. However, DeLancey et al. have
previously pointed out the limitations of cer
tain embalming techniques and the significant
artifacts that may arise from measurements
and observations using cadaveric specimens
that have been embalmed in the supine, non
suspended positions."

Conclusion

The muscles of the pelvic floor are an intriguing
area of physiology.In health, these muscles assist
with pelvic functions, including urinary and
bowel control, as well as sexual function. In
disease, these muscles may suffer from primary
muscular injury or secondary dysfunction when
neuropathy is present . Given their central role in
pelvic floor health , continued emphasis on under
standing the anatomy, physiology, and patho 
physiology is important. Research regarding the
optimal methods of muscle assessment will be an
essential prerequisite to meaningful prevention
and clinical treatment. Our understanding of
optimal clinical treatment requires high-quality
clinical trials in well-characterized populations.
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1.5
Urinary Incontinence and
Voiding Dysfunction
Annette Kuhn and Bernhard Schussler

Key Messages

In this chapter, normal bladder function and its
neurological control, as wellas the types of incon
tinence, are classified and explained. Voiding
dysfunction is similarly classified, and its symp
toms, etiology, and outline of treatment are
presented.

Introduction

Physiological bladder function consists of two
phases; the storage phase, defined by the Interna
tional Continence Society (ICS) as "the phase in
which the bladder volume increases without a
significant rise in pressure (accommodation),"
and the voiding phase as when "a bladder con
traction is initiated and bladder neck, urethra,
and pelvic floor are relaxed in synchrony."!

These definitions are what they should be:
short, precise, and easy to comprehend. In con
trast, the physiological mechanism of bladder
function is complicated and not yet completely
elucidated.

It consists of two separate reflex circuits for
storage and voiding, which the cortical brain is
able to control and modify. This voluntary inter 
ference is distinct from most other visceral
organs, such as the heart, intestine, etc., which
are regulated exclusively by involuntary (auto
nomic) reflexes. As with the anal sphincter, corti 
cal control highlights the fact that voluntary
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sphincter control of these two organs is a manda
tory prerequisite for adequate social behavior.

The hardware driving these reflexes consists
of different centers within the central nervous
system, as well as of a network of autonomous
and somatic nerves; as a consequence , the system
involves smooth and skeletal muscles.

Based on careful perception of an individual's
bladder cycle during filling, storage, and voiding,
a fewexamples may help for a better understand
ing of the close entanglement of all of these
structures:

• No sensation at the very beginning of bladder
filling indicates a central threshold of bladder
perception.

• First sensation of the fluid in the bladder and
its voluntary suppression is carried out by the
cortical control mechanism.

• Earlier and more intensive urgency to void in
situations of psychic agitation apparently indi
cates connections to emotional areas within
the brain. This mechanism is also active in sit
uations when the bladder is adequately filled
and voiding is urgently intended, but the indi
vidual could not voluntarily initiate the process
because of social embarrassment (e.g, passing
urine during urodynamic assessment) .

• Voluntary suppression of an urgent need to
void by contracting the pelvic floor muscle for
a short period of time, relaxation of the pelvic
floor as a mandatory prerequisite for the initia
tion of voiding, and the ability to interrupt
voiding voluntarily by a contraction of the
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pelvic floor muscles all indicate a connection
between the autonomous system and the skel
etal muscle system and brain, the latter one
further highlighted by recent PET studies that
revealed that the most medial portion of the
motor cortex is activated during pelvic floor
contraction.'

Physiology ofStorage and
Voiding Phase

As shown in Figure 1.5.1, A and B, storage and
voiding of urine is controlled by 2 reflex arcs and
involve descending nerves, the thoracolumbar
sympathetic and pelvic parasympathetic nerves,
the pudendal nerves, and the afferent nerve
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fibers. These circuits act as "On/Off' switches
that are controlled by the presence or absence of
glutamate at the level of the sacral micturition
center. The central control of these reflexes is
located in the brain stem at the pontine micturi
tion center and the pontine voiding center.

The pelvic parasympathetic nerves, which
arise at the sacral level of the spinal cord, excite
the bladder. The thoracolumbar sympathetic
nerves, which arise at the thoracolumbar level of
the spinal cord, inhibit the bladder body and
excite the bladder base and urethra. The puden
dal nerves, which arise at 53-55 (Onuf's nucleus),
excite the urethral sphincter. Direct somatic
nerve branches, which stem from the same area,
excite the pelvic floor muscles. All of these nerves
contain sensory (afferent) fibers.

A
External
sphincter

External
sphincter

Pontine
micturition
centre

Pudendal
nerve B

FIGURE 1.5.1. A. Storage reflex.During thestorage phase,disten
sion of the bladder produces low-level vesical afferent firing,
which stimulates the sympathetic outflow ofthe bladder outlet
and pudendal outflow to the external urethral sphincter. These
responses occur by spinal reflex pathways and represent "guard
ing reflexes," which promote continence. (Source : Adapted with
permission from Abrams PH, Cardozo L, Khoury 5,Wein A, editors.
Incontinence. Plymouth, UK: Health Publication Ltd.; 2005:370.)

B. Voiding reflex. During elimination of urine, intense bladder
afferent firing activates spino-bulbo-spinal pathways passing
through the pontine micturition center, which stimulates the
parasympathetic outflow to thebladder and inhibits thesympa
thetic and pudendal outflow to the urethral outlet. (Source:
Adapted with permission from Abrams PH, Cardozo L, Khoury 5,
Wein A, editors. Incontinence. Plymouth, UK: Health Publication
Ltd.; 2005:370.)
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During storage of urine while glutamate is
present at Onuf's nucleus, distension of the
bladder wall produces low-level vesical afferent
firing, which in turn stimulates sympathetic
outflow to the bladder outlet (bladder neck and
urethra) and outflow of the pudendal nerves to
urethral sphincter and direct branches to the
pelvic floor respectively, increasing the tone of
smooth and skeletal muscle at these sites. These
responses occur by spinal reflex pathways and
represent the "guarding reflexes," which promote
continence. It is further enhanced before a cough
and other events challenging the continence
mechanism, thus, preparing the sphincter mech
anism adequately. Sympathetic firing also in
hibits the detrusor muscle and modulates
transmission in bladder ganglia. A region in the
pontine storage center increases urethral sphinc
ter activity (Fig. 1.5.1 A).

During elimination of urine while glutamate is
absent, intense bladder afferent firing activates
spino-bulbo-spinal pathways passing through
the pontine micturition center, which stimulates
the parasympathetic outflow to the bladder
muscle and internal sphincter smooth muscle,
thus, inhibiting the sympathetic and pudendal
outflow to the urethral outlet (Fig. 1.5.1 B).

Relaxation of the urethral smooth muscle is
also mediated by activation of a parasympathetic

pathway to the urethra that triggers the release of
nitric oxide, which is an inhibitory transmitter,
and by the removal of adrenergic and somatic
cholinergic excitatory inputs to the urethra. '

Studying these reflexes by constantly measur
ing intravesical pressure during filling and
voiding parallel to a sphincter/pelvic floor elec
tromyograph (EMG), as well as uroflow, illus
trates how these reflex circuits interact with each
other in harmony (Fig. 1.5.2 A).

As already mentioned, centers above the
pontine micturition center control and volun
tarily interfere with these two reflex circuits.
Although lesions in this area are not able to
abolish the reflex activity, they do, however, dis
connect cortical interference. This is why patients
with cortical brain damage (e.g., after a stroke)
may suffer from detrusor overactivity and/or may
lose the ability to delay voiding at an appropriate
place and time. Lesions below the pontine mictu
rition center and above the level of the sacral
reflex arc, as they occur in paraplegic patients,
lead to reflexincontinence combined with a detru
sor sphincter dyssynergia (Fig. 1.5.2 B).

Recently, interest has been focused on the layer
as a further independent mode of bladder func
tion . Todate, there is good evidence, at least from
animal data, that there are local interactions
between the smooth muscle, urothelium, afferent

60 60
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FIGURE 1.5.2. A. Voluntary voiding response in anadult. On the
leftsideofthe trace thearrows indicate thestartofthe bladder
filling. Note increased pelvic floor activity (EMG) with increas
ing bladder filling. No pelvic floor activity during voiding is
physiological. (Source: Reproduced with permission from
Abrams PH, Cardozo L, Khoury S, Wein A, editors. Incontinence.
Plymouth, UK: Health Publication Ltd.; 2005:371.) B. Voiding in
a paraplegic patient. The reciprocal relationship between

bladder and sphincter is abolished and detrusor sphincter
dyssynergiaoccurs. During bladder filling, transient uninhibited
bladder contractions occur inassociation with sphincter activity.
Further filling leads to more prolonged and simultaneous
contractions ofthe bladder and sphincter. (Source: Reproduced
with permission from Abrams PH, Cardozo L, Khoury S, Wein A,
editors. Incontinence. Plymouth, UK: Health Publication Ltd.;
2005:371.)
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nerve terminals, and various neurotransmitters.
The result seems to be an information system for
the central nervous system and for phasic activity
of the bladder wall during filling . The latter might
be able to better explain the phenomena of
bladder wall compliance, as it is not yet well
understood how the bladder is able to keep
normal bladder pressure increments as low as
30-40 em H20 during bladder filling of 400 ml
and more.

Incontinence

Incontinence is a pathological condition of the
storage phase and could be divided into func
tional and anatomical types. Various epidemio
logical studies have shown that stress urinary
incontinence is the predominant type. Its preva
lence has been shown to range between 27-50%Y
The overactive bladder syndrome (OAB) ranges
between 14%5 and 26%,6 and patients suffering
from mixed incontinence, e.g. a combination of
stress urinary incontinence and the OAB, con
tribute between 22%4 and 55%.6

Overflow incontinence is a rare form of urinary
incontinence, especially in females, mostly a
result of a longstanding overdistension of the
bladder either by subvesical obstruction, e.g. pro
lapse or obstructive incontinence surgery, or
caused by bladder denervation following radical
pelvic surgery.

Fistulae, as well as remnants of the embryonic
kidney system, may also lead to incontinence, but
are not functional disorders.

Stress Urinary Incontinence

Stress urinary incontinence is defined by the ICS
as the complaint of involuntary leakage on effort
or exertion, or on sneezing and coughing, at the
absence of any bladder contraction.' This implies
that weakness of the urethral closure mechanism
is the underlying pathology of this condition.

At rest, involuntary urinary leakage is pre
vented by the maximum urethral closure pres 
sure, which ranges between 50 and 80 ern H20 and
decreases with age.' As the bladder pressure 
as a result of bladder wall compliance - is kept
very low, even when the bladder is full, very low
urethral closure pressures are sufficient for con
tinence. Voluntary pelvic floor contraction could
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increase this pressure, as could contraction of the
striated sphincter muscle. The situation changes
when physical stress (e.g., sneezing and cough
ing) increases the intraabdominal pressure dra
matically and, depending on its extent, easily
exceeds any urethral closure pressure. The intact
ness of the following two mechanisms is critical:
the "guarding reflex," which actively increases
muscle tone, and the simultaneous passive trans
mission of the abdominal pressure (e.g. during a
cough) to the urethra. It is obvious that the greater
the loss of pressure transmission to the urethra
the greater the likelihood of stress incontinence.
It is also clear that a very low resting closure
pressure needs excellent pressure transmission
to maintain continence. Pressure transmission
is dependent not only on muscle tone but also on
the elasticity of the connective fibers both within
and adjacent to the muscle. The laxer and more
mobile the pelvic floor and urethra are, the less
likely it is that continence is maintained in a stress
situation.

When stress urinary incontinence occurs it is
the result of three main causes:

1. Pregnancy and delivery (see Chapter 1.3)
2. Ageing (see Chapter 1.4)
3. The individual continence threshold (see

Chapter 1.5, Fig. 1.5.2).

It is obvious that the lower the individual thresh
old, the more an individual is prone to develop
stress urinary incontinence later in life.

There is good evidence that the closure thresh
old varies individually. This is supported by data
from young nulliparous female athletes who
present evidence for sphincter insufficiency in
high-impact situations. Urine leakage occurred
in 50% of them while playing tennis, 67% during
gymnastics, and 29% during athletics."

There are other risk factors besides high
impact sports, such as pregnancy," parity, and an
increased body mass index.P'" as well as influ
ences such as cigarette smoking, hysterectomy,
and menopause, but evidence in support of these
factors is mixed."

As stress continence is the result of ade
quate urethral closure pressure and a stabilized
urethra at the very moment when stress occurs,
decreased closure pressure (intrinsic urethral
insufficiency) and hypermobility, both of which
can occur with a funneled bladder neck, are the



66

A

A. Kuhn and B. Schussler

Increased
bladder
neck
mobility

B

(

FIGURE 1.5.3. A. Anormal competent sphincter unit keeps the
urethra closed during physical stress (e.g. coughing) despite a
certain mobility ofthe urethra. B.Hypermobility ofthe urethra
and bladder neck during physical stress (e.g. coughing) can lead
to an opening ofthe urethra and bladder neck despite an ade
quate activity ofthe urethral sphincter. C. Decrease in urethral
sphincter activity can lead to an opening of the urethra and
bladder neck without increase of normal mobility of the
urethra.

critical challenges to continence. When stress
urinary incontinence occurs, either ofthese issues
may be the underlying pathology alone, but it is
usually a combination of both (Fig. 1.5.3,A-C).

It is obvious that in patients with stress urinary
incontinence caused by a low-pressure urethra
(intrinsic sphincter insufficiency) alone, physio
therapy is less likely to be successful. The same
is true for another entity of stress urinary incon
tinence that is often the final result of recurrent
incontinence surgery or pelvic irradiation. In
these cases, the urethra is scarred and completely
immobile, mostly fixed to the back surface of the

pubic bone. Consequently, this form of stress
urinary incontinence is often combined with
voiding disorder.

Overactive Bladder Syndrome

Overactive bladder syndrome is defined by the
ICS as any involuntary detrusor contraction
during the filling phase, which may be spontane
ous or provoked, and that the patient cannot
completely suppress .'

The OAB occurs either with (OAB/wet) or
without (OAB/dry) urinary leakage. Overactive
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TABU 1.5.1. Common causes for the development ofanoveractive bladder
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Gynecological

Urological

Infections
Endocrine

Medical

Psychological

bladder syndrome/wet refers to motor and
sensory urge incontinence, whereas OAB/dry
refers to frequency and urgency syndrome with
the unsuppressible need to void as a predominant
symptom. The maximal capacity of the bladder
is almost always reduced. Consequently, these
patients suffer from a bothersome increased
daytime and nighttime frequenc y. Frequency and
urgency caused by high fluid intake (which is
fashionable today and sometimes exceeds more
than three liters per day) is not a pathological
condition, as long as bladder capacity at micturi
tion is normal.

The etiology of the OAB is not completely
understood today. Although there are diseases
that are accompanied by OAB, in the majority of
patients it is an idiopathic condition (Table
1.5.1).

Urodynamically, two different forms ob OAB/
wet could be dist inguished: Motor urge inconti
nence and, very rarely, sensory urge inconti
nence. In motor urge incontinence,an involuntary
detrusor contraction leads to a rise in bladder
pressure and, hence, to an immediate inconti
nence episode. High-pressure motor urge epi
sodes are more likely to be affiliated with
neurological diseases.

Sensory urge incontinence totally mimics the
voiding phase apart from the fact that it occurs

Prolapse
Pregnancy
Pelvic surgery
Radiation
Atrophy
Pelvic mass
Intravesical tumor, Carcinoma insitu
Interstitialcystitis
Chronic urinary retention
Tuberculosis
Bladder calculus or other foreignbodies
Urinarytract infection
Diabetes mellitus
Diabetes insipidus
Drugs
Congestiveheart failure
Impaired renal function
Neurological disorders
Anxiety
Drinkinghabit

much earlier and without the ability of the indi
vidual to suppress the need to void. The best
example for sensory urge incontinence is an acute
urinary tract infection. OAB/dry mayor may
not be accompanied by autonomous detrusor
contractions.

Mixed Incontinence

Mixed incontinence is a combination of stress
urinary incontinence and overactive bladder. It
has been defined by the Ies as the complaint of
involuntary leakage of urine associated with
urgency and also with exertion and effort, like
sneezing or walking.' The diagnosis is usually
made after careful review of the patient's history.
In patients with a predominant motor urge incon
tinence component presenting with a low bladder
capacity, care has to be taken to diagnose mixed
incontinence. In these cases, neither the patient's
symptoms nor clinical examination or urody
namics are able to categorize the stress compo
nent correctly.

Between individuals with mixed incon 
tinence, both components vary in regard to
the extent of the incontinence and the bother to
the patient, which has implications for the
treatment.
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Voiding Dysfunction

Voiding in the female occurs as a result of a syn
chronized autonomic contraction of the detrusor
muscle and relaxation of urethral smooth and skel
etal muscles. Although relaxation of the pelvic
floor muscle is necessary for an unimpeded mictu
rition, voluntary gradual contraction is able not
only to steer urine outflow but also to influence the
direction of the urine stream. Increasing the
abdominal pressure by a Valsalva maneuver also
contributes to an increase in urine flow.

Retention occurs when the basic mechanism
fails, e.g., when the detrusor is unable to contract,
the urethra fails to relax, additional infravesical
resistance is present, or when there is a failure in
the synchronization of detrusor contraction and
urethral relaxation.

Voiding normally leads to an empty bladder
without residual urine. However, constant resid
ual urine whatever the origin and its extent is, is
a medical concern only if leading to symptoms
that can mimic a variety of other lower urinary
tract pathology (Table 1.5.2).

Although not as prevalent as in men, voiding
difficulties in women are not uncommon, with
prevalence rates of 12-17%.14.15

Chronic retention is the condition of a non
painful bladder that remains palpable or per
cussable after the patient has passed urine.

A. Kuhn and B. Schussler

It commonly presents with residual urine of at
least 50% of normal capacity.

An acute retention is the condition of a palpa
ble or percussable bladder when the patient is
unable to pass any urine and requires catheter
ization. Whether it is painful or painless depends
on the neurological status of the patient.

The etiology of voiding dysfunction is repre
senting defects at any conceivable level of
the normal micturition reflex, expanding from
mechanical infravesical obstruction as the most
common cause via muscular and neurogenic
failure up to psychogenic causes (Table 1.5.3).

Voiding dysfunction, even if it is caused by
infravesical obstruction, does not exclude symp
toms of any kind of urinary incontinence, and
the patient may end up with incontinence once
the pressure of the overdistended bladder wall
exceeds urethral pressure (overflow inconti
nence) . Based on the underlying pathology,
physiotherapy may play an important role in
reestablishing micturition or improving voiding
dysfunction. Pelvic floor relaxation techniques
may not only improve detrusor/pelvic floor dys
synergia conditions but also emptying of a hypo
contractile bladder.

Prevention and Treatment

Prevention or early recognition of retention may
avoid long term voiding difficulties. Not only

TABLE 1.5.2. Classification ofvoiding difficulties and retention

Condition Symptom

Asymptomatic voiding difficulty

Symptomatic voiding difficulty

Acute retention

Chronic retention

Acute chronic retention

Frequency
Urgency due tourinary infection ornosymptoms
Poor stream
Incomplete emptying
Straining
Frequency
Painful orpainless
Sudden onset
Reduced sensation
Hesitancy
Straining tovoid
Frequency, nocturia
Urgency, incontinence
Urinary tract infection
Painful orpainless
Sudden onset
Incontinence

Source: Modified from Shag and Dasgupta, 2002."
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TABLE 1.5.3. Etiology ofvoiding dysfunction

Etiology Mechanism
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Postsurgical causes

Prolapse
Acute inflammation
Pharmacological
Age

Neurological
Fowler'ssyndrome
Detrusor/pelvic floor

dyssynergia

Psychogenic
Infravesical obstruction

Endocrine

Any continence procedure orsurgery close tothebladder neck can provoke retention by physical obstruction and
postoperative edema.

Because ofurethral kinking, cystourethrocelemay cause inability tovoid,"
Patients with acute vulvitis, cystitis, urethritis may retain urine because ofpainful micturition.
Tricyclic antidepressants, alpha-adrenergic substances, anticholinergics and spinal orepidural anesthetic.
Widespread degenerative changes inall components ofthedetrusor, assmooth muscle cells and axons are the

morphological equivalent for impaired contractility.
Upper orlower motor neurone disease
Aprimary defect within thestriated urethral sphincter which ishypertrophied and fails torelax."
This isa learned orfunctional voiding dysfunction, which sometimes isalso called nonneurogenic neurogenic bladder.

The patient contracts her pelvic floor while there isadetrusor contraction, which leads toanintermittent stream
and high micturition pressure.

Psychogenic causes for impairedvoiding are well known inhysteria.,,·1.
Urethral stenosis is uncommon infemale patients, butpossible after traumatic catheterization. Distal urethral stenosis

may becaused by urogenital atrophy in postmenopausal women. Extrinsic causes for obstruction may beflbrolds,"
Diabetic neuropathy

long-time but also acute overdistension of the
detrusor may result in chronic voiding disorders
because of detrusor muscle damage."

Therefore, surgery which may lead to voiding
difficulties, e.g. incontinence operations or ex
tensive reconstructive or radical pelvic surgery,
will require prophylactic postoperative bladder
drainage. Suprapubic catheterization is superior
to a transurethral catheter, as it allows easy
trials of postoperative voiding without traumatic
transurethral recatheterization if voiding at
tempts are unsuccessful. The catheter can be
clamped and unclamped according to the patient's
progress.

If adequate voiding could not be reestablished,
clean intermittent self-catheterization is the
primary treatment for long-term voiding diffi
culties. Patients who are properly counseled by
professional staff will easily learn the technique,
which allows them to lead an independent,
normal life.

Sacromodulation involves stimulation of the
S3 root using a nerve stimulator. Encouraging
early results have been reported.
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1.6
Pelvic Organ Prolapse
Peggy A. Norton

Key Messages

In this chapter, the prevalence of prolapse and
the causative factors are reviewed. Important fea
tures of the clinical examination are described,
and the objective Pelvic Organ Prolapse Quanti
fication (POP-Q) and Schussler Quantitative
systems of clinical examination are illustrated
and explained.

Introduction

Pelvic organ prolapse is a common clinical entity
that may affect 1 in 3 women, where the pelvic
structures lose their support and descend to and
beyond the vaginal introitus. In the United States,
it accounts for 3 times as many surgical procedures
as stress urinary incontinence, despite the fact that
much of the condition is managed without surgery,'
The number of women who seek treatment for
pelvic floor disorders is expected to increase by
approximately 50% in the near future.'

Clinical Findings

Pelvic organ prolapse includes defects of the
anterior vaginal wall (cystocele), vaginal apex
(uterine prolapse, vaginal vault prolapse, and
enterocele), and posterior vaginal wall (rectocele
and enterocele.) The major symptoms associated
with POP include a sensation of fullness, pres
sure, bulging, or a lump in the vagina or at the
introitus. Patients report difficulties with voiding
or defecation, which is sometimes relieved by
splinting with a finger or thumb to effect empty-

ing, lower back pain, which improves after lying
down, and dyspareunia. Unlike urinary and fecal
incontinence, POP is difficult to assess in study
populations by symptom questionnaire; this
means that for epidemiological or outcome
research into POP an examination is the only way
to assess whether a woman has the condition or
not. Two quality of life instruments specific to
POP have been described;' although these instru
ments correlate with physical findings in women
with POP presenting for evaluation, they have not
been validated as outcome measures or as popu
lation screening tools.

Etiology and Risk Factors

Similar to other pelvic floor disorders, the etiol
ogy of POP is multifactorial.' The biggest risk
factor remains childbirth injury, but contribut
ing factors include conditions ofchronic increased
intraabdominal pressure: chronic pulmonary
disease (asthma, COPD), chronic constipation,
obesity, and occupations involving heavy lifting. 5

The natural history of POP remains to be
described; it is known that some women have
significant levels of pelvic organ descent without
symptoms, and that some women have identifi
able defects that do not progress over many years
of observation. Several large-scale studies have
included a physical assessment for POP with
some surprising findings; 30% of parous women
in the Heart and Estrogen/Progestin Replace
ment study had a cystocele to within 1em of the
hymenal ring, and of these, only 30% were symp
tomatic. Thus, an anatomical finding of descent
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from "normal" pelvic support may have no clini
cal significance unless the woman has associated
symptoms.

Examination

A vaginal examination with a speculum is neces
sary for the evaluation of POP. Abivalve Graves or
a Sims speculum is used to identify the cervix or
vaginal cuffafter hysterectomy, and is withdrawn
while the woman bears down until the point of
maximum descent is reached (i.e., the cervix or
cuff descends no further). All distances are mea
sured in centimeters relative to the hymenal ring,
the remnants of which can be identified in all
women. Although the vaginal apex (cervix or
cuff) is optimally found at 8-10 ern above the
hymenal ring, there can be considerable descent
toward the hymen without symptoms. The poste
rior vaginal wall is retracted with a Sims specu
lum or the posterior half of a Graves speculum,
while watching the anterior wall descend to its
maximum point, and is used again to retract the
anterior wall while watching the posterior wall
descend. Finally, the genital hiatus (distance from
midurethra to posterior fourchette) and perineal
body (distance from posterior fourchette to
midanal opening) are measured. All measure
ments are taken with the patient while strainingl
Valsalva; examining a patient in the supine lithot
omy position demonstrates less prolapse than
examining in a birthing chair at a 45degree sitting
position or in the standing position." Some clini
cians examine in the standing position as well if
the supine or sitting positions fail to reproduce
the woman's symptoms of bulging.

The International Continence Society devised
the POP-Q system in 1994 in an effort to stan
dardize the measurement of pop,7 The system
records two points in the anterior wall, two points
in the posterior wall, one to two points in the
apex, total vaginal length, and the measurements
of the genital hiatus and perineal body (Fig. 1.6.1).
The leading edge of the prolapse defines the
overall stage, with stage II being defined as the
leading edge being within 1ern of the hymenal
ring (above or below), stage IV being complete
eversion of the vagina, stage III being prolapse
greater than stage II but not complete eversion,

P.A. Norton

FIGURE 1.6.1. The pelvic organ prolapse quantification system for
description ofpelvic organ prolapse. In POP-Q, all measurements
arerelative tothehymen.The two anterior vaginal wall measure
ments areAa and Ba. Aa isthepoint 3 cm cephalad (internal) from
external urethral meatus, meant to represent thelocation ofthe
bladder neck. Ba is thepoint in theanterior wall which descends
most. The apical measurements areC, D, and total vaginal length
orTVL. Cmeasures the position theuterine cervix orinthecase
of hysterectomy, thevaginal cuff, while Dmeasures theposterior
fornix when theuterus is present. The two posterior vaginal wall
measurements are Ap and Bp. Ap is thepoint 3 cm cephalad from
theposterior forchette (at thehymen), and Bp isthatpoint in the
posterior wall which descends most. Additionally, genital hiatus
(gh) and perineal body length (pb) are recorded.'

stage 0 being no prolapse, and stage I being pro
lapse less than stage II (not to within 1cm of
the hymenal ring.) Although some specialist
gynecologists would prefer a system with more
detail that includes vaginal capacity, bladder neck
mobility, and the presence of a lateral wall defect,
the POP-Q system may be too detailed for
other clinicians. One useful modification is
the Schiissler diagram (Fig. 1.6.2), devised by
Schiissler as part of the original POP-Q system."
In this diagram, the vagina is represented dia
grammatically with an obtuse representation of
the introitus, and an outline of the leading edge
of the prolapse with including measurements.
Unless precise measurements are needed for
research purposes, the measurements for pro 
lapse, including a Schiissler diagram, should take
no more than a few minutes.
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Descending Perineal Syndrome

Perineal descent refers to the movement of the
perineal body (the area between the posterior
fourchette of the vagina and the anu s) with val
salva, especially during evacuation. At rest, the
perineal body should be several centimeters
above the ischial tuberosities, which are bony
prominences that are easily palpated in supine
lithotomy. Terminal branches of the pudendal
nerve insert into the perineal body. In child
birth, the fibromuscular wall of the rectovaginal
septum may become detached from the perineal
body; thus, with any straining the perineal body
descends several centimeters below or beyond
the ischial tuberosities, further injuring these
nerves as they stretched with the movement of
their insertion site." It has been suggested that
the clinical finding of perineal descent may actu
ally represent a hernia of the levator ani. " Some
surgeons have referred to a "perineal rectocele "
and have advocated repair by pulling bulbocav
ernosus tissue to the midline in a surgical repair
and reattaching the fibromuscular wall to its
insertion site on the perineal body." Loss of
pelvic floor muscle support may lead to more
than POP. Defecation can become disordered as
the stool bolus follows the path of least resis
tance and pushes the rectovaginal septum and
per ineal body in a caudal direction. The puden
dal nerve endings on the perineal body undergo

significant stretching during such straining to
move the stool bolus back to the anal sphincter,
thus, causing a chronic nerve damage in addi
tion to that seen with childbirth injury. Such
perineal descent may be compensated by
instructing patients to manually splint the
perineum or rectovaginal septum during defeca
tion. The Mayo Clinic reviewed their experience
with pelvic floor education for descending
perineum syndrome;" many patients still expe 
rienced constipation or excessive straining two
years after their regimen for pelvic floor train
ing, especially where the perineal body move
more than 4ern (relative to the ischial spines)
with straining.

POP and the Pelvic Floor

Does pelvic floor muscle dysfunction cause POP?
This has been the subject of much conjecture, but
little definitive research. The hypothesis is well
founded; as long as the muscles remained intact,
pelvic organs were supported without tension on
thei r suspensory ligaments. This idea originated
as long ago as the beginning of the twentieth
century with Paramore, who suggested that the
support of pelvic organs was similar to a boat in
drydock (Fig 1.6.3), where the water (pelvic floor
muscles) supports the boat (pelvic structures),
while the moorings (connective tissue supports
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FIGURE 1.6.3. Boat in drydock concept for the development of
pelvic organ prolapse.

such as ligaments) help to suspend and stabilize
the boat. If the water is withdrawn to work on the
underside of the boat, much strain is placed on
the moorings, which now support the entire boat
through its suspensions. Similarly, loss of some
or all of the pelvic floor support may place exces
sive strain on the connective tissue suspensions
in the pelvis. Although good pelvic floor function
would be expected to preserve pelvic organ
support, it is unknown whether such muscle
training could be expected to improve support,
once damage (stretching or breaking) of the sus
pensory components has occurred.

Although it may be difficult to show a cause
and effect relationship for pelvic floor dysfunc
tion and POP,a related question is whether pelvic
floor muscles prevent POP. The American College
of Obstetrics and Gynecology's patient education
bulletin on pelvic relaxation recommends that
patients employ Kegel exercise to improve their
POP, although no published studies exist to
confirm this. If the pelvic floor prevents undue
burden on the pelvic suspensory/connective
tissue components, then one might hypothesize
that strengthening the pelvic floor would have a
very positive impact on prolapse. However,appre
ciation of a damaged pelvic floor may come late
in the process; if the injury to the muscles is at
the time of childbirth and the woman is able to
compensate somewhat to achieve normal func
tion, the lack of support may begin the process of
POP. Teaching these muscles to contract better
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after the prolapse has developed is unlikely to
reverse the process of POP.

References

1. Olsen A, Smith V,Bergstrom J, et a1. Epidemiology
of surgically managed pelvic organ prolapse and
urinaryincontinence. ObstetGyneco1.1997;89:501
506.

2. Luber K, Boero S, Choe J. The demographics of
pelvic floor disorders: current observations and
future projections. Am J Obstet Gyneco1. 2001;
184:1496-1501.

3. Barber MD, Kuchibhatla MN, Pieper CF, et a1.
Psychometric evaluation of 2 comprehensive
condition-specific quality of life instruments for
women with pelvic floor disorders. Am J Obstet
Gyneco1. 2001;185(6):1388-1395.

4. Bump R, Norton P. Epidemiology and natural
history of pelvic floor dysfunction. Obstet Gynecol
Clin North Am. 1998;25(4):723-46.

5. Spence-Jones C, Kamm M, Henry M, Hudson C.
Bowel dysfunction: a pathogenic factor in utero
vaginal prolapse and urinary stress incontinence.
Br J Obstet Gynaeco1. 1994;101(2):147-152.

6. Barber MD, Lambers A, Visco AG, et a1. Effect of
patient position on clinical evaluation of pelvic
organ prolapse. Obstet Gyneco1. 2000;96(1):18
22.

7. Viereck V, Peschers U, Singer M, Schuessler B.
Metrische Quantifizierung des weiblichen Geni
talprolapses: Eine sinnvolle Neuerung in der
Prolapsdiagnostik? GeburtshFrauenheik. 1997;57:
177-182.

8. Bump R, Mattiasson A, BO K, et a1. The standard
ization of terminology of female pelvic organ pro
lapse and pelvic floor dysfunction. Am J Obstet
Gyneco1. 1996;175:10-17.

9. Henry M, Parks A, Swash M. The pelvic floor mus
culature in the descending perineum syndrome.
Br J Surg. 1982;69:470-472.

10. Gearhart SL, Pannu HK, Cundiff GW, et a1. Peri
neal descent and levator ani hernia: a dynamic
magnetic resonance imaging study. Dis Colon
Rectum. 2004;47(8):1298-1304.

11. Richardson A. The anatomic defects in rectocele
and enterocele . J Pelvic Surg. 1995;4:214-221.

12. Harewood GC, Coulie B, Camilleri M, et a1.
Descending perineum syndrome: audit of clinical
and laboratory features and outcome of pelvic
floor retraining. Am J Gastroentero1. 1999;94(1):
126-130.



1.7
Anal Incontinence, Constipation, and
Obstructed Defecation
Abdul H. Sultan and A. Muti Abulaffi

Key Message

The definitions and prevalence of anal incon
tinence and constipation are discussed. The
anatomy, physiology, and pathophysiology of
bowelmotilityand sphincter control are reviewed.
The relationship between posterior compartmen
tal prolapse, rectal prolapse, and uterovaginal
prolapse is discussed.

Introduction

Anal incontinence is defined as the loss of normal
control of bowel action leading to the involuntary
passage of flatus and feces. Incontinence can
range from a minor leakage of feculent fluid,
occasional leakage of stool during passage of
flatus, to a complete loss of bowel control. Con
stipation, on the other hand, has no universally
accepted definition . About 80% of people suffer
from constipation at some time during their lives,
and brief periods of constipation are normal.
Widespread beliefs, such as the assumption that
everyone should have a movement at least once
each day, have led to overuse and abuse of laxa
tives. Some of the most frequently used defini
tions include infrequent bowel movements,
typically 2 or less per week, difficulty in defeca
tion (straining at passing stools for more than
25% of bowel movements or a subjective sensa
tion of hard stools), or the sensation of incom
plete bowel emptying. Agachan et al.' proposed

an objective constipation scoring system using a
100-question symptom analysis which correlated
well with colon transit, anal manometry, proc
tography, and electromyography.

Anal incontinence has an estimated prevalence
of 0.42%, rising to more than 1% in the over 65
age group.' The condition is more common in
women than men of young and middle age,
although in the elderly, it affects both sexes
equally. Constipation is far more common, with
an estimated prevalence of 2%with women being
affected 3 times more often than men.'

Although constipation and incontinence would
seem to be at the opposite extremes of the spec
trum, there are scenarios where constipation can
lead to incontinence (see the following sections).

Anatomy and Physiology

The Large Bowel

The large bowel is 1.5m long from the ileocecal
valve to the anus . It is arbitrarily divided into
the cecum, ascending colon, transverse colon,
descending colon, sigmoid colon, and rectum.
The transverse and sigmoid colon always have a
mesentery, but the ascending and descending
colons have a mesentery in 12%and 22%, respec
tively. The function of the large bowel is to mix
and propel its contents and to absorb water and
electrolytes . Bowel activity (peristalsis) is in
voluntary and is mediated by a combination of
extrinsic and intrinsic nervous systems. The
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extrinsic innervation is made up of sympathetic
and parasympathetic nerves. The intrinsic inner
vation is made up of the enteric nervous system,
which is a network of nerve cells in the bowel
wall comprising the myenteric and submucosal
plexuses.

The Anal Sphincter and Pelvic Floor
The anal canal is 3-4 em in length. It is sur
rounded by two muscles (Fig. 1.7.1):4 (1) the inter
nal sphincter, a smooth muscle that represents
the expanded distal portion of the circular
smooth muscle of the rectum and is innervated
by the autonomic nerves, and (2) the external
sphincter, a striated muscle that is situated
around the internal sphincter and extends supe
riorly to blend with the puborectalis, which is an
important constituent of the levator ani. It is
divided descriptively into three parts; subcutane
ous, superficial, and deep. The innervation of the
external sphincter is from the pudendal nerves
(52, 53, 54), and that of the puborectalis is from
direct branches of 53 and 54.

The internal sphincter is almost always con
tracted and contributes up to 70% of the resting
tone. Relaxation occurs in response to certain
stimuli such as rectal distension (rectosphinc-
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teric reflex), and then only for a short time. The
external sphincter, puborectalis, and levator ani
are constantly active, even during sleep. This
activity in the external sphincter further contrib
utes to the resting tone of the anal canal. The
activity in these muscles is increased by volun
tary squeezing, but usually only for short periods
(up to 60 seconds) and is lowered during defeca
tion (initial straining effort).

The anorectal angle is created and maintained
by the constant active contraction of the levator
ani and its most central portion, the puborecta
lis, which passes around the rectum in aU-shaped
fashion, thus, pulling it forward. This allows the
anterior wall of the rectum to cover the top of
the anal canal as a flap valve. Any increase in the
intraabdominal pressure causes the flap valve to
close more tightly, preventing rectal contents
from entering the anal canal.

Continence and Defecation
Normal continence and defecation is achieved by
the interplay between a host of sensory and motor
inputs. The rectum maintains low intraluminal
pressure (rectal compliance) and accommodates
slowlyto the fecal contents, which are propagated
slowly down the colon by colonic peristalsis.

( 'trcular
sm oo th
muscle

FIGURE 1.7.1. Diagrammatic representa
tion of the anal sphincter mechanism,
(Thakar and Sultan, 2003.)
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FIGURE 1.7.2. The mechanism of maintaining continence and Bowel evacuation

defecation. (Sultan and Nugent, 2004.) Q
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Once a certain volume is reached (usually 200ml),
a sensation of rectal fullness occurs, which is
mediated by sensory stretch receptors in the
puborectalis and levator ani. The rectosphinc
teric inhibitory reflex (anorectal inhibitory reflex)
is activated, causing relaxation of the internal
anal sphincter. The fecal bolus descends towards
the anal canal, but is prevented from progressing
further by the voluntary contraction of the exter
nal sphincter. At this point, sensory sampling by
the profuse sensory receptors of the anal canal
permits the individual to distinguish between
flatus, liquid, or solid (Fig. 1.7.2). When socially
convenient, the external sphincter and puborec
talis are relaxed and combined with straining,
the anorectal angle straightens, allowing the
rectal contents to be expelled . If the timing is
inconvenient, the external sphincter and puborec
talis remain contracted, returning the luminal
contents back to the rectum, and the contents are
then reaccommodated in the colon."

Pathophysiology

Anal Incontinence

Most of the resting anal pressure is contributed
by the internal anal sphincter (up to 70%), the
anal cushions (up to 15%), and the external
sphincter (the remaining percentage of pressure).

In general, passive soiling and lor flatus inconti
nence is associated with internal sphincter dys
function. By contrast, urgency and/or urge
incontinence is associated with external sphinc
ter dysfunction. However, more frequently dys
function involves both sphincters, giving rise to
mixed symptoms.

When anal incontinence is attributed to anal
sphincter dysfunction, it is usually caused by
either mechanical disruption or neuropathy, but
sometimes both may coexist. Obstetric trauma is
a major etiological factor, and there is a double
peak incidence of anal incontinence; the first is
in the postpartum period and the second is in the
perimenopausal years. After the advent of anal
endosonography it has been shown that approxi
mately one third of primiparous women develop
anal sphincter injury that is not recognized
during vaginal delivery," However, even when
it is recognized and repaired, the outcome is
suboptimal, as one third continue to suffer
im-paired continence.' This may be related to
concurrent neuropathic damage or inadequate
repair. However, there are other factors, such as
the effect of ageing, collagen weakness, progres
sion of pelvic neuropathy, estrogen deficiency,
concurrent irritable bowel syndrome (IBS),
primary degeneration of the internal anal sphinc
ter, severe constipation, and uterovaginal/rectal
prolapse that may contribute to a deterioration in
anorectal function.
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TABLE 1.7.1. Causes ofConstipation

Causes ofconstipation

A.H. Sultan and A.M. Abulaffi

Colonic constipation

Anorectal constipation

OrganiclAnatomic

Functional
Colonic (slow transit)

OrganiclAnatomic

Functional causes

Diverticular disease
Colonic tumors
Benign colonic strictures
IBS
Idiopathic
Drugs
Endocrine causes
Psychiatric
Environmental
Rectal Cancer
Fissure inano
Extrinsic compression ofrectum
Rectal intussusception and prolapse
Rectocele
Enterocele
Diminished sensation
Anismus

Constipation
There may be several, possibly simultaneous,
factors leading to constipation, including
inadequate fiber and fluid intake, a sedentary
lifestyle, psychosocial issues, history of sexual
abuse, and environmental changes. Constipation
may be aggravated by travel, pregnancy, or a
change in diet. In some people, it may result from
repeatedly ignoring the urge to have a bowel
action.

Constipation results from disorders of the
large bowel and anorectum and, for the purposes
of this chapter, can be classified into colonic and
anorectal constipation. Each can then be subdi 
vided into organic and functional causes" (Table
1.7.1).

Colonic Constipation

Organic Causes

In these situations, there is a physical or a struc
tural abnormality in the colon that hinders or
interferes with the passage of stools, causing con
stipation. Tumors of the colon and rectum, diver
ticular disease, and benign strictures are but a
few good examples.

Functional Causes

In these situations, the colon is structurally
normal looking during a contrast examination
or a colonoscopy. However, the problem lies
with disordered motor activity of the colon
caused by factors and conditions affecting both
the extrinsic and intrinsic nervous systems.
Perhaps one of the most common conditions
belonging to this group is IBS. In these patients,
there is colonic hypermotility producing nonpro
pulsive haustral waves that hinder transport of
feces rather than promote it. In contrast, colonic
hypomotility or colonic inertia can also be a
cause of severe constipation, such as in idiopathic
slow-transit constipation. Other factors affecting
motor activity include endocrine, metabolic,
environmental, psychiatric, neuromuscular, and
drugs.

Anorectal Constipation
(Outlet Obstruction)

Organic Causes

As with colonic causes, there is an associated
anatomical abnormality. This includes condi-
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tions in the pelvis outside the anorectum, such as
large fibroids, uterine tumors, endometriosis,
and pregnancy pressing on the rectum and
causing luminal narrowing. Within the ano
rectum, evacuatory difficulties occur with
tumors of the lower rectum, large hemorrhoids,
rectal prolapse, rectocele, enterocele, and anal
fissures.

In rectal prolapse, part of the rectum protrudes
through the anus. The prolapse may be made of
rectal mucosa only (mucosal prolapse) or the full
thickness of the rectal wall including the muscu
laris (full-thickness prolapse). In few instances,
the prolapse is internal or occult and is only
seen on sigmoidoscopy or during defecation
proctography.

Intussusception is a type of a full-thickness
internal rectal prolapse that involves one seg
ment of the rectal circumference and is only
seen during sigmoidoscopy or defecation pro
ctography.

A rectocele is a herniation of the rectum creat
ing a bulge in the posterior vaginal wall. Recto
celes are described in detail in Chapter 4.8. Many
such posterior wall defects are asymptomatic
and are often identified during concurrent exam
ination of prolapse in other compartments.
Symptoms include a vaginal bulge (lump), con
stipation, a feeling of incomplete emptying, and
the need to perform rectal or vaginal digit ations
or digital splinting in order to facilitate bowel
emptying."

Other posterior compartment prolapse, such
as an enterocele (herniation of the small intestine
into the vagina), may occur concurrently; there
fore, careful evaluation is essential before
embarking on surgery. Rectoceles may be a sec
ondary manifestation of outlet obstruction
caused by intussusception; therefore, a defecat
ing proctogram should be performed under these
circumstances. In a study of 69 patients with an
enterocele, Mellgren et al '? found that 55% had
concurrent rectal intussusception, and 38% had
rectal prolapse.

Functional Causes

In this type of constipation, the colonic transit is
normal, but the abnormality is within the ano 
rectal mechanism responsible for expelling the

stools. The individual feels the urge to open
the bowels, but is unable to do so even though
the stools are soft . It should be noted, however,
that there is a small group of patients with
anorectal constipation who rarely feel the urge to
defecate because of diminished sensation in the
anorectal zone.

Relationship Between Redal Prolapse and
Advanced Uterovaginal Prolapse

There is no evidence to support a clear associa
tion between rectal prolapse with complete
uterine prolapse. Reports in the literature are
limited to case reports and small series.":" The
largest series is by Goligher," where only 8 out of
83 patients with rectal prolapse had a significant
uterine prolapse requiring surgery. Unlike fecal
incontinence, the prevalence of rectal prolapse
does not appear to be lower in nulliparous women.
In one series of 183 women treated for rectal
prolapse, 40% were nulliparous. It would there
fore appear that although uterovaginal prolapse
and rectal prolapse may present simultaneously,
there are different mechanisms in their
pathogenesis.

Anismus is a condition where the aforemen
tioned normal defecator process is lacking. In
this condition, the anal sphincter muscles (exter
nal and puborectalis) fail to relax and, in some
instances, there is paradoxical contraction during
straining. The condition can develop at any age
and frequently there is an associated psychologi
cal element (see Chapter 1.8).

Functional Causes

Abnormal motility occurs in anismus and
Hirschsprung's disease. Abnormal sensitivity
occurs in cerebrovascular accidents, lesions of
the ascending nerves, as in diabetes, and after
damage to pudendal nerves.

Relationship Between Constipation and
Fecal Incontinence

There are several scenarios where dysfunction
can lead to either constipation or incontinence
(Fig. 1.7.3). Indeed, constipation itself can lead
to incontinence (Fig. 1.7.4). Patients with fecal
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brain
- frequent prolonged retention:

constipation
- chronic excessive straining:

constipationlincontinence
- CVA: incontinence
- dementia: incontinence

spinalcord:
- acutetransverse cord lesion

orlocal lesion:constipation
(overflow)incontinence

colon:
- impaction:constipation!

overflow incontinence
- diarrhoea: incontinence

rectum:
- Hirschsprung'sdisease:

constipation

pudendalnerve:
- damage: incontinence

puborectal muscle:
- anismus: constipation

levatoranimuscle:
- excessive perineal descent:

constipationlincontinence
- anismus:constipation

rectoanaljunctionand lAS:
- adultHirschsprung's disease:

constipation
- disturbed rectoanal inhibition

reflex:constipation
EAS:
- anismus:constipation
- damage: incontinence

haemorrhoidectomy:
- leakage

FIGURE 1.7.3. Pathogenesis ofconstipation and/or incontinence. (Smout and Akkermans, 1994.)

impaction can develop paradoxical diarrhea
caused by overflow, and this can be profuse and
severe enough to leak through the anus even
though the sphincter function is normal. In
another much debated condition, it is suggested
that patients with chronic constipation and
habitual straining develop damage to the puden
dal nerves as a result of traction neuropathy
(stretch injury), and that this in turn causes
weakness of the anal sphincter and pelvic floor
muscles leading to incontinence (Fig. 1.7.5).

Descending perineal syndrome is a term intro
duced by Sir Alan Parks" to describe a group of
patients with various anal symptoms who showed
marked descent of the perineum when asked to
strain. One of the findings in this condition is an
anterior rectal mucosal prolapse into the upper
anal canal that is interpreted as bowel contents,
result ing in excessive straining. It is suggested
that the pelvic descent in these groups of patients
may lead to traction neuropathy and, ultimately,
incontinence (Fig. 1.7.4).
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Primary sensory
motor disorder

Possible diagnosis 11 Disordered colonic
anismus .1 !f motor activity

Hirschsprung's diseaseII
Constipation ..

1 .1-- 1'-\ --

Impaction
Damage to Frequent and
autonomic hard straining

nerves

- '1'\

Trauma

~
Damage to

difficult labour sacral nerves,
anal sphincters

n
Paradoxical Damage to

diarrhoea pudendal nerve ,
anal sphincters

- -
Secondary
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Pr imary sensory

t1
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Myogen ic Disordered Prolapse, ulcer,
neurogenic,

~
closing of

~
perineal descent

idiopathic anal sph incter syndrome

n
Overflow Fecal

incontinence incontinence

FIGURE 1.7.4. Interrelationship and pathophysiology of constipation and anal incontinence. (Smout and Akkermans, 1994.)

~ Prolonged straining .-

~
Abnormal perinealdescent

~
Traction injury to pudendal nerve

!
Pudendal neuropathy

!
Atrophyof striated anorectal muscles

!
IAnorectal incontinence I

FIGURE 1.7.5. The mechanism of neurogenicanal incontinence. (Sultan and Nugent, 2004.)
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Conclusion

The mechanisms that maintain continence are
complex and the cause is often multifactorial.
Constipation, obstructed defecation, prolapse,
and anal incontinence are disorders that may be
interrelated; therefore, a careful history and eval
uation is essential. When dysfunction involves
multiple compartments, a multidisciplinary ap
proach should be adopted .IS
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1.8
Overactive Pelvic Floor Muscles and
Related Pain
Wendy F. Bower

Key Message

In this chapter, the condition of overactive pelvic
floor (OAPF) is defined, and its resultant symptom
of pain and its effect on bladder and bowel func
tion are explained. The clinical findings are
reviewed. The causat ion is multifactorial.

Introduction

Overactive pelvic floor is a term synonymous
with a dysfunctional/spastic/short pelvic floor,
puborectalis syndrome, paradoxical sphincter
reaction, and nonrelaxing/hypertonic pelvic
floor. By definition, the patient with OAPF has
impaired use of the pelvic skeletal muscles in the
absence of neurological disease . The entire pelvic
floor, rather than one muscle group , is in a state
of sustained contraction.' Overactive pelvic floor
may also be described as the absence or partial
presence of relaxation after a pelvic floor con
traction.' It is unlikely that OAPF is a primary
disorder occurring in isolation, but rather part of
a cascade of symptoms precipitated by dysfunc
tion within the pelvis and reactive changes in
muscle fibers.

Symptoms

The symptoms of OAPF that may be encountered
in clinical practice fall into three categories, but
can occur in concert: pain , effect on the bladder,
and consequences for bowel function.

Pain

Local

Patients with OAPF experience aching or cramp
ing pain in the coccygeal region and a heavy
feeling in the rectal or vaginal area (Fig. 1.8.1).3,4,5
Pain is often triggered or exacerbated by sitting,
intercourse, or defecation, which are activities
that stretch the pelvic floor musculature."

Other patients will complain of a nonspecific
tenderness. Urethral pain or hyperalgesia may be
reported, and they are likely caused by local
mucosal ischemia , secondary to forceful closure
of the urethral sphincter. '

Referred

Pain may be felt in structures that are distant
from the pelvic floor muscles but innervated by
the same spinal nerve. Referred OAPF pain is
commonly reported in the perineum and labia,
and, less frequently, in the rectum, suprapubic
region, abdomen, lower limbs, or lower back."
The site of referral may become hyperalgesic and
display trophic changes such as edema, altered
blood flow, subcutaneous thickening, or muscle
atrophy.

Bladder

The effect of an OAPF on the urinary tract is
dynamic. Symptoms include hesitancy or diffi
culty initiating a void, slow or intermittent urine
flow, pain with micturition, significant residual
urine after voiding, urgency, frequency, and
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TABLE 1.8.1. Urinarytract morbidity associated with OAPF

• OABdry
• OABwet
• Straining tovoid
• Recurrent urinary tract infections
• Hydroureteronephrosis
• Vesicouretericreflux
• Grossly trabeculated large capacity bladder
• Detrusordecompensation

urethral sphincter hyperalgesia (Table 1.8.1).9.S.1O
Asignificant number of patients also have a diag
nosis of interstitial cystitis. '

Bowel

Patients with OAPF perceive appropriate perineal
fullness and fecal urge, but have trouble passing
stools. Because the puborectalis may fail to relax
during attempted evacuation, defecation may be
painful and mechanically difficult, often requir
ing external assistance, and rectal emptying may
be incomplete. II Constipation and obstructed
defecation are common in patients with OAPF
and can precipitate further anorectal pathology,
such as anal fissures and hemorrhoids. In some
patients, irritable bowel syndrome and slow
transit constipation may be noted ."

Causes

It is likely that the OAPF is both a consequence
of pelvic dysfunction and a cause of pain and
discomfort. Effects may be mechanical, inflam
matory, or histochemical. Repetitive, acute, or
sustained muscle overload, such as occurs when
the pelvic floor is maintained in a shortened
(contracted) position, can injure the motor end
plate. Tonic contraction results in decreased local
blood flow, heat, and accumulation of potassium
ions, lactic acid, histamine, and bradykinin.'
High local concentrations of these metabolites
are known to generate pain . Over time, the muscle
becomes habitually shortened and may develop
foci of tethering, or trigger points. These struc
tural changes within the muscle fiber anchor
regions prevent pelvic floor lengthening and gen
erate local and referred pain. In up to 88% of
female patients with pelvic pain, such trigger

W.F.Bower

)

FIGURE 1.8.1. Areas oftissue abnormality in patients with OAPF.
(Reprinted from Fitzgerald and Kotarinos, 2003.)

points can be identified within the pelvic floor
muscle group, as well as in the abdominal wall
and hip girdle.'

OAPF may be secondary to local inflamma
tion, disease, introital or vaginal infection,
or abscess. v":" Trauma to the perineum or
pelvic floor from falls, sexual abuse, vaginal
delivery, episiotomy, or surgical scarring can also
precipitate the OAPF.3.4·14 Pudendal nerve entrap
ment and musculoskeletal limitations may be
implicated.v"

Heightened activity in the pelvic floor muscle
group and urethral and anal sphincters suggests
an underlying dysfunction of neural control.
Various theories exist. Mechanosensitive units
may develop either a lower threshold of firing or
stronger discharge suprathreshold. Cross com
munication, convergence within the dorsal horn
of the spinal cord, or the presence of dichotomiz
ing neurons could explain referred pain. Alterna
tively the release of excitotoxic neurotransmitters
in the pelvic floor could facilitate a change in
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central drive that allows a drift toward memo
rized high-pressure activity in pelvic skeletal
muscle." Increased excitability of central neurons
may be maintained independent of initiating
peripheral input, e.g., by cross-system visceroso
matic interaction, and precipitate change in vis
ceral behavior.

It has been shown that emotions affect sphinc
ter tension, and that patients with disordered
timing of the puborectalis have significantly
higher anxiety, depression, and panic scores than
controls." There is clearly a psychological com
ponent to OAPF, but whether or not it is causative
is contentious.

Findings ofPelvic Floor Pain
Associated with Pelvic Floor
Muscle Dysfunction

Chronic pelvic floor dysfunction is often associ
ated with lower urinary tract dysfunction, and it
is possible that both are maintained by an up
regulation of the sacral reflex arc." Motor plan
ning and performance is altered by the expecta
tion of pain . The tight and often painful pelvic
floor muscle displays obvious change in recruit
ment patterning, timing, proprioception, and
resting muscle length. Functional use of the
pelvic floor is also modified by memory of pain .
For example, the alteration of micturition after
urinary tract infection or dyssynergic defecation
after constipation illustrates the ability of the
higher centers to override earlier learning.

Palpation of the normal pelvic floor should not
produce pain; however, OAPF patients frequently
report moderate to severe tenderness on exami
nation of the pelvic floor muscle group, particu
larly when trigger points are present . Pressure
from the examiner's finger is interpreted as
painful, and pain is often noted to spread to the
hips and lower abdomen.v' Palpation of muscle
spasm often results in pain. 9

•' 8

Other muscles of the pelvic girdle may com
pensate for limitations of the pelvic floor in neu
tralizing intraabdominal pressure rises, stiffening
the sacroiliac joint, allowing backward rotation
of the sacrum, and stabilizing the spine. '9,20

However, these compensatory muscles are not
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intended to provide primary support or move
ment and are themselves vulnerable to imbalance
and pain . It is common to find obturator inter
nus, psoas, gluteal, abdominal, and piriformis
muscle abnormality and pain. 3,4,6,20

Findings ofPelvic Floor Overactivity

Patients with OAPF have short and weak pelvic
floor muscles. When visualizing the perineum,
the genital hiatus may appear small and the
perineal body may be displaced anteriorly.
On a request to contract the pelvic floor mus
cles, the OAPF patient is likely to demonstrate
poor proprioception, minimal or absent move
ment, descent in place of elevation, and early
fatigue. 3,4,8,14,21 Accessory muscle activity is fre-
quently seen in the thigh adductor muscles, hips,
buttocks, and thorax, as patients attempt to locate
the pelvic floor muscles.

One of the most common findings of OAPF
is a high level of pelvic floor muscle activity at
rest, and marked difficulty returning the muscle
to a relaxed state.':" Patients may be unable
to sense pelvic floor relaxation or take several
efforts before tension is released. Successful
treatment not only ameliorates pain but also
results in posttreatment reduction of vaginal
resting pressure."

A less commonly reported finding in OAPF
patients is the thickening of subcutaneous con
nective tissues around perineal or suprapubic
trigger points or their regions of pain referral.
These trophic changes are identifiable on palpa
tion as altered tissue bulk, contour, elasticity, and
temperature, along with variation in color.'

Association with Micturition

Initially slow or nonrelaxation of pelvic floor
skeletal muscle is most problematic during
voiding, creating a hesitancy and resistance to
the outflow of urine. The flow of urine may be
intermittently slowed, stop and start, or the
detrusor may cease contracting prematurely
(Table 1.8.2). Associated residual urine after
voiding is common, and patients report a need to
double void.
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TABLE 1.8.2. Patterns ofvoiding seen in patients with OAPF

Void type Urethral relaxation Valsalva evident Pelvic flooractivity Detrusor contraction Flow curve shape

1= Normal Yes No No Yes Bell
2=Abnormal Yes No Yes Partial Staccato/steep

rise
3= Abnormal Yes Yes Yes No Intermittent

Functional obstruction to complete emptying
of the bladder generates escalating detrusor pres
sures. The feed-forward loop triggers further
pelvic floor activity to "brake" additional detru
sor pressure rise. Eventually, the micturition
reflex becomes destabilized during bladder
filling, evidenced on urodynamic investigation
as an overactive bladder and on a frequency
volume chart as frequent low-volume voids."

Pelvic floor contraction is a common method
used to inhibit urgency; however, in the OAPF
patient with a shortened muscle very little pres
sure may be generated. Prescription of pelvic
floor exercises to increase urethral closure pres
sure and maximize detrusor inhibition is inap
propriate, as it exacerbates both pain and muscle
imbalance and is minimally effective.

Association with defecation

Smaller, more acute straining angles are seen in
OAPF patients than in normal defecation
attempts; this is a direct consequence of the slow
or nonrelaxing pelvic floor,":" Anal manometry
is essentially normal for both resting and squeeze
pressure.' On straining, there is obvious perineal
descent and marked EMG activity in place of
relaxation in puborectalis and the external anal
sphincter," There is delayed initiation of evacua
tion, prolonged duration of passage of stool, and
incomplete emptying of rectum in OAPFpatients,
compared with control subjects.'

In some cases flawed inhibitory gating within
the central nervous system may have been
laid down during the toilet training process."
Children who experience large, hard stools learn
to respond to fecal urge with a rise in pelvic floor
activity. Withholding of stool, although initially
a response to the fear of pain, becomes a learned
response to rectal distension. Over a period of

time, the call to stool is perceived at higher
volumes. Thus, it is probable that in some indi
viduals with OAPF the ability to relax puborecta
lis and funnel stool through an appropriate
aperture was never acquired.

Pontine projections between the reticular for
mation and nucleus retroambiguus allow the
abdominal and pelvic floor muscles to influence
each other, making it possible for abdominal
pain to lead to dysfunction of the pelvic floor and
vice versa."

Association with Sexual Function or
Sexual Abuse

Sexual pain and orgasm are the components of
female sexual dysfunction most likely to be influ
enced by OAPF.26 Pain associated with sexual
activity may be either dyspareunia or vaginismus
(see Chapter 4.4), whereas orgasmic dysfunction
includes infrequent or nonorgasmic response."

There is a higher prevalence of prior sexual
abuse among patients with functional disorders
in comparison to patients with organic disease."
Genitourinary and gastrointestinal symptoms
are the most common somatic complaints."
Although there is no specific data in respect to
patients with OAPF, both women with pelvic pain
and patients with dysfunctional voiding have
high prevalence rates ofchildhood or other sexual
abuse.":" Clinicians should be aware of this
association when treating women with OAPF (see
Chapter 4.4, text box #3).
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Part II
Evaluation of the Pelvic Floor



2.1
Clinical Evaluation of the Pelvic Floor Muscles
Diane K. Newman and Io Laycock

Key Message

Clinical examination is the basis of diagnosis of
urogynecological disorders. It is important that
this examination is performed by a well-trained
person with the appropriate skills . The patient
should actively participate in the examination
and be able to carry out pelvic floor muscle (PFM)
contractions in a coordinated waywhen required.
This will form the basis of subsequent pelvic floor
exercises and is how the woman will learn the
different types of muscle contraction which are
integral to this. Digital self examination is an
important part of pelvic floor re-education, and
a woman should be able to do this herself. There
are various grading methods, and, in particular,
the P.E.R.F.E.C.T. scheme is an important assess
ment technique, and necessary when planning a
treatment program. The Knack is a useful maneu
ver that can be taught to guard against stress
incontinence. Mechanical devices, such as a peri
neometer with the addition of electromyographic
(EMG) recording and vaginal cones, can help in
the retraining process. It is important to set a
program of exercises and re-evaluate them after
a reasonable time period, aided by a urinary
diary.

Introduction

Women who present with pelvic floor disorders
should undergo a pelvic evaluation to determine
abnormalities, the patient's ability to contract

and relax the PFMs and to determine the pres
ence of a muscle hypertonus.

This evaluation or examination is performed
by a variety of health care clinicians: doctors,
nurses , and physical therapists that specialize in
the area of pelvic floor dysfunction. Physicians
who treat pelvic floor disorders include urolo
gists, gynecologists, fellowship-trained urogyne
cologists and female urologists, geriatricians,
family practitioners, and other interested clini
cians . Nurses' background and skills are unique
because they encompass the full spectrum of
evaluation and treatment, especially in the area
of comprehensive pelvic examination. Physio
therapists or physical therapists (PTs) have long
played a part in incontinence and pelvic floor
care, and involvement in this area is often through
association with women's hospitals or obstetric
departments, rather than as part of a general
physiotherapy practice . As such, they tend to be
highly motivated and enthusiastic.

Beginning the Evaluation ofthe
Pelvic Floor

Before examining the pelvic floor, the clinician
should explain the procedure to prevent embar
rassment and the woman should empty her
bladder. Several positions are used, with the
lithotomy position considered ideal. This posi
tion requires that the patient be supine, with hips
and knees bent and abducted; most clinicians'
choose this position because PFM assessment
may be part of a bimanual speculum pelvic
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examination. Ideally, the legs should be sup
ported, with one leg against the examiner and the
other leg supported on a pillow, or in stirrups. If
appropriate and acceptable, the examiner should
consider the use of a mirror to demonstrate the
findings to the patient.

The vulva and vagina may be examined for
irritation from urine or perineal pads, urethral
caruncle, atrophic vaginitis, and pelvic organ
prolapse (POP). Excuses for not performing the
examination include discomfort associated with
atrophic vaginitis, patient and clinician embar
rassment with the examination, and procedural
difficulty because of the need for assistance with
confused or elderly patients. A speculum exam is
optimal, but in older frail women, a digital exam
may be more feasible, especially in those women
residing in a nursing home.

Introital laxity is usually obstetrical in origin,
and is accompanied by disturbed architecture of
the musculature responsible for an enlarged
vagina . This defect is common after childbirth.
The vagina may be torn away from its intrapelvic
attachments, with subsequent loss of the superior
vaginal sulcus. There may also be direct attenu
ation of the vaginal wall itself, which is mani
fested by loss of vaginal rugae and a thin
appearance. Stretching and tearing of the levator
ani (LA)muscles results in a longer, wider levator
hiatus.

Pelvic Floor Muscle Assessment

The PFM is a group of muscles that extend from
the front (anterior) to the back (posterior) of the
pelvis, forming a sling that supports the pelvic
organs (Fig. 2.1.1). Normal function of the PFM is
essential in maintaining appropriate function of
the pelvic viscera. The PFM (or circumvaginal
muscle [CVM]) made up of the levator ani group
and include the pubococcygeus, puborectalis,
and ileococcygeus (Table 2.1.1). The PFMnot only
provides support for all the organs of the pelvis,
but because it is a postural muscle, it differs from
other skeletal muscles in that it has a higher
resting tone. Evaluation of the PFM is made
through manual intravaginal (or transrectal)
examination and may include the use of measur
ing devices for complementary assessment.

D.K. Newman and J. Laycock

Palpation

Manual evaluation of the PFM provides informa
tion about the woman's ability to relax and the
duration and symmetry of contractions. This is
an important part of the pelvic examination in
patients with pelvic floor disorders, because in
addition to evaluating the woman's ability to
produce a voluntary contraction, it also provides
information about the ability of the woman to
maintain that contraction during stressful situa
tions.' Palpat ion of the PFM can be performed
per vagina or per rectum.

Transvaginal (per vagina) palpation, with the
woman initially positioned supine (as previously
described) is the preferred route for assessing
women. This technique allows the examiner to
evaluate muscle bulk, resting tone, contractile
strength, and reflex response to cough or val
salva. In addition, reduced sensation, tenderness,
and/or pain should be identified.

Transvaginal assessment can be performed
using either one or two digits (Fig. 2.1.2). The
PFMof a parous woman is usually assessed using
two fingers (Fig. 2.1.3), but this technique may be
unsuitable for nulliparous women because of
their narrower vaginas, or for elderly women
with atrophic vaginitis and vaginal stenosis. The
index finger is placed over the middle finger and
inserted into the vagina. Normally, the pubococ 
cygeus muscle (PCM) is felt as a distinct 1- to
2-cm band that can be palpated on the lateral
vaginal wall when the examiner's finger is intro
duced to a depth of 3 to 5cm beyond the vaginal
introitus and rotated 360 degrees while palpating
the perivaginal muscles (Fig. 2.1.4). A weak or
attenuated PCM may be indistinguishable from
the surrounding tissues. The woman is asked to
contract her PFMs as hard as possible, and then
to squeeze the examining fingers together and
draw them into the vagina .' This test can then be
repeated with the index and middle fingers spread
laterally, thus, palpating the right and left LA
simultaneously; it is not uncommon to find asym
metry in a parous woman.

The strong LAmuscles of a young woman will
be felt as a thick, firm band of muscle, compared
with the weak LA muscles of an elderly woman,
which may feel thin and may have reduced tone
that renders them indistinguishable from the
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TABLE 2.1.1. The pelvic floor musculature (PFM)26.28.29

D.K. Newman and J.Laycock

The PFM can beviewed in three layers:
First Layer (Endopelvic Fascial The first layer iscalled theendopelvic fascia. Itisa liningmade ofa mesh ofsmooth fibers, ligaments, nerves, blood

vessels,and connective tissue. Itsupportsand cors thebladder, theinner organs such astheintestine, and theuterus and upper vagina in
women.Some oftheligaments oftheendopelvic fascia connect tothelumbar spine and thesymphysis pubis. Even though this layer cannot be
exercised, training thepelvic floor muscles ofthesecond layer (pelvic diaphragm) can improve back painby increasingsupport ofthebladder
and uterus from below and decreasing thestrain ontheligaments upon which thesupport otherwise depends. Strong pelvic floor muscles can
help support thebladder, uterus, and rectum ifawoman has sustained tears oftheendopelvic fascia through difficult childbirth orother injury.

Second Layer (PelvicDiaphragm) The pelvicdiaphragm consists oftheLA, themost important muscle forming thepelvic floor. Itisthemain
muscular support for thepelvic organs and is ofcrucial importance for pelvic floor muscle rehabilitation ortraining. The LAisa paired muscle
thatstretches hammock-like between thepubic bones inthefront and coccyx behind. Itisattached along thelateral pelvic wall toa thickened
band in theobturator fascia, thearcus tendineus.

The LA muscle has three principal parts:
1. The puboreetalis muscle arises from theinner surface ofthepubic bones, proceeds backward along theedge ofthegenital hiatus in contact

withtheside ofthevagina and loops around therectum, pulling itforward during contraction and assisting withproviding continence.
2. The PCM lies in themiddleofthevagina and feels like a ridge above thehymeneal ring and can befelt during a pelvic examination.The

muscle originates intheinnersurface ofthepubic bones, passes backwardalong thepuborectalis muscle and inserts into theanococcygeal
and thesuperior surface ofthecoccyx. Its fibers create a slinglike band (often referred toasa hammock).Thismuscle provides essential
support totheproximal bladder neck and urethra. The pubovaginalis muscle (in women only) loops around thevagina. These fibers run in the
direction offront toback.

3. The iIiococcygeus muscle arises from thearcus tendineus LA, running posteromedially toinsert onthecoccyx (tail bone) and theanococcygeal
raphe, which isclinically called thelevator plate.Some ofthese muscle fibers run from one side totheother; some ina more diagonal
direction. This muscle does not participate inliftingtheanus.The coccygeus muscle lies adjacent totheiIiococcygeus muscle and arisesfrom
theischialspine and thesacrospinous ligament. Itpasses backward against theposterior border oftheiIiococcygeus muscle and inserts into
thecoccygeus and lower segment ofthesacrum. Itcan influence stability ofthesacroiliac joint.

Third Layer (Urogenital Diaphragm) The outer layer ofthepelvic floor consists ofseveral muscles.The urethra, vagina and rectum pass within this
area.Sometimes thethird layer isdescribed astwo different layers because thedeep transverse perineal muscle liesdeeper than theother
muscles oftheurogenital diaphragm. The deep transverse perineal muscle (sometimes referred toastheperineal membrane) isvery important
for continence and supports thefunction oftheLA. The other musclesofthis layer are important for sexual function.The muscles ofthethird
layer donot support theorgans ofthepelvis.
4. The deep transverse perineal muscle provides additionalfibers, such asthesphincter, loopsaround theurethra in men and women, and assists

with continence. Itis under voluntary control.
5. The superficial transverse perineal muscle reinforces theaction ofthedeep transverse perineus.
6. The bulbocavernosus muscle connects contracts during orgasm, erecting theclitoris.
7. The ischiocovernosusmuscle has little function inwomen.The muscle fibers run inadiagonal direction.
8. The anal sphincter muscle loops around theanus like a ring and provides continence. Itcomprises theinternaland external analsphincters and

thepuborectalis muscle.

FIGURE 2.1.2. Lateral view of digital palpation of the pelvic floor
muscles using one finger. (Source: modified from Laycock J, 1994.)



2.1. Clinical Evaluation ofthe Pelvic Floor Muscles

FIGURE 2.1.3. PFM measurement using 2
digits. (Source:reproduced from Laycock J,
1994.)

surrounding tissues. Many patients with pelvic
floor disorders exhibit low tone muscle dysfunc
tion (Table 2.1.2).

Posterior pressure palpates the rectum, and
rectal contents can be detected. An active volun
tary PFM contraction is felt as a tightening,
lifting, and squeezing action around the exami
nation finger. If possible, this muscle test should

)
FIGURE 2.1.4. Transvaginal palpation of theperivaginal muscles
from above, noting rotation of assessment. (Source: reproduced
from Laycock J, 1994.)
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Pubic symphysis
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- Rectum

also be assessed while standing, since women
will perform their PFM exercises in standing,
during activities of daily living.

Transrectal (per rectum) palpation of the
puborectalis and external anal sphincter at rest
and during a muscle contraction is best carried
out with the patient in the left-lateral position.
The puborectalis swings around the anorectal
junction, and at rest, it pulls the junction forward
to create an acute angle between the anal canal
and the rectal ampulla. The well-lubricated index
finger is introduced 3 to 4ern through the anus to
the rectum, and the puborectalis muscle is pal
pated with the distal pad of the index finger; the
effect of a PFM contraction is felt as tension on
the examining finger as the sling-like puborecta
lis pulls the anorectal junction anteriorly. A con
traction of the external anal sphincter is detected
on withdrawing the finger to a position 2em
inside the anal canal. Both the puborectalis and
external anal sphincter should relax during def
ecation, and this is evaluated by instructing the
patient to bear down, as if emptying the bowels.

Either assessment should note any discomfort
or pain that can occur in patients with chronic
pelvic pain, interstitial cystitis/painful bladder
syndrome, orvulvodynia, as many ofthese patients
have high tone muscle dysfunction as described in
Table 2.1.2.3 Pain should be graded using a scale
similar to the one shown in Table 2.1.3.

Elevation of the urethrovesical junction during
a PFM contraction should be evaluated (Fig.
2.1.5). In addition, palpation of the periurethral
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TABLE 2.1.2. Identification ofpelvic floor dysfunction"

D.K. Newman and J. Laycock

• low-tone pelvic floor dysfunction (LTPFDj refers totheexamination findings ofanimpaired ability toisolate and contract thePFM in the
presence ofweak and atrophic musculature and isseen inwomen withtoPOP, UI, vaginal laxity, orfecal incontinence.lTPFD may beencountered
inpatients withpartial pelvic floor denervation asa result ofparturition, ageing, orsome comblnatlon's"

• High-tone pelvic floor dysfunction (HTPFD) refers totheclinical condition ofhypertonic, spastic PFM with resultant impairment ofmuscle
isolation, contraction, and relaxation". Urological and gynecological disorders include interstitial cystitis, voiding dysfunction, overactive bladder
symptoms ofurinary frequency and urgency, and pelvic pain, sexual dysfunction with dyspareunia. All ofthesyndromes contributing toHTPFD
arecharacterized by tender, spastic PFM manifesting aspain localized tothesuprapubic area, coccyx and lower sacrum, rectal pain, orgeneralized
pelvic discomfort. Amusculosketal etiology for HTPFD has been suggested asPFM spasm with poor posture and prolonged sitting which can lead
tooverflexion ofthecoccyx. Some have described a"typical pelvic painposture: which ischaracterized by exaggerated lumbar lordosis, anterior
pelvic tilt, and thoracic kyphosis, causing sacroiliac pathology.The lumbar and pelvic changes cause thePFM tobestretched orcompressed thus
preventing themaintenance ofnormal resting tone, Thiscan lead totrigger point formation and hypertonicity (lukban, 2002).The presence of
sacroiliac dysfunction with orwithout thecontribution ofpoor posture may reasonably serve asa trigger for thedevelopment ofHTPFIY Specific
presentationsofHTPFD include:
i. Coccydynia which ischaracterized by pain localized tothecoccyx, but can include lAand coccygeus muscle spasm. Symptomsinclude pain

localized tothelower sacrum and coccyx.
ii. Tension myalgia ofthepelvic floor can cause low back pain and heaviness in theperineum orpelvis aggravated. Prolonged sittingwill

aggravate this condition.
iii. Coccygeus-levator spasm syndrome has been seen in patients with pelvic floor spasm and "rectal" pain with complaints oftenderness at

muscular sites adjacent totheischial spines and coccyx, which can include involvement ofmusculofascial, ligamentous, and tendinous
structures.

iv. levator ani spasm isused todescribe patients exhibiting PFM spasm and tenderness." Apredominant symptom isdiscomfort. In patients
with interstitial cystitis, levator ani syndrome isreported aspaininthearea ofthebladder and also intheregions ofthesacrum, coccyx, and
anus. Itis felt thatthese muscle spasms aretheresult ofbladder pathology, withincreased PFM tone appearing inresponse toafferent
autonomic impulses emanating from thebladder wall.

muscles centrally (12o'clock) and each side of the
urethra (11 o'clock and 1 o'clock), will determine
their contractility and symmetry.

Assessment ofa PFM Contraction

It is important to realize that when asked to con
tract the PFMs, a woman may use the wrong
muscles, strain down, or perform a Valsalva
maneuver, or fail to activate all layers of the pelvic
musculature. It is known that most women are
largely unaware that the PFM exist, and simple
instruction in technique may not be adequate
preparation. To be effective, PFM exercises must
be performed correctly, which requires careful

TABLE 2.1.3. Pelvic floor muscle tenderness (hypertonus) scale

o- nopressure orpain associated with exam
1- comfortable pressureassociated with exam
2- uncomfortable pressure associated withexam
3- moderate painassociated with exam, intensifieswith contraction
4- severe pain associated with exam; patient is unable toperform

contraction maneuver because ofpain

Source: Whitmore Ketal.,1998.

and specific training. Without adequate instruc
tion, 30% to 50% of women perform them incor
rectly, potentially worsening the very condition
they are intending to prevent or treat/

Instruct the woman on how to contract the
PFM by asking her to "pull in" or "lift up" the
floor of her vagina or to imagine that she is trying
to control passing wind or pinching off a stool.
Confirm by digital palpation that she's perform
ing the contraction correctly and can maintain it
while breathing in and out. The same protocol is
performed for both the right and left PFM.A very
important part of the physical examination in
women is to determine the strength of the PFM.
The woman is asked to contract the PFM around
the examiner's fingers with as much force and for
as long as she is able. Women are taught the fol
lowingthree different types of muscle contrac
tions: (l) Strong maximal contractions, (2) short,
one-second maximum contractions (sometimes
referred to as "quick flicks"), and (3) submaxi
mal contractions, which may be sustained for
5 to 10 seconds . It is recommended that both
maximal and submaximal PFM contractions
should be practiced as part of a home exercise
program.16.25.26
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FIGURE 2.1.5. (A) Palpation oftheurethra.(8)Assessing elevation oftheurethra during a pelvic floor contraction. (Source:Reproduced
from Laycock J,1994.)

Observations During a PFM Contraction

Educating women regarding the anatomy and
workings of the lower urinary and lower gastro
intestinal tracts, including the PFM and sphinc
ters, is important. This is followed by a brief
lesson in contracting the PFMbefore muscle con
tractility is assessed. During a strong con
tra ction, the main observation is a puckering
and cephalad drawing-in of the vaginal intro
itus, anus, and perineum; a weak contraction
may only demonstrate a slight puckering, and
some women are unable to produce any move
ment of the perineum. Observat ion of a down
ward movement suggests that the woman is
straining and not producing a correct PFM
contraction.

The impact of a cough on a healthy, strong
PFMproduces little or no movement, either at the
vaginal introitus or the perineum as a whole. In
some cases, an anticipatory precough PFM con
traction is noted. On the other hand, a woman
with a very weak pelvic floor may demonstrate
perineal descent, possibly below the level of the
ischial spines,' and the vaginal introitus may
bulge and gape. There may also be caudal move
ment of any prolapse, and urine loss may be
observed. These observations should be relayed
to the woman so that she is aware of the bulging
perineum on coughing and the possible damage

repeated coughing may cause. At this time, the
women should be instructed to contract the PFM
and repeat the cough, to test whether she can
minimize the perineal descent and urine loss.

Observations ofExtraneous
Muscle Activity

Muscles rarely work in isolation, and the PFMs
are no exception. Research has shown that the
abdominal muscles, in particular the transversus
abdominis (TrA) muscles, are always recruited
(contracted in unison) during a PFM maximum
voluntary contraction (MVC).6 These muscles
(PFM and TrA) work in conjunction with the
lumbar multifidi muscles and the respiratory dia
phragm to stabilize the lumbar spine .

In light of the difficulty some patients have
initiating a voluntary PFM contraction,' and the
fact that when TrA is contracted the PFMs are
recruited," it has been suggested that patients can
be taught to contract the TrA so as to recruit the
PFMs.9 However, more research is needed before
traditional PFM exercises are discontinued. "
Furthermore, muscles are not recruited if their
activation causes pain, or there is pain in the
region." Consequently, pain in the pelvis, pelvic
floor, pelvic joints, or abdomen may inhibit PFM
activity.
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Contraction of TrA is characterized by a
drawing-in of the lower abdomen. When learning
this technique, patients are instructed to avoid
using other abdominal muscles. Many women
may have difficulty coordinating the TrAwithout
contracting the entire abdomen. Toavoid holding
the breath while learning this technique, TrA
and PFM contraction is initially taught on
expiration.

Observations inStanding

The postural role of the PFM to counteract the
pull of gravity and the increase in intraabdomi
nal pressure is often overlooked, and weak
muscles may be unable to give adequate support
in the upright position over a period of time.
Consequently, because stress urinary inconti
nence (SUI) and POP are more likely to be pro
voked in the standing position, it is recommended
that the vulva is observed and palpated at rest
during a PFM contraction and in supine and
standing positions on coughing.

Digital Self-Assessment

Digital self-assessment is an important part of a
pelvic floor re-education regimen and should be
taught to any woman who is willing and able to
perform it, as it can be a useful feedback tech
nique for women who are unsure of the correct
muscle action. The woman can be taught trans
vaginal palpation with one or two fingers while
sitting or standing in the bath or shower, with
water as a lubricant (gloves are not needed) . Some
women find it easier if the thumb is used; the
distal pad of the thumb is placed over the poste 
rior vaginal wall, just inside the vagina . Further
more, this technique may help in understanding
pelvic floor activity, as well as in monitoring the
progress of a treatment program.

Measurement ofPFM Strength

Appropriate training includes the initial exami
nation, to determine muscle strength and place
the woman at an appropriate level of exercise,
and a graduated strength-training protocol
supported by periodic assessment of muscle
strength.'

D.K. Newman and J. Laycock

When contracting the PFMs, three criteria of
muscle strength should be noted: strength, dura
tion, and alteration in position. The amount of
pressure or strength of the muscle contraction
can range from imperceptible to a firm squeeze.
Duration involves the number of seconds that the
examiner feels the muscle contraction. In a
woman with a well-supported pelvic muscle, the
muscle contraction can lift the base of the exam
iner's fingers.

Assessment ofMuscle Coordination

Coordination is ascertained by monitoring the
ability to contract and relax quickly and slowly;
special attention is paid to the ability to relax
quickly and completely. Asluggish response indi
cates poor coordination, and this test completes
the digital assessment. The time to maximum
contraction, which can be described as brisk, fair,
or sluggish, not only gives a measure of PFM
coordination, it also provides further informa
tion on the fast-twitch fiber capability. This is
important because it is thought that the reflex
response of the fast fibers to coughing is the
mechanism that maintains continence, by lifting
the proximal urethra and increasing the urethral
occlusive pressure.

Use ofScales or Assessment Tools

Digital evaluation of the PFMhas been described
by several authors, and many have attempted to
quantify this assessment through the use of
grading scales or assessment tools. The early
ones are from nurse researchers in the U.S.
Worth and colleagues" described the "CVM
Rating Scale," a one-to-three scale using a one
finger assessment of pressure, duration, muscle
"ribbing" (tone during contraction), and position
(degree of displacement) of the examiner's finger
during examination. This scale was adapted from
scales to assess orgasmic dysfunction and was
tested on 25 women (Table 2.1.4). Interobserver
and test-retest reliability for this technique was
proved. Brink and colleagues' reported on the
"Pelvic Muscle Rating Scale," which is a 1-4 scale
using a two-finger assessment of lateral and
anteroposterior pressure, time or duration, and
vertical displacement. This scale was tested in
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TABLE 2.1.4. The circumvaginal musculature rating scale

3
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Pressure
Duration
Ribbing

Position of
examiner's
fingers

Slight
None
Muscle feels soft;

no ribbing

Can easily slip out

Moderate
3secondsorless
Muscle feels

different from
surrounding tissue
but not very
ribbed

Remains inthe
same position

Firm
4seconds ormore
Muscle feels distinct. Like

rings ofribbing orribbed
muscle tissue

Forcibly gripped orexpelled,
finger in upward
position

Source:Worth AM etal, 1986.

338 noninstitutionalized women with VI. Inter
rater and test-retest reliability for this scale was
also proved. (Table 2.1.5). Confirmation of PFM
strength was also measured using a vaginal EMG
perineometer. There were significant positive
correlations between the perineometer and
digital scores of PFM strength, but also signifi
cant relationships with such variables as ability
to control urine stream and age. Table 2.1.6 is a
scale modified from the Oxford grading system,

which is an internationally accepted muscle
grading method. However, none of the above
grading systems is recognized by the Interna
tional Continence Society document on stan
dardization of terminology of the PFM, which
recommends the followinglesssubjectivegrading:
absent, weak, normal, strong."

Laycock" developed a notable PFM digital
assessment tool that uses a 0-5 scale that is repro
ducible and assesses pressure and displacement

TABLE 2.1.5. Pelvic Muscle rating scale

Dimensions 1 2 3 4

Pressure No response; cannot Weak squeeze felt Moderate squeeze; Strong squeeze; full
perceive onfinger asflick atvarious felt all theway circumference of
surface points along finger aroundfinger fingers compressed;

surface, not all surface override
theway around

Duration None <1 second >1but<3seconds >3seconds
Duration None Fingertips may move Whole length of Whole fingers move

anteriorly (pulled up fingered move anteriorly, are
by muscle bulk) anteriorly gripped and pulled in
<1second

Source: 8rink etal, 1989.

TABLE 2.1.6. Pelvic floor muscle assessment ofstrength; the modified "Oxford Scale"

Grade Description

o NiI- lackofany discernible response in theperi-vaginal muscles.
1 Flicker - "flicker" describes afluttering/quivering ofthemuscle.
2 Weak - contraction which isnot fluttering.
J Moderate - increase in pressure, compressing the examiner's fingers and

incorporating a small degree oflift, asthefingers aremoved inacranial direction.
4 Good - contraction isfirm causing lifting ofthePFM up and in against resistance.
S Strong - impliesa very strong grip oftheexaminer'sfinger and positive movement

in acranial direction againststrong resistance.
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TABLE 2.1.7. The "P.E.R.F.E.C.T"

D.K. Newman and J.Laycock

Scale

P

E

R

F

E
C
T

Measurement

Power (measurement ofstrength)

Endurance measured in seconds

Number ofRepetitions thatawoman
isable toachieve

Number ofFast - 1to2second
contractions thatcan beperformed

Every
Contraction
Timed

Description

Graded from 0 (no movement) to5(strong movement) and isbased onthe
Oxford grading system. Both slow and fast twitch muscle fibres
contribute topower.

Duration oftime (in seconds) thata maximum vaginal contraction can be
maintained before adrop of50% ofthestrength (up to lOs) and reflects
theactivity oftheslow-twitch muscle fibres.

Another way todetermine endurance ofthemuscle istoassess the
repetitions ofthemuscle contractions.This isdone by instructing the
patient tocontract themuscle for aslong aspossible - say 5seconds,
then repeat thecontraction asmany timesaspossible with 4seconds
rest inbetween each contraction. Ifthepower ofthecontraction is
reduced by 50% ortheholding time decreases, theassessment stops and
thenumber ofrepetitions is recorded. Ideally, theprescription for the
home exercise program would bebased onthenumber ofrepetitions
thatareperformed during thePFMassessment.

The contractility ofthefast-twitch fibres isdetermined after two minutes
rest, by recording thenumber offast orquick MVCs (1 to2seconds in
length) thatthewoman can perform.

Thisreminds theexaminer tomonitor progress by timing all contractions.
Thismethod equates with general muscle assessment and re-education;
for example, after knee surgery, a woman isencouraged tostrengthen
her quadriceps muscles, being taught toincrease thehold-time and
number ofrepetitions ofa"straight-leg raise."

The P.E.R.F.E.C.T. isa mnemonic ofanassessment technique thatcan beused when performing a PFM examination asit supplies data regarding muscle
contractility and coordination which can beused when planning a patient-specific exercise programme."
Source:Adapted from Laycock and Jerwood, 2001.'5

(Table 2.1.7). The P.E.R.F.E.C.T. scheme of PFM
assessment has been validated to verify that the
increase in vaginal pressure is caused by contrac
tion of the perivaginal muscles, and not a mani
festation of transmitted abdominal pressure
caused by concomitant abdominal muscle con
traction. Furthermore, interexaminer and test
retest studies have shown that this digital
technique is reliable and reproducible.IS This

TABLE 2.1.8. Examples oftheP.E.R.F.E.C.T. assessment techniques

Example Assessment Explanation

methodology may be criticized for its complex
ity, but it is the only reported method of PFM
assessment that enables the planning of a patient
specific exercise program. In its favor, this
method requires no expensive equipment and is
quick and easy to perform. Table 2.1.8 shows
examples.

The use of an assessment tool for documenta
tion on the patient's medical record is advised,

Comment

2

P/E/R//F
4/7/5//6 - brisk
response

P/E/R/F
2/5/2//3 - sluggish
response

P= 4, good contraction
E= 7, held for 7s
R= 5, repeated 5times
F= 6,6fast contractions

P= 2, weak contraction
E= 5,held for 5s
R= 2,repeated 2times
F= 3, 3fast contractions

This woman can perform five (good) contractions
lasting 7s,followed by six fast contractions. Every
contraction istimed (E.C.T.)and this will beher
exercise regimen. "Brisk response" describes the
level ofcoordination.

This woman can perform two contractions lasting 5s,
followed by three fast contractions. Every
contraction istimed (E.C.T.)and this isher initial
exercise regimen. "Sluggish response"describes
thepoor coordination when asked tocontract
quickly.
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TABLE 2.1.9. Clinical scale for grading digital evaluation ofmuscle strength
Patient Name Date

o RECTAL EXAM

Description
(CHECK ONE) o VAGINAL EXAM

Scale Grade

NONE 0

TRACE 1/5

WEAK 2/5

MODERATE 3/5

GOOD 4/5

STRONG 5/5

No DURATION OF MUSCLE CONTRACTION, PRESSURE, DISPLACEMENT

RECRUITMENT OF LARGE MUSCLE GROUP (E.G. GLUTEALS, ADDUCTORS, ABDOMINALS

SLIGHT BUT INSTANT CONTRACTION: <1 SECOND

RECRUITMENT OF LARGE MUSCLE GROUP (E.G. GLUTEALS, ADDUCTORS, ABDOMINALS

WEAK CONTRACTION: WITH OR WITHOUT POSTERIOR ELEVATION OF FINGERS, HElD FOR>1 SECOND BUT

~3 SECONDS

MODERATE CONTRACTION: WITH OR WITHOUT POSTERIOR ElEVATION OF FINGERS, HELD FOR AT LEAST 4-6

SECONDS, REPEATED 3 TIMES

STRONG CONTRACTION: WITH POSTERIOR ELEVATION OF FINGERS, HElD FOR AT LEAST 7-9 SECONDS, REPEATED

4-5 TIMES

UNMISTAKABLY STRONG CONTRACTION WITH POSTERIOR ElEVATION OF FINGERS, HELD FOR AT LEAST 10SECONDS,

REPEATED >5 TIMES

Evaluation - muscle hypertonus/spasm

CIRClE ONE: o
1
2
3
4

No PRESSURE, TENDERNESS OR PAIN

COMFORTABLE PRESSURE, SLIGHT TENDERNESS BUT BEARABLE

UNCOMFORTABLE PRESSURE, SLIGHT PAIN

MODERATE PAIN THAT INTENSIFIES WITH MUSCLE CONTRACTION

SEVERE PAIN, WOMAN UNABLE TO PERFORM MUSCLE CONTRACTION DUE TO PAIN

Comments _

Adapted withpermission from Newman,"

especially in the U.S. Table 2.1.9 is a Clinical Scale
for Grading Digital Evaluation of PFM Strength
that has been used in clinical practice by this
author." It was developed by combining scales
used in clinical research . It also allows the grading
of women with pelvic pain and possible muscle
spasms, and it is easy to use in a busy clinical
practice.

There is a relative paucity of data regarding
digital scoring systems in the evaluation of high
tone pelvic floor dysfunction. Most scales seem
to address a woman's ability to contract her PFM
without an assessment of tenderness or impaired
relaxation.

Initiating a PFM Exercise Program

Before initiating a course of PFMexercises, clini
cal evaluation should be designed to assess the
integrity of the PFMand their contractility. Ques
tions the examiner should consider during the
examination involve the functional integrity of
the PFM and include the following:

1. Are the muscles morphologically symmetric?
2. Are there any defects in the muscles, such as

hernias or tears from obstetrical trauma?
3. Is there any scarring?
4. What is the strength and bulk (volume) of the

muscles?
5. Is there voluntary symmetric contraction?
6. Does contraction evaluate the bladder neck

and anorectal angle?
7. Is there tenderness and pain during the exam

ination? With a contraction?

The examiner uses both inspection and palpation
to answer these questions. During inspection,
when the LA muscle group is healthy, voluntary
contraction of these muscles results in a pucker
ing and drawing-in of the vaginal introitus, anal
sphincter, and perineal body. Coughing should
produce little or no descent of the perineum, in
either the supine or standing position. In the
woman whose LA muscle function is com
promised, voluntary contraction may produce
minimal puckering or no movement at all.
Coughing when levator muscle function is
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compromised produces perineal descent and
gaping of the vaginal introitus with accompany
ing POP.The standing position may be necessary
to demonstrate the full extent of prolapse and
perineal descent.

Other aspects of PFM function that can be
evaluated include coordination and reflex
response. A woman with a healthy functioning
pelvic floor should be able to contract and relax
the pelvic floor both quickly and slowly on
command. An increase in intraabdominal pres
sure should result in a reflex contraction of the
PFM that can be observed at the introitus and
palpated digitally,"

PFM Rehabilitation or Training

The actual effects of PMEs on lower urinary tract
function are not completely understood. Some
studies show a relationship between changes in
various measures of pelvic floor strength, such as
anal sphincter strength or increased urethral
closure pressure and resistance, all of which will
prevent urine leakage. Kegel introduced PFM
exercises through the implementation of a com
prehensive program of progressive or maximal
contractions of the LA muscle that incorporated
biofeedback technology and was under direct
supervision of a trained nurse. " The proposed
mechanisms of action for PMEs are that:

1. A strong and fast pelvic muscle contraction
closes the urethra and increases urethral pres 
sure to prevent leakage during sudden increase
in intraabdominal pressure (e.g., during a
cough)." :" Urethral compression can be maxi
mized by timing the muscle contraction at the
exact moment of intraabdominal force (called the
"Knack,,).20-22 It refers to the skill of consciously
timing a PFM contraction just before and during
the intraabdominal pressure rise associated with
a predictable stressful activity, such as a cough.
A woman should practice the Knack by contract
ing her PFM about 1 second before a hard cough
and maintaining the contraction throughout the
cough.

2. Rising intraabdominal pressure (e.g, during
coughing, laughing, or sneezing) exerts a down
ward (caudal) pressure or force on the bladder
and urethra. Contraction of the LAexerts a coun-

O.K. Newman and J.Laycock

terbalancing upward (cephalic) force by lifting
the endopelvic fascia, on which the urethra rests ,
and pressing it upward toward the pubic symphy
sis, creating a mechanical pressure rise.

3. Muscle contraction causes a pelvic muscle
"reflex" contraction that precedes increased
bladder pressure and may inhibit bladder overac
tivity. The aim is to acquire learned reflex
activity.

Use ofInstrumentation

In order to re-educate a muscle or muscle group,
it is first necessary to evaluate the state of the
muscle at rest and during a maximum voluntary
contraction (MVC). Generally, muscle evaluation
involves (1) inspection, (2) palpation and then (3)
testing the muscles, with some method of stan
dardized recording to allow comparison of
clinical data before and after treatment; this
methodology also applies to the PFM.

Instrumentation that objectively measures the
PFM can be used to validate the digital examina
tion and was first described by Kegel, who devel
oped and used a vaginal perineonmeter that
utilized pressure (manometry) for measurement.
Traditionally, this device consisted of an air
filled vaginal pressure probe connected to a
manometer that registered changes in pressure
caused by a contraction of the perivaginal
muscles.F'" and it is used to measure the strength
of the PFM, as well as for biofeedback. The peri
neometer can, thus, provide objective informa
tion regarding the strength of the PFM.However,
care must be taken to ensure that the pressure
increase is caused by a PFM contraction and not
transmitted abdominal pressure. This is most
easily done by observing a drawing-in of the peri
neometer during a PFM contraction and palpat
ing the abdominal muscles.

Most clinicians who specialize in this field
prefer EMG measurements." Electromyography
is the recording of the electrical activity of a
muscle and is a practical indicator of muscle
activity which has been defined as:

• The study of electrical potentials generated by
the depolarization of muscle.

• A monitor of bioelectrical activity correlating
to motor unit activity; it does not measure the
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muscle contractility itself, but the electrical
correlate of the muscle contraction.

• An indicator of the physiological activity.

The advantage ofEMG over manometric pressure
is that, provided the machinery is of sufficient
sophistication with adequate filtering, the EMG
apparatus can engage the use of the newer types
of electrodes that are lightweight and designed to
stay in place, hence, allowing more functional
positions during assessment and treatment."

Weighted cones may also be used as an adjunct
assessment tool, being the measure of the weight
a subject can retain in the vagina while standing.
It is generally accepted that as the muscle strength
increases, heavier cones can be retained, thus
improving the symptoms ofSUI. 27 The disadvan
tage of this method lies in the varying vaginal
diameters and amount of mucous present, which
will influence the initial cone assessment.

Other Assessment Methods

Further methods of assessment of incontinence
and pelvic floor strength include the stress test;
SUI is a condition in which increased intra
abdominal pressure transmitted to the bladder
(e.g., during coughing or jumping) exceeds intra
urethral pressure, resulting in urine loss. It is
generally accepted that urinary leakage is more
likely to occur with increasing volumes of urine
in the bladder. The stress test is devised as a self
test for patients to monitor their own progress
and to set targets for improvement. An example
would be to aim to perform five coughs or five
jumping jacks (jumping and landing with the
arms and legs apart) with a full bladder (assum
ing this to be impossible at the beginning of
treatment). The patient starts by carrying out five
coughs (or jumping jacks) 10 minutes after emp
tying the bladder, and gradually (over several
weeks) increases the time between voiding and
coughing (or jumping jacks), providing there is
no urine loss, until she can reach her target. The
numbers/activities will need modification for
individual patients, to provide a challenge with
out setting impossible goals. The "Stop Test,"
instructing patients to stop and start the flow of
urine, is discouraged because of possible harmful
effects/
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Monitoring Therapy

As a pelvic floor re-education program may last
up to six months, it is important to monitor the
effect of therapy by regular reassessment of both
the PFM and the severity and frequency of pelvic
floor symptoms. However, many patients are
unable to attend a hospital/clinic on a regular
basis because of work and family commitments.
Monthly completion of a bladder diary (fre
quency/volume chart) and encouragement to
continue with the exercise regimen should be tai
lored to resources and patient's needs .
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2.2
Examination of Patients with Pelvic
Organ Prolapse
Ursula M. Peschers

Examination of POP should aim at reproduc
ing a patient's own observation. Assessment
should separate between quality (which organ
is prolapsedi) and quantity (what is the extenti)
of POP. The ICS prolapse staging system is a
validated and necessary tool for any studies
on the treatment of POP. POP stage I and II
are very common in women after vaginal
childbirth and very rarely are the origin of
symptoms.

Pelvic organ prolapse (POP) might cause a variety
of urogynecological problems. While some
women simply have the feeling of a bulge pro
truding out of the vagina and causing discomfort
while sitting others cannot empty the bladder
or the bowel completely or have symptoms of
urinary or anal incontinence. It has to be kept in
mind, however, that stages less than grade II in
the ICS prolapse staging system normally do not
cause specific symptoms.'

Patients with prolapse have defective pelvic
support allowing the vagina and the uterus to
descent below their normal position. The organs
lying directly adjacent to the virgina (the bladder
and the rectum) follow the vagina downwards.
Traditionally the organ that is lying next to the
part of the vagina that has prolapsed names the
prolapse, e.g. in case of anterior vaginal wall pro
lapse this is called a cystocele . Qualitative (which
is the prolapsed organ behind the vaginal walli)
and quantitative (how much prolapse is itl)

assessment are necessary in order to come to a
definitive prolapse diagnosis allowing for specific
treatment. Qualitative assessment is based on
carefully clinical examination, followed by
imaging techniques (see Ultrasound, MRI) and
in some cases final diagnosis reveals only during
surgery.

A variety of classifications of POP are in use.
To precisely describe the degree of POP the Inter
national Continence Society published a system
of quantitative description of POP.2 This systems
allows to measure the degree of prolapse exactly
and to give an exact descriptions of its amount.
The interobserver and intraobserver reliability of
the classification system has been shown.Y

Systematic classification is important as it
allows to measure and to compare the success of
different treatment options including physio
therapy for POP.

Conditions of Examination

The examiner should see and describe the
maximum protrusion noted by the individual
during her daily activities. If in doubt the patient
herself may be the best witness to decide on the
maximal descent by the help of a handhold
mirror. Usually the prolapse descends more in
the standing position. The bladder should be
empty because otherwise the patient might
hesitate to strain for fear of leaking urine. A pair
of separated vaginal specula should be used to
investigate one compartment of the vagina while
the others are reduced by the speculum.

lOS
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FIGURE 2.2.2. From Viereck etal.,Geburtsh. u.Frauenheilk. 1997;
57:177-182, Abb. 2a, p. 179.
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Measurement

sponds to the insertation of the uterosacral
ligaments. If the cervix is elongated a large
difference between e and D will be found.
Point D is not applicable for patients after
hysterectomy.

• Posterior compartment: (Point Ap and Bp):
posterior vaginal wall. Point Ap corresponds to
the position of Aa but there is no anatomical
landmark on the posterior vaginal wall. By
definition Ap is located at -3 ern in a patient
without prolapse of the posterior vaginal wall
and its maximum protusion is +3 cm. Point Bp
is the most distal part of the posterior vaginal
wall between Ap and the cervix or the vaginal
cuff.

Additionally the total vaginal length (tvl), and
the size of the genital hiatus (gh) and of the
perineal body (pb) are measured. The measure
ment of the lengths do not have minus or plus
attached.

The Ies recommends recording the position of
the points and the lengths in a simple 3 by 3 box.
However, introducing each measured point into
a special grid has rendered both: Simple and easy
communicative. (see Figs. 2.2.2-2.2.5).

Stages are assigned according to the most
severe portion of the prolapse when the full extend
to the protrusion has been demonstrated.

Stage 0: No prolapse.
Stage I: The most distal part of prolapse is >1 ern

above the level of the hymen. From a clinical
point of view stage I prolapse is not a patho
logic condtion.

pb

The vagina contains three compartments. Each
compartment has one or two points whose posi
tion has to be measured. The maximum protru
sion of each compartment has to be evaluated
while the other compartments are held back with
speculum:

• Anterior compartment (Point Aa and Ba):
anterior vaginal wall with the adjecent organs
urethra, bladder neck and the bladder. Aa cor
responds to the bladder neck and is usually
easily identified by the urethrovesical crease on
the anterior vaginal wall, 3 cm from the outer
meatus. By definition Aa is always located in a
range from -3 em to +3 em from the hymen . Ba
represents the most distal part of the anterior
vaginal wall between Aa (corresponding to the
bladder neck) and the cervix or the vaginal
cuff. In a patient without prolapse Ba is located
at -3 em,

• Middle compartment: (Point e and D): cervix
or vaginal cuff (after hysterectomy), posterior
fornix. In patients with a uterus Point D corre-

FIGURE 2.2.1. Quantative description of pelvic organ position.
gh= genital hiatus;VA = vagina;RE= rectum; pb= perineal body.
The description forthemeasurement points Aa, Ba, C, D, Bp, and
Ap isfound inChapter 1.6.

Quantitative Description of Pelvic
Organ Position (Fig. 2.2.1)
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FIGURE 2.2.4. From Viereck etal.,Geburtsh.u.Frauenheilk. 1997;
57:177-182, Abb. 3a, p.180.

anterior and posterior vaginal wall (Points Ba
and Bp) and the vaginal cuff (Point C) are
found 8 em beyond the hymen (+8). The total
vaginal length (tvl) is 9 cm. Tvl (9) minus
maximum prolapsed point (8) results into 1.
Staging: Grade IV.

Patient # 3: A patient presents with prolapse of
the anterior vaginal wall after hysterectomy.
The vaginal cuff does not prolapse beyond the
hymen. Aa is located at +3 ern. Bais protruding
further to +5 ern and is the leading part of the
prolapse. C is found inside the vagina at -2 ern.
The total vaginal length is 7.5 ern,

tvl (7.5) minus Ba (5) = 2.5. Staging: Grade
IlIa.

Patient # 4: Prolapse of the posterior vaginal wall
after hysterectomy. The anterior vaginal wall
(Aa and Ba at -3) and the vaginal cuff (C at -6)
do not descend. The leading point of the pro
lapse is Bp 4 ern beyond the hymen. The total
vaginal length is 4 em.

tvt (7) minus Bp (4) = 3. Staging: Grade
I1Ip.

Graphical diagram
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Measurement

Even though the ICS classification for POP seems
to be complicated it has been shown that it is easy
to use after a while. Studies regarding the treat
ment of POP should always include the ICS
classification.

The following four examples demonstrate how
to apply the staging system:

Patient # 1: Normal anatomy, no prolapse. The
points Aa, Ba, Ap, and Bp are all located at
-3 ern because there is no prolapse of the ante
rior and the posterior vaginal wall. The cervix
is located 8 ern above the hymen (C = -8) and
Point D (insertion of the sacrouterine liga
ments 10cm above the hymen (D = -10). The
vaginal length is 10em, the genital hiatus 4 ern
and the perineal body 3 ern. Staging: Grade O.

Patient # 2: A patient presents with total protru
sion of the vaginal cuff after hysterectomy.
Point Aa and Ap are located at their maximum
position at +3 ern. The most distal parts of the

Stage II: The most distal part of prolapse is located
between -1 em and +1 ern. Clinically stage II
leads to symptoms very rarely.

Stage III: The most distal part of prolapse is
located at more than +1 cm beyond the hymen
but protrudes no further than the total vaginal
length minus 2 ern.

Stage IV: Prolapse further than stage III.

The following letter qualifiers name the leading
part of the prolapse:

a = anterior vaginal wall
p = posterior vaginal wall
C = vaginal cuff
Cx = Cervix

Measurement +3Aa +8ga +Bc

5 ah 2 ob 9 tvl

+3Ac +8go - D

Measurement -3Aa -3Sa -6 e
5 ah 2 ob 7tv1

+2Ac +4so - D

Graphical diagram Graphical diagram
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FIGURE 2.2.3. From Viereck etal.,Geburtsh.u.Frauenheilk. 1997;
57:177-182, Abb. 2b, p.179.

FIGURE 2.2.5. From Viereck etal, Geburtsh. u.Frauenheilk. 1997;
57:177-182, Abb. 3b, p.180.
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2.3
Urodynamics
Ursula M. Peschers

Key Message

Not every woman with urinary incontinence
needs urodynamic testing before physiotherapy.
Nevertheless, a physiotherapist should be famil
iar with the purpose and technique of urodynam
ics for several reasons:

1. To understand normal function and patho
physiology of the lower urinary tract based on
urodynamic investigation.

2. To understand when urodynamic studies are
necessary.

3. To understand that urodynamic results may
help to improve physiotherapy in certain
patients.

This chapter summarizes the indications for uro
dynamic evaluation, introduces the basics of this
technique, and shows typical patient profiles and
their corresponding urodynamic traces.

Indications

Many patients present to the urogynecology
clinic with unclear symptoms. Ideally, urody
namics should reproduce the patient's symptoms
under controlled conditions. However, reality
shows that this is not always possible. Therefore,
urodynamic investigations cannot substitute for
a thorough patient history and a good physical
examination.

Patients should undergo urodynamics

• if history and physical examination do not lead
to a diagnosis

• if voiding problems are present
• if at least 2 months conservative treatment did

not improve symptoms
• before any planned continence surgery
• after failed incontinence surgery.

Urodynamic Techniques: Definitions
and Technical Performance

The International Continence Society has pub
lished several papers to standardize definitions
and measurement techniques. ':"

Urodynamics can be used to evaluate lower
urinary tract symptoms and signs of lower
urinary tract dysfunction.

Lower urinary tract symptoms include the
following:

• storage symptoms (increased daytime fre
quency, nocturia, urgency, stress urinary in
continence, urge urinary incontinence, mixed
urinary incontinence, noctural enuresis,
and other types of incontinence and bladder
sensation)

• voiding symptoms (slow stream, splitting and
spraying, intermittent stream, hesitancy, strain
ing, terminal dribble) and post micturition
symptoms (incomplete emptying, post mictu
rition dribble)

Conventional urodynamic studies are performed
in the urodynamic laboratory. They involve artifi
cial filling of the bladder via a catheter with a
specified liquid at a specified filling rate and
temperature (Fig. 2.3.1, A and B). In contrast,
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Voiding is the result of opening of the outlet
(relaxation of the urethra and the pelvic floor
muscles) and an increase of pressure from
above (the detrusor). An obstructed outlet or a
weak detrusor pressure or contraction of
the pelvic floor leads to pathological voiding
patterns.

Uroflowmetry is a simple, noninvasive test that
measures and plots the amount of voided urine
(y axis) per time unit (x axis) in milliliters per
second while the patient sits on a micturition
chair. The voided volume, the voiding time, the
average flow rate, and the maximum flow Qmax
should be recorded (Fig. 2.3.2). For women, a
peak flowrate (Qmax) of 15-20 mlls is regarded as
normal. As Qmax is dependent on the voided
volume, a minimal bladder volume of 150ml is
recommended.

Even in normals, flow curves differ individu
ally, as well as in the same person, depending on
several factors (e.g., bladder filling, degree of
abdominal pressure, contractile status of the
pelvic floor muscle).

A normal detrusor contraction combined with
a normal bladder outlet results in a smooth, arc
shaped flow rate curve with high amplitude.
A flattened asymmetric curve with a slow
declining end part might be caused by obstruc
tion (e.g., after continence surgery or in women
with a neuropathic pelvic floor) or from a weak
detrusor. If women void by straining only, a
typical interrupted flow pattern is resulting (see
patient example # 4 and Fig. 2.3.7).

Urodynamic studies provide information
about the storage function of the bladder (fill
ing cystometry or cystometrogram [CMG]), the
voiding function (uroflowmetry, pressure-flow
studies), and the function of the urethra (urethral
pressure measurement/profilometry, leak point
pressure measurements). Bladder filling with
contrast medium allows for simultaneous fluoro
scopic imaging of bladder filling and voiding.
Electromyographic (EMG) studies of the pelvic
floor muscles (with surface electrodes) or of the
urethral sphincter muscle (with needle or wire
electrodes) can be added.

Uroflowmetry

ambulatoryurodynamicsstudies the lowerurinary
tract during natural filling, while the patient is
engaged in every day activities. Todate, this test is
not adequatelyvalidated and rarely used and, thus,
will not be described in this chapter.

FIGURE 2.3.1. (A)Urodynamic lab withapatient insupine position
under investigation. (8) The pressure lines are inbladder/urethra
and arectal catheter forabdominal pressure measurement as well
as asurface electrode forpelvic floor muscle recording.
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FIGURE 2.3.2. Urine flow curve and its
description terminology. (Source: Cardozo
and Staskin, 2001.)

Filling Cystometry and Pressure
Flow Studies

Filling cystometry and pressure-flow studies are
invasive procedures that involve artificial filling
of the bladder. During filling, the detrusor pres
sure (y axis) is constantly monitored and plotted
against the filled volume (x axis).

As the pressure generated by the detrusor
muscle cannot be measured directly, the in
travesical pressure (Pves) is measured with an
intravesical probe, intraabdominal pressure is
measured with an intrarectal probe, and the
detrusor pressure (Pdet) is calculated by subtract
ing pabd from Pves (Fig. 2.3.1 B). During voiding,
the flow curve is plotted parallel to the detrusor
pressure.

Pressure can be measured either by fluid filled
lines connected to external pressure transducers
or by pressure transducers mounted on a catheter
(microtip transducers). The equipment should
include at least three measurement channels (two
for pressure, one for flow), a display (monitor or
printer), and secure storage of three pressures
(Pabd' P vess Pdet) and flow (Q) as tracings against
time.

Several landmarks are necessary for the inter
pretation of results, as follows:

• First sensation, which occurs when the patient
first becomes aware of the filling.

• First desire to void, which is the feeling that
the patient would pass urine if conveniently
possible, but that voiding could still be
postponed.

• Strong desire to void, which is defined as a per 
sistent desire to void without fear of leakage.

• Maximum cystometric capacity, which is
reached when the patient has a very strong urge
to void and can no longer delay micturition.

• Bladder compliance, which describes the rela
tionship between change in bladder volume
and change in detrusor pressure (rnl/cm H20).

Compliance is reduced if the bladder is unable
to stretch during filling (e.g., after radiation or
radical pelvic surgery). This leads to a steady
increase in intravesical pressure.

• Normal detrusor function, which is present
when there is no or little increase in bladder
pressure during bladder filling. No involuntary
phasic contractions should occur despite prov
ocation tests (e.g., coughing).

Spontaneous or provoked involuntary detrusor
contraction during the filling phase is defined as
detrusor hyperactivity. If the patient leaks urine
during a sudden increase of abdominal pressure
in the absence of the detrusor contraction (e.g.,
a cough) this is defined as urodynamic stress
incontinence.

Pressure-flow studies allow examiners to
determine detrusor function during voiding
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FIGURE 2.3.3. Example ofapressurelflow recording during filling
and micturition. (Nomenclature as recommended by the Inter
national Continence Society.) (Source: adaptation from Bourcier

AP, McGuire EJ, Abrams P: Pelvic floor disorders. Philadelphia:
Elsevier Saunders; 2004: 205. With permission from Elsevier.)

by measuring flow and voiding pressure at the
same time.

The same equipment is used as for uroflow and
filling cystometry. After filling the bladder to
maximum capacity, the patient attempts to void
with the intravesical and the intrarectal catheter
still in place. Two pressures (Pabd' Pves) and the
flow (Q) are recorded. The detrusor pressure Pdft
is calculated simultaneously (Figs. 2.3.2 and
2.3.3; see Chapter 1.5).

Pressure-flow studies are not required in
women with stress urinary incontinence unless
pathological micturition (e.g., residual urine or
reduced uroflow) is present; this is to distinguish
between three main causes:

1. Intravesical obstruction
2. Weak detrusor function (hypocontractile or

acontractile detrusor)

3. Detrusor-urethral or pelvic floor dyssynergia,
which is uncoordinated detrusor contraction
and pelvic floor/urethral muscle relaxation.

Urethral Pressure Measurement

Understanding urethral function is important to
the investigation of stress incontinence. Urethral
pressure is the pressure needed to open a closed
(collapsed) urethra. The measurements are prone
to artifacts caused by the catheters (stiffness,
direction of the tip) and by the patient (move
ment, etc.).

The urethral closure pressure profile is a graph
indicating the pressure along the length of the
urethra (urethral pressure profile) (Fig. 2.3.4, A
and B). It is calculated by subtracting the inter-
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FIGURE 2.3.4. (AI Schematic drawing
ofthe technique for urethral pressure
measurement. Apuller device is retract
ing the catheter with the pressure
transducer at constant speed through
theurethra, registrating the pressures
alongside theurethra while atthesame
time intravesical pressure is measured.
Subtracting Pm from Pura is theurethral
closure pressure Pelo, (AI. (Source:
reprinted from Cardozo and Staskin,
2001.) (8) Urethral pressure profile
trace at rest and its description termi
nology according to ICS definition.

ur hral pr
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vesical pressure (PVt,) from the intraurethral
pressure (Pur.)' Both pressures are measured by a
transducer, one constantly lying in the bladder
(Pves), while the other is withdrawn with constant
speed (1mm/s) alongside the urethra (pur.), either
at rest or during physical stress (stress profile).
The maximum urethral closure pressure (MUCP)
is age dependent and its normal range is between
50and 80em H20 .AMUCPof<20H20 is regarded
as a low-pressure urethra.' The functional ure
thral length is the length of the urethra, along
which urethral pressure exceeds intravesical
pressure.

In women with normal pelvic floor anatomy,
the urethra is connected to the levator ani muscle
by connective tissue (see chapter 1.1). Contrac
tion of the levator ani muscle leads to an increase,

and relaxation of the levator ani to a decrease, in
urethral pressure. ' A constant pelvic muscle con
traction results in an abnormally high urethral
pressure. If the urethral connection to the pelvic
floor muscles is damaged (e.g., by childbirth),
contraction of these muscles are unable to
increase the intraurethral pressure.

During coughing, the pressure transmission
ratio can be determined; it is the increment in
urethral pressure on stress as a percentage of the
simultaneously recorded increment in intra
vesical pressure. Stress urinary incontinence is
ideally represented when the closure pressure
equals 0em H20 during every cough alongside the
urethra (see Patient # 2; Fig. 2.3.6 B). It has to be
understood that the stress profile is very often
subjected to artifacts.
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Leak Point Pressure

The abdominal leak point pressure is the
minimum intravesical pressure at which leakage
occurs because of increased intrave sical pressure
in the absence of a detrusor contraction. It is
commonly performed by letting the patient cough
or strain with a full bladder (300ml) until leakage
occurs. Although the examination technique is
widely used, there is still no standardization on
how to measure this pressure.

As it is known that the cough leak point pres
sure is significantly higher than the Valsalva leak
point pressure, it should be stated which maneu
ver is used to provoke leakage." Additionally the
size of the intravesical catheter/ its position
(intravesical or intravaginal), and the bladder
volume't" have a significant influence on the
results. Also, it is likely that the leak point pres
sure is higher if the patient contracts the pelvic
floor muscles.

Typical Case Examples

Patient # 1:The Continent Woman with
Normal Voiding

A 20-year-old nulliparous woman with no incon
tinence symptoms and is able to contract her
pelvic floor muscles voluntarily. There is no pelvic
organ descent, nor prior pelvic surgery.

The patient is able to void normally (Fig. 2.3.5
A). The flowchart is bell-shaped with final spikes
(arrows), indicating additional abdominal strain.

Her maximum flowrate (Qrnax) is 25.7ml/s, and
her voided volume is 353ml. She is able to volun
tarily interrupt her urine flow (arrow) during
micturition with the help of a pelvic floor muscle
contraction (Fig. 2.3.5 A).

Her urethral pressure profile at rest shows
a MUCP of 72ern H20 (Fig. 2.3.5 B). The high
pressure measured indicates the intactness of
the intrinsic urethral closure mechanism.
However, it could also indicate that her pelvic
floor is not completely relaxed because of the
urodynamic examination. Active contraction
of the PFM increases the pressure (Fig. 2.3.5 B).
This shows that the pelvic floor is able to influ
ence the sphincter unit with or without a con-
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comitant contraction of the striated urethral
sphincter,"

Her cough stress profile (Fig. 2.3.5 C) shows a
positive pressure transmission onto the urethra
during coughing, indicating that there might be
also reflex activity present within the striated
sphincter muscle and/or the pelvic floor muscle.

During filling cystometry (Fig. 2.3.5 D) the
detrusor pressure remains stable despite provo
cational coughs. AValsalvamaneuver at a bladder
filling of 300ml with a pressure increase of 80cm
H20 does not lead to urinary leakage, also indi 
cating the intactness of the sphincter mechanism.
Maximum bladder capacity normally exceeds
400ml. Compliance is unmeasurably lowbecause
of the failure of an increase in detrusor pressure
during filling up to 400ml.

Patient # 2:Stress-Incontinent Woman

A 34-year-old woman who has undergone three
vaginal deliveries. No previous pelvic surgery.
During examination no significant prolapse can
be found. She is hardly able to contract her pelvic
floor muscles. She describes symptoms of stress
urinary incontinence and denies any urgency.
With the bladder almost empty she leaks while
coughing and straining in the supine position.

During urodynamics she has a normal voiding
pattern and a normal filling cystometry (see
patient #1).

Figure 2.3.6 a shows the urethral pressure mea
surement at rest.

Her MUCP is 14mm H20 , her functional ure
thral length is 23em. Active contraction of the
PFR does not increase urethral closure pressure,
indicating either an inability to contract the
pelvic floor muscle or damage to its connection
with the urethra. The very low urethral closure
pressure «20cm H20 ), together with a cough
leak point pressure of43ernH20 , indicates intrin
sic urethral insufficiency, a condition in which
denervation or defects within the sphincter unit,
rather than hypermobility of the urethra, is the
primary cause of stress urinary incontinence..
This condition is generally difficult to treat with
physiotherapy.

The stress profile shows a negative closure
pressure along side the length of the urethra (Fig.
2.3.6 B) representing the absence of any closure
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FIGURE 2.3.5. (A) Uroflowmetry. Urine flow pattern in a normal
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barrier of the urethra when the patient starts
coughing.

Patient # 3: Voiding Dysfunction

A 54-year-old woman presenting with voiding
difficulties after abdominal colposuspension for
stress urinary incontinence two years ago. She
does not have incontinence. During pelvic exam
ination there is no prolapse. The anterior vaginal
wall and the bladder neck are immobile during
straining. There is 80ml of residual urine, and
there is no urinary infection. Despite a hyperac
tive contraction of the detrusor muscle, the urine
flow is low and intermittent. Additional flow
spikes are the result of concomitant abdom inal
straining (Fig. 2.3.7).

Pressure flow study

U.M. Peschers

Patient # 4:Overactive Bladder Syndrome
A 63-year-old woman presents with symptoms of
urgency and urge incontinence. She complains
about the need to void every hour during the
daytime and three to four times during the night.

When feeling the urge to void, she leaks while
trying to get to the toilet. A prolapse of the ante
rior vaginal wall is found, but no urinary tract
infections are evident.

Filling cystometry reveals uninhibited detru
sor hyperactivity, starting early after the bladder
is filled above 100ml and immediately leading to
a complete loss of stored urine (Fig. 2.3.8). The
very high uninhibited detrusor contractions are
indicative of a neurological disease as the origin,
rather than an idiopathic cause.
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FIGURE 2.3.7. Pressure flow study ofa female with voiding diffi
culties after incontinence surgery. Although detrusor pressure
with 30cm H20 is quite high, resulting urine flow rate is low

(8mils) thus indicating intravesical obstruction. Arrows indicate
additional straining efforts to further press out intravesical
urine.
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Pressure flow study
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FIGURE 2.3.8. Filling cystometry inafemale withDAB I wet(high pressure motor urge incontinence). (Source: reprinted withpermis
sion from Wall LL, 1993.)
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2.4
Applying Urodynamic Findings to
Clinical Practice
Christopher K. Payne

Key Message

This chapter depicts how urodynamic studies are
helpful in deciding whether or not surgery and
physiotherapy are appropriate treatment/strate
gies for stress, urge, and mixed incontinence, as
well as voiding dysfunction. Carefully selected
practically based opinions are, given as there is a
lack of evidenced-based data thus far.

Introduction

As described in previous chapters, urodynamic
studies are used to evaluate women with inconti
nence and lower urinary tract symptoms in two
common clinical settings:

1. Preference for surgical therapy in women with
clinically predominant stress incontinence
symptoms

2. Unsatisfactory response after empirical appli
cation of conservative measures.

Urodynamic studies are also employed InI

tially, when the complexity of the clinical situa
tion prevents making a provisional diagnosis.
Some clinicians prefer to test all patients before
any therapy is administered. In any case, once
the examination has been completed, the clini
cian will need to interpret the findings and
counsel the patient about the relevant treatment
options. Unfortunately, there is considerable dis
agreement on the meaning and significance of
many urodynamic tests and little evidence on
which to base opinions. The Urodynamics Com-
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mittee of the 3rd International Consultation on
Incontinence found mostly low level grades 4
and 5 evidence (case series and expert opinion)
to support the use and interpretation of urody
namic tests in the majority of clinical situations. I

The Committee on Research Methodology
pointed out the need for large-scale prospective
studies to determine the predictive value of uro
dynamic tests in determining optional treatment
for patients with incontinence.' Thus, although
the urodynamic diagnosis may suggest a prefer
able course of action, the ultimate decision must
incorporate the goals and values of the patient as
well as the locally available resources.

It is rare that only one form of treatment is
acceptable, and common that available data
do not clearly define the "best" or "optimal"
therapy.

Despite the limitations, urodynamic studies
remain the primary method of evaluating lower
urinary tract complaints. Interpreting urody
namic studies and counseling the patient about
therapy calls for a combination of clinical exper
tise and empathetic understanding ofthe patient's
condition and objectives. The most common uro
dynamic scenarios are discussed below and are,
in most cases, reflective of expert opinion.

Pure Stress Incontinence

When conservative measures are preferred, uro
dynamic studies are not typically performed, yet
the option of conservative therapy should not
be ignored when counseling patients after uro-
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dynamic testing. First, there is no evidence that
specific urodynamic findings (e.g., severe incon
tinence as manifested by low leak pressure or
presence of urethral sphincter dysfunction as
shown by a low urethral closure pressure), or
clinical criteria (e.g., age, obesity, prior inconti
nence surgery) define patient groups less likely to
respond to pelvic floor rehabilitation."Therefore,
no patient should be primarily excluded from
pelvic floor muscle training (PFMT) if they are
willing to train. Expert opinion suggests that
patients with a positive stress test and a good
voluntary pelvic floor muscle contraction, which
is not coordinated during a cough, represent a
particularly attractive group for PFMT. The
chance for successful conservative treatment is
very high, given that leakage is controlled after
instructions to perform both cough and contrac
tion simultaneously. This could be performed on
a "see and treat" basis in connection with the
urodynamic assessment. ' The authors believe
that conservative therapy with pelvic muscle
exercises and/or biofeedback should be strongly
recommended when pelvic floor strength is poor
and the objective severity of stress urinary incon
tinence (SUI) is low, as there is substantial room
for improvement.

There are many groups that experts feel are
less likely to respond to conservative measures.
For example, patients who show no urethral
mobility on clinical examination or perineal
ultrasound despite a sustained voluntary con
traction. Some experts also identify patients who
are able to perform a sustained contraction in
which either the urethra is not adequately lifted
upwards or is not kept in this position (e.g.during
a cough) as poor candidates for training. In this
case, there is presumably a poor connection of
the urethra to the puborectalis muscles. This
entity is easily encountered during digital exami
nation or perineal ultrasound. Others have
suggested that patients with chronic bronchitis
or athletes in endurance sports are not good
candidates.

Urodynamic studies may help identify the
patients most appropriate for conservative
therapy by highlighting poor voluntary function
of the pelvic floor. To define that weakness, the
urodynamic examination must isolate and assess
voluntary and reflexpelvic floor activity. Perineal
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patch electrodes and/or direct urethral pressure
measurement can be used to establish baseline
function-a simple survey could include evalua
tion of voluntary contraction strength and dura
tion, "quick flicks," and response to cough and
bulbocavernosus stimulation. When preopera
tive urodynamic studies indicate an increased
chance of postoperative retention (hypocontrac
tile bladder) a concerted effort to manage the
problem with conservative measures should be
considered before surgical intervention.

The following three urodynamic criteria define
the ideal candidate for surgical treatment of
stress incontinence:

1) There is significant and objective stress
leakage

2) There is no or minimal associated detrusor
overactivity

3) Voiding dynamics are normal.

Such patients are highly likely to have favorable
outcomes with surgical treatment and should be
encouraged to undergo surgery if so inclined.

The presence of detrusor overactivity does not
in any way preclude surgical treatment of stress
incontinence (seesection on mixed incontinence),
but it does call for different counseling. When
the filling phase is stable, the patient is simply
informed about the risk of de novo overactivity/
urge incontinence as appropriate to the chosen
procedure, approximately 0-27% for fascial
slings, 1-16% for colposuspension, and probably
less for tension-free midurethral slings. ' In con
trast, patients with documented detrusor overac
tivity are counseled about the likelihood of the
resolution of urge symptoms. For all pat ients
with preoperative urgency, symptoms persists in
30-50% of patients, but this rate may be higher
in those patients with documented detrusor over
activity, particularly those with high pressure
unstable contractions.' In some of these cases,
urgency can even increase despite resolution of
stress incontinence, particularly if the operation
creates any voiding dysfunction.

Finally, it is important to demonstrate normal
voiding. Urinary retention is one of the most
serious complications of stress incontinence
surgery and is not always reversible. If there is no
clinical reason to suspect voiding problems, a
normal uroflow and low postvoid residual will
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suffice. Patients with abnormally low flow rates,
patterns suggesting Valsalva voiding, elevated
residual urine, or medical problems correlated
with bladder dysfunction (e.g.,diabetes or lumbar
spine disease) are probably investigated by a
pressure-flow voiding study. In the absence of
high quality prospective data, it is most appropri
ate to assume that a patient who depends on
abdominal straining to void will be at higher
risk for urinary retention after any type of
stress incontinence procedure, including injec
tion therapy, and to counsel accordingly." On the
other hand, low pressure bladder contractions
are not necessarily worrisome . Women with
stress incontinence often have very low urethral
resistance and, thus, may void without a de
tectable contraction. If the flow curve is normal,
the peak flow rate is normal, and the residual is
low, there should be no increased risk of
retention.

Pure Detrusor Overactivity

The patient with clinically pure urge incontinence
is typically managed with pharmacotherapy,
behavioral techniques, and pelvic floor exercises.
The primary role for urodynamics is when these
simple measures fail and more invasive treatment
is being considered. Here, the role of urodynamic
studies is to identify other treatable problems,
such as associated stress incontinence or bladder
outlet obstruction, for which curative therapy
exists. Also, patients with low pressure overactiv
ity and leakage should be referred for biofeedback
training and/or electrical/magnetic stimulation
before considering sacral neuromodulation or
reconstructive surgery.

Patients with high pressure overactive contrac
tions must have good pelvic floor function; if they
were unable to oppose the overactive contraction
appropriately then there would be leakage before
high pressures could be generated .

True Mixed Incontinence

The patient with true mixed incontinence, both
SUI and detrusor overactivity incontinence on
urodynamic testing, presents a challenge in
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forming a treatment plan. The clinician's goal
is to:

• Select patients who are most likely to benefit
from surgical therapy

• Identify patients who are most likely to suffer
from persistent urge symptoms after surgery.

The urodynamic study gives an assessment of
pelvic floor muscle strength to correlate with the
physical exam, an objective measure of the sever
ity of the stress incontinence component, and an
objective measure of the degree of bladder dys
function. Those patients with more severe SUI
and better pelvic floor function are better candi
dates for surgery than are patients with less SUI,
weaker pelvic floor muscles, and more severe
detrusor overactivity. In the latter case, surgery
should be employed only if concerted efforts at
conservative therapy fail.

It is generally felt that patients with mixed
incontinence have poorer outcomes with surgery
for stress incontinence because of the possib
ility of persistent urge symptoms, although
data are conflicting and incomplete . Therefore,
these patients should usually be offered PMFT
as a first-line treatment, with or without con
comitant drug treatment (e.g, anticholinergics,
Duloxetine).

Dysfunctional Voiding

As with the case of acontractile bladder, dysfunc
tional voiding is seen much more frequently in
pressure-flow urodynamic studies than it is as an
actual important clinical issue. The pressure
flow study must be correlated with the clinical
symptoms and a free-flow/residual urine deter
mination. Very often, the low flow rate and high
EMG activity are only artifacts of the testing situ
ation for the reasons mentioned above. When the
clinical complaints, free-flow, and pressure-flow
study do all suggest a diagnosis of dysfunctional
voiding, consideration should be given to the
possibility of neurogenic bladder with detrusor
sphincter dyssynergia. (see Chapter 1.5,Fig. 1.5.2
B). This diagnosis mandates a search for a supra
sacral spinal cord lesion. In the absence of a neu
rogenic cause, the diagnosis is dysfunctional
voiding and the treatment options include pelvic
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floor physical therapy with maximal emphasis on
treatment of a hypertonic pelvic floor, which is
often found in these patients, biofeedback, and
sacral neuromodulation.
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2.5
Anorectal Physiology
David Z. Lubowski and Michael 1. Kennedy

Key Message

The most import clinical manifestation of abnor
mal anorectal physiology is anal incontinence,
and this, together with its causes, is comprehen
sively reviewed in this chapter. The physiology
includes studies on anorectal and colonic func
tions, using manometric and electrophysiologi
cal studies. The latter includes motor and sensory
nerve conduction and electromyography. Mea
surements of colonic transit rely on radioisotope
studies, such as defecation scintigraphy, and
dynamic studies , such as defecography.

Endoanal ultrasound using static and rotating
probes is widely available and used for anal
sphincter morphology.

Anal incontinence is defined as the involun
tary loss of stool or flatus and is a distressing
condition frequently seen by clinicians. It has
previously been estimated that the prevalence of
anal incontinence may be as high as 15%1 in the
general community and up to 20% of patients in
elderly care institutions.

Introduction

When a patient presents with anal incontinence,
a thorough investigation is required to find evi
dence of neuropathy, muscle weakness, colonic
abnormality, or combinations of these. Normal
anorectal function requires an intact anatomy
and is a complex, multifactorial physiological
process . The mechanisms of continence and
defecation are interdependent, and neither can
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function completely normally without the other.
Continence and defecation both involve colonic
and anorectal function, and the term "anorectal
physiology" is misleading because any discus
sion about anorectal function must now include
the colon in order to have clinical relevance.

Avariety of tests are available to study anorec
tal and colonic function. Some are useful in
everyday clinical practice, whereas other tests
have an important research role. This chapter
examines the available physiological tests,
and places each in a clinical context. It is impor
tant to carefully select those tests which will
provide useful clinical information for each
individual patient, as each patient has a
tolerance level for anorectal tests above which
he or she will become less compliant, and
exceeding this level with unhelpful tests will be
counterproductive.

Anorectal Manometry

The anal canal's high pressure zone is the most
important component of the continence mecha
nism. Anal pressure may be measured at differ
ent levels in the anal canal, usually at approxi
mately l-cm intervals. Several recording devices
are available, such as perfusion catheters, micro
balloons, sleeve catheters, or strain gauge trans
ducers. Perfusion catheter systems are the most
commonly used. The maximum diameter of the
recording device should be no greater than 5mm
because large-diameter catheters may artificially
raise anal pressure.'
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Normal Recordings

Resting Anal Pressure

Resting anal pressure is largely caused by the
intern al sphincter (Fig. 2.5.1). The muscle is in a

FIGURE 2.5.1. Anorectal manometry using a perfusion system.
Channell isrecording justwithinthe anal verge, andchannels 2
and3 progressively more proximally inthe anal canal. Channel 4
isrectal pressure. Pressures at rest, during muscle contraction and
thenduring coughing areshown. Rectal pressure increasesduring
coughing butnotwithvoluntary contraction.

TABLE 2.5.1. Normal mean anal pressures

Sun and Loening-Baucke
Read" and Anuras" Williams etal.s'

cmH,O mmHg mmHg
Resting pressure
Mean 60(13)
Mean male 91 (5) 63(12) 62(5)
Mean female 61(6) 50(13) 64(5)
Squeeze
pressure
Mean 204 (54)
Mean male 257 (20) 238 (38) 189 (10)
Mean female 107 (13) 159 (45) 142 (7)
Method Perfusion Strain gauge Perfusion

Values in parentheses are standard deviations.

state of continuous intrinsic contraction,' which
has phasic variation known as slow waves. These
are more apparent when resting pressure is ele
vated, and they occur at a rate of 6-20 per minute
with an amplitude 10-25 ern Hz0

4
• Additionally,

ultra-slow waves are high-pressure waves with a
frequency of 1-3 per minute; they are found in
5% of normal subjects,' but in approximately
50% when maximum resting pressure is greater
than 100cm HzO.

6 They are frequently present in
conditions caused by internal sphincter spasm,
such as hemorrhoids' and anal fissure." There is
no consensus as to which part of the ultra-slow
wave should be regarded as the maximal resting
pressure, and it is best to document peak and
trough pressures, as well as mean pressure. It is
important to note that there is wide variation in
resting and squeeze pressure, depending on the
methodology, and there are also variations in
repeatability studies." Resting pressure is lower
in women than in men'? and decreases with age."
Generally, a pressure of between 50 and 100ern
H20 is considered normal (Table 2.5.1).

Spontaneous relaxation of the internal sphinc
ter has been shown to occur at a mean of 7 times
per hour, " thus, a "sampling reflex" allows the
mucoas of the upper anal canal to discriminate
gas from stool. Spontaneous relaxations occur
more frequently than normal in patients with
fecal incontinence." This is caused by a rise in
rectal pressure due to rectal distension or con 
traction" mediated via an intramural neural
pathway" and known as the rectoanal inhibitory
reflex (Fig. 2.5.2).

RAR

50 Seconds100 150

Rest Squeeze Cough4

3

2

Perfusion Systems

A perfusion catheter is perfused with water at a
constant rate, from 0.4 to 0.6 mLlmin. Aminimum
of four pressure channels are generally required.
Each channel terminates at a side-hole, the first
being 2ern proximal to the tip for recording rectal
pressure. Three centimetres proximal to this is
the first of three side-holes placed 1ern apart for
recording anal pressure. One channel opens at
the tip to allow inflation of a rectal balloon. The
catheter is positioned with the distal recording
side-hole in the lowest part of the anal canal,
where the basal resting pressure is allowed to sta
bilize for 1-3 min. The subject is then requested
to maximally contract the sphincter for 3-5 s
three times at lO-s intervals. The subject is also
asked to cough forcefully three times at lO-s
intervals. In th is way both internal and external
sphincter strength are assessed.
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FIGURE 2.5.2. Rectoanal reflex. With distension of the rectal
balloon there is a rise in rectal pressure (channel 4). Pressure
falls intheupper- and mid-anal canal (channels 3 and 2) due to
internal sphincter relaxation, and then returns toward the basal
level. Pressure in the lowest part oftheanal canal rises (channel
1) due to reflex contraction of the subcutaneous external
sphincter.

This reflex is tested by rapid balloon distension
of the rectum while simultaneously recording
anal pressure. A fully deflated latex balloon,
attached to the tip of a perfusion catheter, is
inserted into the rectum. Resting anal pressure is
allowed to stabilize, and the rectal balloon is then
inflated with 20-mL increments of air. A fall in
resting anal pressure of 20%, followed by return
to the rest ing level, constitutes a positive reflex.

Electrophysiology

Manometry gives some indication of sphincter
function and can help determine whether
sphincter weakness is likely to be the cause of
symptoms. However, other tests, such as electro
myography and/or ultrasound, may be needed to
determine the underlying pathology.

Motor Nerve Conduction Studies

Pudendal Nerve Terminal Motor Latency

For further background see Chapter 2.8. Stretch
induced damage to the pudendal nerve may be
measured using motor conduction studies. Elec
trical stimulation of the pudendal nerve distal to
the ischial spine is carried out as described by
Kiff and Swash." A disposable electrode (Dantec
13L40, Skovlunde, Denmark) with an adhesive
backing is placed on the gloved index finger with
a node immediately proximal to the finger-tip
(Fig. 2.5.3).The finger is inserted into the rectum
with the tip of the finger positioned at one ischial
spine. Square-wave stimuli lasting for 0.1ms are
delivered at l-s intervals, and the amplitude is
progressively increased to 20rna. The fingertip is
repositioned until it lies over the pudendal nerve,
at which time a reproducible tracing with short
est possible pudendal latency is obtained. The
ischial spine cannot be accurately palpated in
many subjects and the correct position of the
finger is determined by a reproducible tracing
with minimum latency. The latency is defined as
the time from stimulus to the point of takeoff
when the impulse reaches the recording electrode
at the external sphincter.

The validity of this test remains in doubt, and
some institutes regard it as unreliable. In our
practice, it has become clear that the test requires
an experienced technician to produce repetitive
reliable measurements.

Normal Recordings

Initially, the average of the left and right
pudendal latencies was calculated." However,
nerve damage is often asymmetrical and
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Voluntary Contradion Pressure

The external sphincter is in a state of tonic partial
contraction, contributes about 15%of the resting
pressure,' and is controlled by the spinal Onuf's
nucleus. The external sphincter produces the vol
untary contraction pressure" and is measured as
the increase above the resting pressure (see Fig.
2.5.1). Like the resting pressure, it is lower in
women and reduces with age." The external
sphincter undergoes reflex and concomitant con
traction in response to a rise in abdominal pres
sure , and this is tested as the "cough pressure."
In some cases, a more accurate measure of exter
nal sphincter strength is obtained with the cough
pressure (Fig. 2.5.1)/ 8which should be routinely
tested during anal manometry.
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Values inparentheses arestandard deviation orrange.

TABLE 2.5.2. Normal mean pudendal latencies

Single-Fiber Electromyography

2.1 (0.2)

1.9(0.2)
1.95 (1.7-2.25)
Right 1.9(0.2); left 2.0
(0.2)

Pudendal motor latency (ms)

When a stretch-induced nerve injury occurs,
action potentials pass down the fastest conduct
ing nerve fibers that remain intact. Therefore,
significant nerve damage may occur before motor
latencies become prolonged. Examination of the
innervated muscle provides evidence of nerve
damage at an earlier stage . Single-fiber EMG is
the most accurate method of testing for denerva
tion and reinnervation of skeletal muscle, by
recording action potentials from individual
muscle fibers (Fig. 2.5.4).31 Denervation of skele
tal muscle is accompanied by reinnervation from
neighboring axons. Histological studies show the
normal random distribution of type 1 and type 2
fibers replaced by type 1 and type 2 grouping."
These changes can be measured accurately with
single-fiber EMG, which consists of a 25-llm
diam platinum wire insulated in a stainless steel
cannula,and terminating end-on at the side of the
cannula, 5 mm proximal to the tip (recording
surface = 2511m).

The changes of denervation and reinnervation
can be quantified by calculating the fiber density,
which is a measure of the number of muscle fibers
in a motor unit within the area of uptake of the
single-fiber electrode" (e.g., the average number
of fibers recorded at 20 sites in the muscle) . With
reinnervation, the number of muscle fibers within
this area increases, and the number of recorded
spikes in the action potentials increases corre
spondingly. Normal fiber density in the external
anal sph incter is 1.5 (SD 0.16);34 fiber density

For further background to this subject refer to
Chapter 2.8.

Reference

Kiff and
Swash"
Snooks et al."
Rogers et al."
Beevors et al.29

Electromyography

the latencies should be reported separately."
(Table 2.5.2) Pudendal nerve terminal motor
latency increases with age." The amount of peri
neal descent correlates with pudendal latency."
An acute, severe stretch injury during vaginal
delivery,22.23.24 or a repetitive injury due to chronic
straining at stool,":" may result in nerve damage.
This is supported by evidence of acute prolonga
tion of pudendal latency during straining in
patients with abnormal perineal descent.26 Pro
longed pudendal latencies are found in several
disorders associated with difficult vaginal deliv
ery or chronic straining at stool, including fecal
incontinence," severe constipation," hernor
rhoids," and uterine prolapse." Prolonged
pudendal latencies can differentiate minor soiling
from major incontinence."

FIGURE 2.5.3. Disposable pudendal electrode and connector
(Dantec, Denmark). The electrode is mounted ontheright index
finger with theanode at thefinger-tip, with the recording elec
trodes at thebase ofthefinger.
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Reinnervation

Anal and Rectal Sensation

The anal mucosa is richly innervated with nerve
endings and is sensitive to touch , pain, tempera
ture, and movement . Pain sensation extends
0.5-1.5 em above the level of the dentate line.
Sensory fibers travel via the pudendal nerves to
the S2-S4 nerve roots.

Mucosal electrosensitivity is one measure of
rectal sensation. Current is applied to the anal
mucosa and the sensory threshold is quantita
tively measured A ring electrode (Dantec, Skov
lunde , Denmark) is placed on a Foley catheter
with the balloon deflated. The stimulator delivers
a current lasting O.l -ms at a rate of five cycles per
second, and the amplitude is increased from zero
in OJ-rnA increments until a tingling or tapping
sensation is felt by the patient. The test is repro
ducible" and provides an accurate measure of
anal sensation. Normal median values and range"
are:

2

3

Normal

Anal sensation is an important part of the conti
nence mechanism and is reduced in patients with
neurogenic Incontinence."

Rectal sensation plays an important role in the
continence mechanism, and a sensation of rectal
filling is also an integral part of normal defeca
tion . The rectum is sensitive to distension but
lacks pain receptors. Rectal sensation is tested by
balloon distension of the rectum (Table 2.5.3) or
with mucosal electrosensitivity.

FIGURE 2.5.4. Single-fiber electrode shown superimposed on
normal muscle to demonstrate therecording surface of thewire
electrode on the side of cannula. The field of electrical uptake
involves only a small number of muscle fibers. (b) Recording of
muscle fibers in a normal muscle (above) and a denervated
muscle (below). The denervated and reinnervated muscle has
fibergrouping, resultinginalarger number ofmuscle fibers inthe
motor unit, and hence the polyphasic action potentials shown
diagramatically. (c) Single-fiber EMG recording from a reinner
vated muscle showing anormal action potential(left) and apoly
phasic action potential (right) , (Source: Stalberg and Trontelj,
1979.)

Lower anal canal (rnA)
Midanal canal (rnA)
Upper anal canal (rnA)

4.8 (3.0-7.0)
4.2 (2.0-6.0)
5.7 (3.3-7.3)

greater than 2.0 indicates denervation with
reinnervation.

Single-fiber EMGis a reproducible test." Fiber
density increases with age." It is increased in
conditions associated with stretch-induced
pudendal neuropathy, including fecal inconti
nence, rectal prolapse," urinary stress inconti
nence," and uterine prolapse ." Single-fiber EMG
is more invasive than other tests of pudendal
function. Although it is more accurate, it is often
used solely for patients in whom there is clinical
evidence of neurogenic muscle weakness, but
pudendal latency and mucosal electrosensitivity
are normal.

Balloon Distension

A balloon attached to a catheter is inserted into
the rectum, with the lower edge of the inflated
balloon lying on the pelvic floor. Three endpoints
are taken: (1) the volume first felt, which is the
rectal sensitivity threshold; (2) the volume pro 
ducing the urge to defecate; and (3) the volume
causing intolerable pain, which is called the
maximum tolerable volume. Air and water can be
used to inflate the balloon.

The ability to evacuate the rectum may be
tested by rectal balloon expulsion. A balloon is
inserted into the rectum and inflated with 50mL
warm water. The subject is instructed to expel
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TABLE 2.5.3. Rectal sensation showing balloon distension volumes in normal subjects

Balloon distension volume

Mean (ml)
(years) Urge to

Reference RST defecate MTV Method
loening- 29 17 (8) 173 (64) Bolus air

Baucke and
Anuras" 72 17 (9) 151 (61) Bolus air

Sun etal.s8 22 12 (1) 75 (10) 110 (10) Bolus air
20 (5) 128 (10) 178 (20) Continuous air

20ml/min
20 (6) 130 (12) 176 (20) Continuous water

20ml/min
43 (10) 167 (7) 230 (21) Continuous air

100ml/min
40(10) 175 (10) 216 (20) Continuous water

100ml/min

Values inparentheses are standard deviations.RST, rectal sensitivity threshold; MTV,maximum toler
able volume.
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the balloon, and if this cannot be done then it is
inflated to a point that is closer to the volume
producing the urge to defecate. However, balloon
expulsion is an unphysiological test and should
be interpreted with caution. It does form the basis
of one form of biofeedback training.

Measurement ofColonic Function

Constipation is a common clinical problem and
the objective measurement of colonic function is
essential. Symptoms that are seemingly referable
to the anorectal region may have their origin
higher in the colon in some patients, and anorec
tal function cannot always be considered in
isolation.

Colonic Transit Studies

Current techniques to measure colonic transit
time use radioopaque markers or radioisotopes.
For marker studies, all laxatives are ceased for at
least 48 hours, and 20 markers are swallowed. A
single radiograph is taken on day 5 and in normal
subjects at least 14 (80%) have been passed. The
test is a measure of whole gut transit time, but
since colonic transit time forms a large compo
nent of this, it is a useful, simple method of
assessing colonic transit time.

For radioisotope studies, the isotope is given
orally and the abdomen is scanned with a wide
field-of-view gamma camera 6, 24, 48, 72, and 96

hours after ingestion. The colon is divided in
right, left, and sigmoid/rectal segments for anal
ysis. Segmental transit is expressed in one of two
ways; either the percentage of isotope retained in
each segment and total percentage retained, or as
the midpoint of the isotope column (mean activ
ity position)." Total percentage retention is
significantly increased in patients with severe
idiopathic constipation (Fig. 2.5.5).41 The total

FIGURE 2.5.5. Radioisotope colon transit study. Subject with
severe constipation. There isprolonged retention of isotope in the
colon to 96hours.
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percentage retained is a simple measure for
clinical use and can be compared with normal
data .

Defecation Scintigraphy

Recently, colon transit scintigraphy has been
adapted as a research tool to assess the rectum
and colon during defecation. The impetus for
this arose from the hypothesis that in some
patients with obstructed defecation there may
be an underlying diffuse colonic abnormality.
Oral indium-l11-DTPA (4MBq) is given as for
standard colon scintigraphy, and then on the fol
lowing day, when the subject develops a normal
call to stool, the colon and rectum are
screened immediately before, during, and after
defecation."

Colonic Manometry

Colonic manometry is still largely a research tool,
but is now becoming clinically relevant. There is
evidence from ambulatory anorectal manometry
that vigorous colonic propulsion may cause fecal
incontinence, so that an apparently "anorectal"
condition may actually arise from the colon. Sim
ilarly, defecation is not only a process of rectal
evacuation but also involves propulsive activity
in the colon.

Colonic manometry has been studied by
placing a catheter colonoscopically into the
prepared colon." The catheter is fed manually
through the nose and checked fluoroscopically to
prevent curling in the stomach. Recording is
begun when the catheter tip reaches the rectum.

The motor events surrounding normal defeca
tion are recorded under physiological condi
tions." In the hour preceding "defecation," a
series of up to three propagating waves arise in
the proximal colon: the origin of each wavearises
progressively more distally. In the 15 minutes
before defecation, up to three propagating waves
were again seen, but the reverse pattern was seen
(each successive propagating wave having arose
more proximally). These propagating waves were
associated with the urge to defecate at the end of
the wave. There was a marked reduction of prop
agating sequences both in the distal and proxi-
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mal colon in patients with obstructed defecation
including those with anismus, suggesting a more
diffuse colonic abnormality rather than an ano
rectal abnormality alone.

Dynamic Imaging ofthe Rectum

Several methods are available. Scintigraphic
methods provide a quantitative measure of rectal
evacuation, but do not demonstrate the anatomy
of the anorectum;therefore, defecography using
barium has been more widely used.

Defecography (Defecating Proctogram)

Dynamic imaging of the rectum has been used
for over 30years." Avariety of anatomical abnor
malities and disorders of function have been
identified in patients with obstructed defecation.
Defecography does not assess defecation under
physiological conditions because it ignores the
normal sensory responses, as well as the colonic
motor events, during defecation.

The barium mixture used varies widely. A
mixture which approximates the volume and
consistency of stool is optimal, but these param
eters are variable in normal subjects. Asolid arti
ficial stool may alter the process of evacuation"
and a standard mixture has not been established.
Typically, barium is diluted 1.5:4 in water and
mixed with potato starch to form a thick paste.
The mixture is instilled while the patient lies in
the lateral position. The line of the anal canal is
defined radiologically. Lateral radiographs are
obtained with the subject sitting on a water-filled
balloon ring or plastic commode to eliminate an
air interface. X-rays are obtained at rest, while
coughing, during a Valsalva maneuver, and
during evacuation of the barium. The examina
tion room should be darkened and the number of
observers limited.

Normal Evacuation

As straining begins, abdominal pressure pro
duces a slight concavity of the anterior rectal
wall (Fig. 2.5.6). The pelvic floor descends, the
anorectal angle widens, the anal canal begins to
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FIGURE 2.5.6. Proctogram showing descent of the perineum
from theresting tothestraining position.Descent is measured in
relation to the line ofthe ischial tuberosities which are usually
clearly visualized.

open, shortens, and becomes funnel shaped .
Rectal evacuation begins and emptying is com
pleted. A slight degree of rectal wall intussus
ception may occur normally. There are very
few studies in normal controls, particularly
in young women, because of the radiation
exposure . There is wide variation in normal
values."

The anorectal angle is measured at rest, during
contraction of the pelvic floor muscles, and
during defecation. The angle measures about 90
degrees at rest, is more acute (60-80 degrees)
during contraction, and more obtuse (mean 130
degrees, range 120-145 degrees) during evacua
tion." In an individual subject, the exact mea
surement is not as important as the change that
occurs from the rest to straining positions .

Findings at Defecating Proctography

Small rectoceles are a normal finding in asymp
tomatic women." The size is measured anteriorly
from a line drawn upwards from the anterior wall
of the anal canal. Precisely what size rectocele
will cause symptoms is not defined, but a bulge
greater than 2-3 em is considered abnormal.
Failure of the rectocele to empty is an important
finding (Fig. 2.5.7).
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FIGURE 2.5.7. Proctogram showing anterior rectocele which fails
toempty after evacuation.

Intussusception is the prolapse of the rectal
wall that occurs within the rectum (rectorectal),
within the anal canal (rectoanal), or there may be
external rectal prolapse. Minor infoldings of the
rectal wall are seen in up to 45% of asymptomatic
subjects" and are considered normal. There is
debate about the clinical importance of intus
susception, particularly in relation to symptoms
of obstructed defecation."

Neurogenic incontinence is associated with
perineal descent and a widened anorectal angle
at rest. 50 There may be leakage of barium during
coughing or a Valsalva maneuvre, which is a
useful, simple test to help determine whether
sphincter weakness is the cause of the
incontinence.

Endoanal Ultrasound

The anal sphincters may be seen clearly using an
endoanal probe. Two systems are available: a
rotating 7MHz or 10MHz probe housed within
a water-filled plastic cone (Bruel and Kjaer,
Gentofte, Denmark) or a static linear 7MHzprobe.
The rotating probe provides a 360 degree horizon
tal cross-sectional image at each level, and is
inserted into the rectum and then withdrawn from
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FIGURE 2.S.8. Normal ultrasound, rotating
probe. (A) Mid-anal canal. Intract internal
sphincter (I), external sphincter (E).
(B) Anterior internal and external sphincter
defect. (Source: Dr. Peter Stewart, Sydney,
Australia.)

the top of the anal canal to the anal verge. The
linear probe produces a longitudinal image of the
entire sphincter length and recordings are taken
at several points in each quadrant.

The internal sphincter is a well-defined
hypoechoic layer. Beyond this is the thick echo
genic external sphincter ring (Fig. 2.5.8). The
internal sphincter ring is absent in the lowest
part of the anal canal. In the upper anal canal the
puborectalis is seen above the upper limit of the
external sphincter.

Abnormal Findings

The normal internal sphincter thickness increases
with age from 1mm at under 20 years to 2-3 mm
in the elderly.51Therefore a 3-mm internal sphinc
ter in a young patient is abnormal. It is thin in
patients with neurogenic incontinence, in keep
ing with the known muscle atrophy in that
condition.52

Defects in the internal and external sphincter
can be found following fistulotomy, lateral
sphincterotomy, and, in some cases, after vaginal
delivery.P'"

Endoanal ultrasound detects external sphinc
ter defects as accurately as EMG,55and has become
the procedure of choice for sphincter mapping
because it causes much less discomfort than EMG
using a needle.
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2.6
Ultrasound Imaging
Kaven Baessler and Heinz Kolbl

Key Messages

• Perineal ultrasound has an important role in
the clinical evaluation of pelvic floor dynamics
in women with stress and urge incontinence,
and pelvic organ prolapse, as follows:
- dynamic assessment of pelvic floor muscle

activity during functional task s such as
coughing and straining

- assessment of efficacy of pelvic floor
re-education

- pre and postoperative assessment
- search for pathologies, especially in women

with overact ive bladder
• Use as a Biofeedback tool in pelvic floor

re-education
• Scientific evaluation of pelvic floor dynamics to

compare women with and without pelvic floor
disorders as well as pre and post partum.

The Scope ofUltrasound Imaging of
the Pelvic Floor

Ultrasound scanning has gained popularity and
importance for nearly all body parts and func
tions. In urogynecology, bladder neck imaging
has become routine practice and has provided
another piece in the jigsaw puzzle of pelvic floor
assessment.

The advantages of ultrasound in the assess
ment of pelvic floor disorders are numerous:
there is no radiation; it is painless and may be
noninvasive, easily applied supine and standing,

and easily learned, performed, and taught; it is
accepted and easily understood by women; and it
is commonly available, is carried out by gyne
cologists, and does not require the involvement
of a radiologist. Because of the lack of radiation,
ultrasound permits prolonged imaging of pelvic
floor function, especially when used as a feed
back method for pelvic floor rehabilitation. Fluid
filled structures can be visualized without the
use of contrast medium. Perineal ultrasound
(translabial or introital ultrasound) has almost
completely replaced lateral cystourethrography
because of its advantages and similar results. ':' It
is the instrument of choice to image the dynam
ics of the pelvic floor during coughing and strain
ing. Although MRI can give very precise pictures,
it is not universally accessible and is expensive .
With the recent advance of real-time three
dimensional ultrasound, pelvic floor images
similar to those produced by an MRI can be
obtained.

Perineal ultrasound is also a noninvasive and
painless alternative to the Q-tip or cotton-swab
test, where a Q-tip is inserted into the urethra
and angles are measured during straining, cough
ing, and pelvic floor contraction.' Simultaneous
imaging during urodynamics studies is also
possible.'

Although abdominal ultrasound can give rea
sonably static and dynamic images of the filled
bladder, and also, indirectly, of a pelvic floor con
traction, by visualizing bladder base elevation,'
perineal ultrasound is usually preferred because
of its superior quality and more direct imaging.
Obesity, suprapubic incisions, and advanced

135



136

pelvic organ prolapse can make accurate and
meaningful abdominal scanning impossible. It
is, however, the approach of choice for the non
invasive observation of the concomitant or
primary action of the transversus abdominis
muscle."

Three-dimensional ultrasound of the urethra,
bladder, anal sphincter, and pelvic floor is pri 
marily a research tool, but is becoming more
used for perineal scanning. Intraurethral ultra
sound two- and three-dimensional ultrasound
scanning also remains mainly a research tool.
However, endoanal ultrasound is the gold stan
dard in the assessment of the anal sphincter in
women with fecal incontinence.

This chapter will describe the use of ultra
sound in the clinical assessment of the pelvic
floor and as a research tool in the evaluation of
the physiology and pathophysiology of pelvic
floor function. In the first part of the chapter, the
different ultrasound techniques are depicted
while the second part informs about the func
tional findings.

Applications, Equipment, and Pelvic
Floor Structures

Perineal and Introital Ultrasound

The use of a curved linear array scanner with
frequencies between 3.5 and 5 (7.5) MHz for
perineal (synonym translabial) ultrasound or an
endovaginal probe with (5) 7-lOMHz placed on
the introitus is recommended. For a perineal
ultrasound, the probe is placed on the perineum
in the midsagittal plane with plenty of ultrasound
gel to allow for good contact. The labia may have
to be parted to obtain a satisfactory image. In
contrast to endovaginal ultrasound, perineal
ultrasound does not affect the topography of the
bladder as long as there is no prolapse beyond the
introitus and not too much pressure on the peri
neal probe, as this can displace the bladder neck
cranially.' Introital ultrasound with an endovagi
nal probe may interfere with the exact assess
ment of bladder neck mobility, pelvic organ
prolapse, and pelvic floor contraction. This may
not be important in the clinical setting, but can
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be relevant when used in research. Different
bladder volumes do not seem to affect bladder
neck mobility in a clinically significant way,?-9
but bladder neck funneling is usually better
observed at higher volumes of approximately
300mlY

Depending on the purpose of the ultrasound
the probe can be applied in the supine , sitting, or
standing position. The bladder, bladder wall,
urethra, bladder neck, pubic symphysis, vagina,
uterus, rectum, anorectal junction, puborectalis
sling, anal sphincter, and ureteric jets can be
visualized. With perineal ultrasound, the urethra
appears as hypoechoic because of the smooth
muscle orientation of the urethra. The striated
urethral muscle is not easily differentiated with
perineal ultrasound, probably because of the
amount of connective tissue and fiber orientation
giving off a similar echogenicity as the sur
rounding structures. Because of the substan
tial improvement of ultrasound equipment with
better resolution, the insertion of a urethral cath
eter to demarcate the urethra and the bladder
neck with the filled catheter balloon is no longer
necessary. The vagina is hyperechoic , but is not
persistently identifiable. The insertion of ultra
sound gel into the vagina can be helpful if
required. The position and the descent of the
uterus, bladder, rectum, and an enterocele can be
determined.l":" although quantification of pelvic
organ prolapse is limited, especially when the
prolapse extends beyond the introitus. Stool and
gas can seriously disturb the images, particularly
after repeated straining.

The German Urogynecology Association has
advocated a standardization of perineal ultra
sound to assist with clinical assessment and facil
itate research. " Figure 2.6.1explains the different
measurements that can be obtained. The pubic
symphysis is used as the reference structure. Its
central axis represents the x axis and the perpen
dicular line at the inferior edge of the symphysis
represents the y axis, thus, allowing the calcula
tion of the coordinates of the bladder neck posi
tion and its mobility vectors.

According to the primary focus, the probes can
be tilted more towards the urethra and bladder
or towards the anal sphincter and rectum (Fig.
2.6.2). Tovisualize the anal sphincter muscle, the
curved probe has to be orientated on the perineum
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FIGURE 2.6.1 . The pubic symphysisserves asthereference struc
ture with the X-axis running along its longitudinal axis and the
Y-axis crossing perpendicularly at theinferior border ofthesym
physis.The rotational orangle alpha ismeasured between theY
axis and a line determined by the bladder neck position and
the inferior border of the pubic symphysis. Angle alpha is the
posterior urethrovesical angle.

perpendicular to the axis of the anal canal (Fig.
2.6.3). Although currently inferior to endoanal
ultrasound, perineal ultrasound can be used to
assess anal sphincter integrity and allows visual
ization of the mucosa, internal, and external anal
sphincter without distortion of the anatomy (Fig.
2.6.3).14.15

Paravaginal (lateral) support of the anterior
vaginal wall can be imaged by placing the ultra
sound probe transversely onto the perineum and
vaginal introitus and by orientating it ventrally
(Fig. 2.6.4).16In a transverse image, a vagina with
normal paravaginal support has a "butterfly"
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FIGURE 2.6.2. Sagittal scan/plan. Orientation ofthe ultrasound
probe according tothefocus oftheexamination.

shape (Fig. 2.6.3), which has been described as
"tenting" in three-dimensional ultrasound."

Bladder wall thickness can be measured using
perineal, introital, or vaginal ultrasound. An
increased bladder wall thickness of more than
5mm has been reported to be associated with
detrusor overactivity (Fig. 2.6.5).18 Urethral
diverticula, suburethral cysts , fibroids, tumors,
or foreign bod ies may also be detected ." Imaging
the urethral and bladder neck mobility after a
bladder neck suspension or suburethral tape
procedure can help in the assessment of post
operative voiding dysfunction (see DVD).19

Abdominal Ultrasound

To visualize the bladder base and endopelvic
fascia, suprapubic placement of the scanner with

FIGURE 2.6.3. Coronal scan.
Placement oftheultrasound probe
transverse totheaxis oftheanal
canal tovisualise themucosa and
theinternal and external sphincter
muscles without distortion.
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FIGURE 2.6.4 Coronal scan. With
placement of the ultrasound probe
transverse on the perineum and
introitus, the vagina with its lateral
support (paravaginal attachment)
can be visualised. The vagina has a
"butterfly" shape when imaged
coronally.

lower frequencies (3.5-5 MHz)is required. Higher
frequencies (5-10MHz) are recommended to
image the transversus abdominis muscle in
the horizontal (transverse) plane on the lateral
abdominal wall," Abdominal ultrasound is very
limited in the investigation and visualization
of the pelvic floor, particularly of the urethra
and bladder neck. There is no standardization
of the assessment although measurements of
the bladder displacement during a pelvic floor
contraction have been reported to be
reproducible.v"

Imaging of paravaginal support has been
attempted with transabdominal ultrasound. The
methods cannot easily be standardized because
of the lack of reference points and difficult delin
eation of the endopelvic fascia and vagina.":"
Results are conflicting and vaginal examination
remains the gold standard.

FIGURE 2.6.5. Perineal ultrasound oftheminimally filled bladder,
sagittal plane. Bladder wall thickness measured atthree different
sites. Mean measurements above 5mm are indicative ofdetrusor
overactivity.

Intraurethral, Endoanal, and Three
Dimensional Ultrasound

The equipment for an intraurethral ultrasound
ranges from 7.5- to 1O-MHz mechanically rotated
endoprobes with catheter sizes between 6.2-9
French. Intraurethral ultrasound is feasible and
has been shown to correlate wellwith histological
examinations of the urethra.i' The striated ure
thral sphincter assumes an omega-shape caused
by the loss of signal at the 6 o'clock position.":"
For endoanal ultrasound, there are sector scan
ners that cover nearly 360 degrees, and there are
mechanically rotated, 360-degree endoprobes .
Frequencies between 7.5 and 10MHz are cur
rently used, with the higher frequency producing
superior images. (see Chapter 1.7.)

There are several different scanners with 3D
facilities available, mainly curved probes, but
also endoprobes for intraurethral and endoanal
ultrasound. The use of a 3D endoanal probe to
explore the urethra at rest and during pelvic floor
contraction has been shown to be feasible." The
perineal 3Dapplication can demonstrate the rela
tionship between urethra, suburethral tape, and
vagina ." It holds great promise for the assess
ment of the pelvic floor muscle before and after
delivery as puborectalis avulsions from the pubic
bone can be identified. I?

Sonographic Evaluation ofPelvic
Floor Function

Valsalva, Straining, and Coughing

Imaging of the position of the bladder neck at rest
and during coughing, straining, and pelvic floor
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contraction and assessment of bladder neck
mobility are currently the cornerstones of peri
neal ultrasound scanning. Position and mobility
of the bladder neck can reliably be measured
using a coordinate system with the pubic sym
physis as a reference point."

The bladder neck position at rest is signifi
cantly lower in the upright position compared
with the supine position.f":" Bladder neck
descent during straining or a Valsalva maneuver
in young, nulliparous, continent women has been
reported between 0 and 40mm.27

-
30 To distin

guish between normal bladder neck mobility
and bladder neck hypermobility, a cutoff value
of 5mm 29,31 or 14mm 32,33 has been used. However,
bladder neck hypermobility is not clearly defined.
Confounding factors include the difficult stan
dardization of a Valsalva maneuver (forced expi
ratory effort against a closed glottis to increase
intrapleural pressure, resulting in bradycardia
and hypotonia) and that it is a nonphysiological
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test that might result in concomitant pelvic floor
contraction instead of relaxation in some
women." Table2.6.1presents bladder neck mobil
ity measurements during Valsalva and coughing
obtained in different studies.

In a normal subject, the bladder neck is usually
stabilized during coughing as part of the abdomi
nal/pelvic floor muscle coactivation." Therefore,
bladder neck mobility is not as extensive during
coughing as during straining.l":" Furthermore,
bladder neck mobility is significantly reduced
when a pelvic floor contraction is performed
before coughing ("the Knack")." In continent
nulliparous women, without the Knack, the
bladder neck was displaced by a median of4.6mm
(up to 19.5mm); with the Knack, the median dis
placement was zero (up to 17mm). This effect was
not as manifest in stress incontinent women
who might have susta ined damage to the pelvic
floor, its innervation, or the fascial support
structures."

TABLE 2.6.1. Measurements of bladderneck mobility and posterior urethrovesical anglein different populations

Bladder neck mobility on
Valsalva Author Continent controls Incontinent subjects P

60cmH,O Peschers" young NP, n= 39
14±9mm(2-31)

Dietz" young NP, = 106 young NP, SUI, n= 10 0.7
17±9mm 18±10mm

40cmH,O Reed'9 premenopausal NP, n= 48
6.3 ± 0.42 mm (0-18.7)

Howard" young continent NP, n= 17 9-12 months pp, Vo, PP, 0.42
12.4± 4.7mm SUI, n= 23
young continent PP,n= 18 14.8±6.4mm
14.5±7.0mm

maximal straining Chen's various complaints, no <0.001
POP, n= 78

Supine: 18.1 ±4.6mm
Standing: 16.1 ± 3.4mm

Bladder neck mobility on Peschers" n=39
Coughing 9± 6mm (4-32)

Howard" young continent NP, n= 17 9-12 months pp, vo, PP, 0.001
8.2±4 .1 mm SUI, n= 23
young continent PP, n= 18 13.8 ± 5.4mm
9.9±4.0mm

Miller' young continent NP,n= 11 <0.001
median 5.4 mm, range 20
with "Knack"

median 2.9mm, range 18.3
Posterior urethrovesical Alper" continent age-matched,n= 50 SUI, n= 50

angle Rest:93 ± 5°(85-110) Rest: 95± 11 (70-117) <0.001
Valsalva:96± 8 (85-130) Valsalva: 103 ± 16 (84 - 142) <0.001

NP = nulliparous, PP = primiparous, SUI = stress urinary incontinence,pp= post partum, Vo = vaginal delivery.
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After vaginal delivery, there was a significant
loss of bladder neck support at rest and increased
bladder neck mobility during straining. The
position of the bladder neck at rest and during
straining was lower postpartum compared with
nulliparous controls and with women who had an
elective cesarean section.":":"

Bladder neck funneling during coughing and
straining is often visible in stress incontinent and
parous women, but has not been demonstrated in
continent nulliparous women.f -" Intravesical
contrast medium can help delineate the bladder
neck and potential funneling during straining
or coughing.P'" Color Doppler has successfully
been used to demonstrate urethral leakage,
although the stress test probably remains the
gold standard."

The posterior urethrovesical angle (Fig. 2.6.1)
significantly increases during straining in both
continent and stress incontinent women (Table
2.6.1).42 Stress incontinent women displayed a
significantly greater angle at rest and while
straining than continent women." The posterior
urethrovesical angle was significantly increased
six weeks after childbirth (67 vs. 57 degrees pre
partum)." Nulliparous controls had a smaller
angle compared with postpartum women (44 vs.
67 degrees).

The bladder neck-symphysial angle (Fig. 2.6.1)
has been suggested to identify women with stress
urinary incontinence better than bladder neck
mobility. The angle was significantly greater at
rest and Valsalva in stress incontinent women
compared with continent women of similar age
and other demographics." The angle correlated
reasonably with digital pelvic floor contraction
assessment and vaginal perineometry using an
air-filled pressure transducer."

Pelvic Floor Contraction
Provided that the subject can perform a sufficient
pelvic floor contraction and the attachment of
the anterior endopelvic fascia to the puborec
talis muscle is intact, the cranial and ventral ele
vation of the bladder neck elevation during a
pelvic floor contraction is clearly visible on
perineal ultrasound (see DVD). This pattern can
be used for pelvic floor education, as the images
with the pelvic floor structures are easily under-
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stood by the women. The displacement of the
pubocervical fascia during a pelvic floor contrac
tion can also be measured transabdominally'
and has been reported between 8.2mm and
17mm, respectively, depending on primary
transversus abdominis or pelvic floor
contraction."

Using perineal ultrasound, bladder neck eleva
tion during a voluntary levator ani muscle con
traction has been shown to significantly decrease
after vaginal delivery and to return to antepar
tum values after 6-10 weeks in most women."

The thickness of the pelvic floor muscle can be
measured perineally, with the ultrasound probe
placed paramedially in the sagittal direction."
Nulliparous continent women had a significantly
thicker pelvic floor muscle at rest (median
0.77ern)and during contraction (median 0.99ern)
than incontinent nulliparous women (median
0.60em and 0.83em, respectively).

Micturition and Defecation
Perineal ultrasound imaging during micturition
in the physiological sitt ing position demonstrated
that the bladder neck opens in continent volun
teers and incontinent patients. In most women,
there was also bladder neck descent." Similarly,
perineal imaging during defecation (evacuation
of ultasonographic gel) in the unphysiological
left-lateral position documented a widening of
the anorectal angle and descent of the anorectal
junction." These investigators also used the sym
physis-based coordinate system for their mea
surements, which correlated well with results
obtained with conventional defecography.

Ultrasound asa Biofeedback Tool
Biofeedback via ultrasound can be given to
enhance understanding and improve pelvic floor
function during (before = Knack) coughing and
straining.f:" The "Knack," a pelvic floor contrac
tion that is generated before coughing or sneez
ing to prevent urinary leakage, can be taught
using perineal ultrasound.P'" The knack has
been confirmed to improve the stability of the
bladder neck during coughing. Straining and
Valsalva are not exactly physiological activities
but can be used as a substitute for activities that
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involve increased intraabdominal pressures like
nose-blowing, defecation, bending, or playing a
wind instrument. In conjunction with perineal
ultrasound, abdominal ultrasound is a valuable
instrument in assessing the synergy of the pelvic
floor and deep abdominal muscles. It can be used
for pelvic floor re-education especially for retrain
ing of functional tasks that result in urinary
leakage in the individual subject. 50

Visual feedback via endoanal ultrasound has
been studied in patients with fecal incontinence.
Biofeedback with endoanal ultrasound and anal
manometry did not prove to be of additional
benefit compared to digital feedback."

Conclusion

Ultrasound is an excellent tool to assess pelvic
floor function and dysfunction and is suitable as
an instrument for biofeedback-directed pelvic
floor (re)-education.
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2.7
Magnetic Resonance Imaging
Thomas Treumann, Ralf Tunn, and Bernhard Schussler

Key Message

The aim of this chapter is to briefly introduce the
technical background of MRI, to provide insight
into the anatomy of the pelvis and pelvic floor, to
outline the possible damage to the pelvic floor
(part 1), and to depict dynamic changes in the
pelvis and pelvic floor during contraction, strain
ing, and defecation (part 2).

Introduction and Technique

Stress urinary incontinence and genital prolapse
are clinical entities that originate from changes
of soft tissue structures, i.e., pelvic floor muscles
(PFMs), nerves, and connective tissues, sur
rounding the pelvic organs . Clinical examination
of the perineal region, the PFMs, the vagina, and
rectum at rest, at Valsalva maneuver, and during
PFM contraction (see Chapter 2.1) allow for a
basic assessment of various parameters, such as
hypermobility of the urethra, muscle function,
and pelvic organ prolapse. However, when metic
ulous assessment of the underlying changes in
anatomy is needed, imaging techniques may offer
better insight.

Imaging techniques, when applied for this
purpose, should meet the following criteria:

• Large field-of-view imaging. This gives an
overview over the pelvis and the pelvic floor
with the position, size, and structure of the
pelvic organs.

• High spatial resolution and high soft tissue
contrast. This allows for the separate visualiza-
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tion of structural damage to pelvic organs
and pelvic floor structures, e.g., as a result of
childbirth.

• Cross-sectional images in various planes. This
allows for a three-dimensional understanding
of organ position and movement.

• Generation of dynamic sequences. This offers
the ability to depict changes in the pelvic floor
and pelvic organ prolapse during contraction,
coughing, and straining.

The cross-sectional imaging techniques currently
being used are ultrasound (US),computed tomog
raphy (CT), and magnetic resonance imaging
(MRI). Apart from the fact, that MRI is the most
expensive of the three techniques, it is the only
technique that matches all four requirements;
therefore, it is superior to US and CT in pelvic
floor imaging.

When conservative treatment is planned, MRI
is not a necessary precondition. However, it
serves well for two reasons:

1. To understand functional anatomy of PFMs
and sphincters under dynamic conditions and,
thus, to enhance the results of clinical inspection
and palpation in dysfunction of the pelvic floor.

2. To visualize soft tissue damage.

MRI Technique

Magnetic resonance imaging is based on the
property of magnetism of the atomic nucleus of
hydrogen. Hydrogen is present in nearly every
molecule of the human body. When exposed to
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an external magnetic field, the nucleus of the
hydrogen atom begins to rotate around the lon
gitudinal axis of the magnetic field. In this state ,
the nucleus can be excited by radio frequency
electromagnetic waves. After some time, the
nucleus is emitting the absorbed energy in the
form of similar radiofrequency waves. This is
called the relaxation process . The answering
waves can be registered by an antenna outside the
patient and are used for the calculation of cross
sectional images. The images have a high soft
tissue contrast. By applying different forms of
radio frequency excitations, the tissue contrast
can be varied. Thus, tissues can be characterized
by MRI. The main image-contrast types are
called Tl-weighted and T2-weighted images.
Images with intermediate contrast are called
proton density (PD) images.'

A single MR image represents one slice of the
human body. A slice is characterized by its
imaging plane (transverse, coronal, or sagittal)
(Fig. 2.7.1), by its slice thickness (i.e., l-lOmm or
more), and by its position in relation to the center
of the magnetic field. Images are depicted in two
ways:

onal Plane

FIGURE 2.7.1. Magnetic resonance imaging imaging planes.
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1. Multiple parallel slices with the same tech
nical characteristics (plane, resolution, and con
trast) , acquired together as a block or stack of
images over a certain period of time.

2. As a dynamic sequence of the same image
at different points of time, repeated at the same
position, while the patient is exercising (e.g., con
traction or straining). A sequence of such images
is a dynamic sequence and can be arranged as a
movie (see DVD).

Static MRI

Anatomy, Normal Variation, and Pathology

The best results for static imaging are obtained
in high-field MR systems with a magnetic field
strength of 1.5 Tesla units. Such systems are
closed ring units with a tube-like gantry in hori
zontal orientation, where the patient is brought
into the magnet in the supine or prone position.
For pelvic organs, T2-weighted images are supe
rior to Tl -weighted images. For PFMs,PD images
are superior to Tl- and T2-weighted images. The
spatial resolut ion should be below 1mm. The
slice thickness should be 3mm or 4mm. Acquisi
tion time for a series is usually between 3 and 5
minutes, depending on the characteristics of the
MRI system and on the spatial resolution of the
image resolution.

Static MRI of the pelvic floor in the supine
position holds great promise because ofits poten
tial for identifying injuries to muscles and fascia
of the pelvic floor. It allows muscle thickness to
be measured. Anatomical variation between
normal women, as well as anatomic changes in
pelvic floor dysfun ction, can be studied.

Although static MRI is not yet ready for clini
cal use, visualization of the anatomy and defects
may contribute to a better understanding and,
hence, better conservative treatment of patients
with pelvic floor disorders.

MRI: Anatomy inHealthy
Nulliparous Women

At the level of the middle and proximal urethra,
the levator ani muscle sling (the puborectalis and
pubococcygeus portion) is seen to the left and the
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FIGURE 2.7.2. Axialsection atthe level ofmiddle urethra showing
difference in levator ani muscle thickness and configuration. In
this and subsequent illustrations, two individuals are compared
withone displayed in theleft column and theother in theright
column. a represents athinmuscle (31-year-old nullipara) and b

right, surrounding the levator hiatus and rising
from the inside of the pubic bone. Length,
area, and volume measures of the levator ani
muscle vary considerably in continent nullipar
ous women, with two- to threefold differences
between the minimum and maximum measure
(Fig. 2.7.2). In 10 % of the women investigated, a
visible attachment of the levator ani muscle to the
inside of the pubic bone is absent on both the left
and the right (Fig. 2.7.3), and in another 10% it
absent on only one side. This finding is associated
with a significantly greater mean urogenital
hiatus area, measured on an axial plane at the
level of the proximal urethra, compared to those
with an intact levator ani muscle attachment.

athicker muscle (36-year-old nullipara).Note also thatthe muscle
isshaped more like aVin a and more like a Uin b. The closed
arrowhead marks the right levator ani muscle and the open
arrowhead marks the insertion ofthearcus tendineus ofthe fascia
pelvis intothe pubic bone inb.

At axial planes at the level of midurethral
attachment to the arcus tendineous fasciae pelvis
(DeLancey level III), the intact morphology of the
endopelvic fascia is shown with a typical vaginal
configuration because of the musculofascial con
nection between the lateral vaginal wall and
levator ani muscle.' The anterior vaginal wall has
a symphysis -oriented, concave (hammock-like or
"butterfly-shaped") configuration at the level of
the middle/proximal urethra in all of the nullipa
rous women investigated (Fig. 2.7.2). Because
of technical difficulties, such as slice thickness,
of the MRI images, however, direct attachment of
the vaginal wall to levator ani muscle at the level
of attachment of the urethra and the bladder base

FIGURE 2.7.3. Levator ani muscle thick
ness (closed arrowhead) shown oncoronal
images at the level of the urethra (aand
b) and the level of the rectovaginal space
(eandd) comparing thinmuscle (aand
c; 31-year-old nullipara) with a thicker
muscle (b and d; 28-year-old nullipara).
Note that the levator ani muscle ends at
the perineal membrane (open arrow
head). The puborectal muscle isselected
ind (*). B=bladder, 01 =obturator inter
nus muscle, R=rectum.
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(DeLancey level II and III) (Fig. 2.7.4), as well as
the arcus tendenious of the pelvic fascia, is not
clearly visible in all women.

The three layers of the urethra (mucosa, sub
mucosa/smooth muscle, and striated muscle
layer) are reproducible with MRI. The striated
muscle layer is composed of the circular shaped
external urethral sphincter muscle, the omega
shaped compressor urethral muscle (proximal
urethra; the muscle is covering the anterior part
of the urethra and vaginal wall, respectively), and
the urethrovaginal sphincter muscle (middle
urethra). This composition of the striated muscle
layer of the urethra causes the dorsal part to
appear smaller compared to the lateral and ante
rior part (Fig. 2.7.4). There is also a great varia
tion in diameter area or volume measures of
these muscles, which parallels findings in the
levator ani muscle.
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Reversible and Permanent Birth-Related
Changes ofthe Levator Ani Muscle

Having understood variations of normal found
by MRI, investigating women after childbirth is
an exciting technique to elucidate birth-related
changes within muscle and connective tissue . As
expected from clinical understanding, a com
plete loss of levator ani tissue was found in a few
women only.' In all women, however, by 1 day
postpartum, the T2-weighted signal intensity of
the levator ani muscle was higher compared with
the obturator internus muscle. By6 months, these
differences had disappeared in most women.

The change in MR signal intensity suggests a
change in the chemical composition of the muscle
during the first 6 months after delivery. There are
several possible explanations for these observed
changes . An increase in extracellular fluid,

FIGURE 2.7.4. Axial planes at the level of themiddle urethra (a
andb)and bladder base (candd)showingthedifferences inthe
relationship between the vagina and the levator ani muscle
(closed arrowhead); both adirect connection ina31 -year-old nul-

Iipara (a, open arrowhead; b,closed arrow) and an indirect con
nection ina 29-year-old nullipara (b, open arrowhead; d, closed
arrow) are seen. B=bladder, 01 =obturator internus muscle, R=
rectum.
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FIGURE 2.7.5. Changes in T2-signal inten
sity of the LA (arrow) on transverse
sections following spontaneous vaginal
delivery.32-year-old woman, para 3,(a,b)
with higher signal intensity 1day postpar
tum (a) and normal muscle signal intensity
6 months postpartum compared to the
obturator internus muscle (arrowhead).

glycogenolysis, and accumulation of lactate are
known causes of changes in muscle signal inten
sity. Such changes are reflected by an increase in
signal intensityon T2-weighted sequences (lighter
muscle) and are reversible (Fig. 2.7.5, a and b}Y
Changes in signal intensity caused by a decrease
of striated muscle and increase of connective
tissue or fat content in the levator ani muscle are
permanent (Fig. 2.7.5, c and d, and Fig. 2.7.6}.5

Vaginal birth may lower the perineum and
stretch the levator hiatus. However, significant
changes at 2 weeks postpartum are suggestive of
a return of normal levator ani geometry.' Eleva
tion in perineal body position, as well as a
decrease in the area of the urogenital hiatus by
27% and of the levator hiatus by 22%. Although
the elongation of the muscle, which is reflected by

the increased size of the urogenital hiatus and the
descent of the perineal body, returns to normal
in the resting supine position relatively rapidly,
the internal chemical changes are not completely
back to normal as late as 6 months after delivery.
This may reflect different types of parturition
induced changes. In multiparous women the
signal intensity of the levator ani muscle needs a
longer time (6 months) to return to normal com
pared to primiparous women (2 months).

As one with clinical experience might expect,
remarkable variations in levator ani structure
changes are found among different individuals.
One woman's delivery may leave the pelvic floor
almost unchanged, whereas others may have
profound changes in muscle geometry and
signal intensity. Larger studies are necessary to

FIGURE 2.7.6. T2-weighted transverse
sections atthelevel ofthebladder neck of
a 20-year-old woman, para 1, after spon
taneous vaginal delivery showing disap
pearanceofLA signal atdifferentfollow-up
times. (a)Disrupted LA signal in thepara
vaginal region ontheright (arrow) isseen
2 weeks postpartum. (b) Lack of visible
signal in the area ofthe right LA (arrow)
6 months postpartum suggests atrophic
changes.
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define the variations in normal recovery and to
determine what extent postpartum MRI changes
are associated with long-term pelvic floor
dysfunction.

Women with Stress Urinary Incontinence

Comparing the anatomy of the urinary conti
nence mechanism in nulliparous continent
women and women with stress urinary inconti
nence shows a wide range of overlapping find
ings.2

,6 Changes such as the loss of the symphyseal
concavity ("butterfly" shape) of the anterior
vaginal wall are significantly more common in
women with stress urinary incontinence, but
have also been reported in women without symp
toms and, hence, could be both constitutional
and delivery related .?"

However, recent data in a large series of
women with stress incontinence have revealed
relevant pathomorphologic changes of the levator
ani muscle, endopelvic fascia, and urethra." In
the levator ani muscle, unilateral loss of sub
stance in approximately one third of women, a
higher signal intensity in approximately one
quarter, and alterated origin in approximately
one fifth (Fig. 2.7.7). The discovery of an absence
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of the levator ani origin at the pubic bone in some
continent nulliparous women, which was associ
ated with a significantly larger urogenital hiatus,
makes one suspect that these women have a
higher constitutional risk for the development of
pelvic floor dysfunction.

The association of changes in signal intensity
associated with morphologic and biochemical
muscle changes have been confirmed by studies
comparing MRI and histologic findings. MRI
findings also correlate with the results of electro 
myography studies." The increased signal inten
sity can, thus, be explained by histologically
demonstrated myogenic changes of the PFMs.

The urethral sphincter muscle shows a reduced
thickness in its posterior portion (37%), an omega
shape (13%), or higher signal intensity (50%);
configurations that are considered abnormal
were associated with an increased signal inten
sity in 70% of women with stress urinary incon
tinence. Central defects of the endopelvic fascia
were present in 39% of women and lateral defects
were present in 46%.There was a significant asso
ciation between loss of the symphyseal concavity
of the anterior vaginal wall and lateral fascial
defects and levator ani changes. These findings
confirm theories on the pathogenesis of stress

FIGURE 2.7.7. Axial PO-weighted MR images at the level of the
proximal urethra showing different defects of the levator ani
muscle (solid arrowheads) inwomen with stress urinary inconti
nence. (a) Bilateral nonvisualization of theorigin of the levator
ani at the pubic bone while originat the arcus tendineus levator
ani (AlLA) is seen (solid arrows) in a 34-year-old woman with
stress urinary incontinence. (b) Intact levator ani onthe leftwith

depiction ofitsorigin atthe inner surface ofthe pubic bone (open
arrow) and atrophy ofanterior muscle portions onthe right where
only itsorigin atthe AlLA isdepicted ina48-year-old woman with
stress urinary incontinence. Increased signal intensity of the
levator ani relative to theobturator internusmuscle ina51-year
old woman withstress urinary incontinence.
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urinary incontinence, such as the hammock
hypothesis by Del.ancey" and the integral theory
by Petros and Ulmsten. " In both theories the
intact attachment of the vaginal wall to the levator
ani muscle are considered crucial for maintain
ing continence.

Dynamic MRI ofthe Pelvis

For this technique, the best results are obtained
in high-field systems, with the patient in a supine
position." Although it may be difficult for the
patient to contract, strain, and defecate in the
supine position, dynamic MRI in closed magnets
is preferred to MRI in open upright devices such
as the Ponare system because closed high-field
units offer much better image contrast, spatial
resolution, and temporal resolution, and there
fore allow for more precise evaluation of the
pelvis and pelvic floor. Procedural restrictions
seem not to playa major role. Comparison of the
two methods has shown that no significant
pathology was missed in the supine position
compared with the upright position during
dynamic MRI.14

As the urethra, the urethral sphincter, the
vagina and uterus, the anal sphincter, the anal
canal, the rectum, and the coccyx are located in
the midline of the pelvis, this plane offers optimal
insight into the organs, as far as their reaction to
PFM contraction and straining is concerned. It
has to be kept in mind, however, that the puborec
talis muscle sling is mainly located lateral to the
midline and is not seen in midline MRIs, except
for the small part going around the anus posteri
orly. The function of the puborectalis muscle is
assessed indirectly by observation of the shorten
ing and widening of the anogenital hiatus (Fig.
2.7.8, A-C).

Standard Reference Lines14

For the interpretation and grading of perineal
descent and organ prolapse , three main reference
lines are used (Fig. 2.7.9):

1. The pubococcygeal line (PCL)
2. The hiatus line (H-Line)
3. Descent of the pelvic floor (M-Line)

T. Treumann et al.

The pubococcygeal line represents a fixed static
line from the posterior point of the pubis sym
physis to the last visible coccygeal or sacrococ
cygeal intervertebral disk. The H-Line represents
the level of the puborectalis muscle sling and
leads from the symphysis, to the muscle sling
posterior, to the rectoanal junction. Its length
represents the width of the anogenital hiatus.

As a measure for the position of the muscular
pelvic floor in relation to the bony pelvis, a third
line is introduced. The M-line measures the dis
tance of the puborectalis muscle sling to the
PCL.IS

In asymptomatic nulliparous women, the posi
tion of the pelvic floor does not exceed 2em below
the pubococcygeal line at rest and Sem during a
Valsalva maneuver. The width of the hiatus
(H-Line) is between 4 and 6cm at rest, not exceed
ing 8.Scm during Valsalva. An H-line of more
than 9em is considered to be pathologic.

The depth of a rectocele is measured as the
distance from the center of the anal canal to the
anterior wall of the rectocele. Anything less than
3em long is not called a rectocele. The depth of a
cystocele is measured as the distance from the
internal urethral orifice to the lowest point of
the bladder wall. A cystocele starts at 1em in
length.

Visualization ofPFM Function

Dynamic MRI sequences (see DVD) visualize
PFM function and changes in the pelvic organs
under various conditions. For physiotherapy
treatment, the understanding of the following
standard situations of the pelvic floor is impor
tant (Fig. 2.7.8, A-C):

1. Pelvic floor at rest
2. Maximum contraction of the PFMs
3. Maximum relaxation of the PFMsand descent

of the pelvic floor and organs during Valsalva
maneuver and defecation.

Pelvic Floor at Rest

Dynamic MRI investigation of the pelvic floor
starts with the pelvic floor in a resting position
(Fig. 2.7.8A) at normal intraabdominal pressure.
Anteriorly, the abdominal wall is seen. The pelvic
organs are supported by the pelvic floor. Within
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FIGURE 2.7.8. A.12 - weighted images of a 26 year old nullipa
rous woman (midline section) Position of pelvic organs at rest.
Abd.w. =abdominal wall, Sym. =Symphysis pubis, Urin. 81. =
Urinary bladder, U. =urethra, Ut. =uterus, Rect. =rectum, Coco =
coccyx, PRM = puborectalis muscle (midline part), An. = anal
sphincter and canal. B.Position ofpelvic organs during contrac
tion of the pelvic floor muscles. C. Position of pelvic organs Val
salva maneuver.

the pelvis, from anterior to posterior, the urinary
bladder, the vagina, and the rectum can be iden
tified. The urethral sphincter muscle is seen
below the urinary bladder. The bladder contains
urine, and the rectum and vagina are filled with
contrast medium.

The puborectalis muscle sling can be identified
posterior to the rectoanal junction. Posterior to
the anorectum, the anococcygealligament leads
to the coccyx. The sacrum, coccyx, and analliga
ment form the posterior border of the pelvis. In
coronal images, the ileococcygeus muscle is seen
as a curved structure leading from the perineum
to the inner surfaces of the ischium and os pubis.
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Anteriorly, the puborectalis muscles are seen in
cross-section lateral to the vagina and urethra.

Pelvic Floor Contraction

During contraction, the ileococcygeus muscle
elevates the pelvic floor, and the puborectalis
muscle sling shortens the anogenital hiatus.
Pelvic floor contraction elevates the pelvic organs
upwards and moves the urethra towards the
back of the pubic symphysis . (Fig. 2.7.8 B)
Because the coccyx has remained mobile, it is
pulled anteriorly by tension on the anococcygeal
ligament.

B
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FIGURE 2.7.9. For quantification ofprolapse onMRI, thefollowing
reference lines have gained acceptance:
1. The PCl level (PCl)
2. H: The width ofthegenital hiatus
3. M:The level ofthePFM in relation tothepubococcygeal level

Quantification of pelvic muscle contraction is
completed by measuring the anogenital hiatus
width and the muscular pelvic floor position in
relation to the PCL, and then comparing these
findings to the corresponding values at rest . An
elevation of the pelvic floor and a shortening of
the hiatus of 1em are normal values for pelvic
floor contraction (Fig. 2.7.9).

Pelvic Floor During Valsalva Maneuver

Valsalva maneuver is performed by increasing
the intraabdominal pressure while relaxing the
PFMs. This leads to a descent of the pelvic floor,
widening of the anogenital hiatus, elongation of
the anococcygeal ligament, and the posterior
movement of the pelvic organs. (Fig. 2.7.8 C)

In the anterior compartment, the urethra and
the bladder rotate around the posterior aspect of
the pubic symphysis.

In the middle compartment, the vagina and
the uterus normally move posteriorly. In genital
descent, the vagina shortens and descends , and
the uterus goes into an upright position into the
longitudinal axis of the vagina and may descend
within the vagina down to (descent) or below the
pelvic floor (prolapse).

T. Treumann et al,

In the posterior compartment, the anterior
rectal wall may bulge the posterior vaginal wall.
The posterior vaginal wall may be bulged inside
the vagina or everted to the outside .

During defecation, the anterior wall of a recto
cele can move towards the anal canal, leading to
a low intussusception. If the puborectalis muscle
sling does not relax during Valsalva, the rectum
can be compressed between anococcygeal liga
ment and the peritoneal sac or the uterus, leading
to stool-outlet obstruction or fragmented defeca
tion. In addition to that, the rectum can develop
an internal intussusception at the point where
the rectum is pressed over the hypomochlion of
the ileococcygeus muscle (see DVD).

The pouch of Douglas usually ends at the
vaginal vault. As an anatomic variation, the
pouch of Douglas can extend between the rectum
and the vagina . Investigations in nulliparous
women have shown that the pouch of Douglas
can extend as far down as to the level of the pelvic
floor, thus, totally separating the posterior
vaginal wall from the anterior rectal wall. This is
suggested to be the origin of a posterior entero
cele later in life (Fig. 2.7.10).16 Recurrent pressure
upon the pelvic floor, relaxation of the PFM, or
ventral dislocation of the anterior compartment
(e.g., Burch Colposuspension) may lead to a
gradual widening of the pouch of Douglas and to

FIGURE 2.7.10. Open pouch ofDouglas in a 56-year-old female.
Arrows indicate entrance and end ofthis pocket.
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FIGURE 2.7.11. A. Images ofa 72-year-old female with perineal
descent and an enterocele twenty years after hysterectomy. At
rest, there isnormal position ofthepelvic organs. Urinary bladder
(Urin.bl.) is filled with urine. Vagina (V) and rectum (Rect) are
filled with ultrasound gel. B. During Valsalva manoeuvre, the
levator ani is totally effaced and elongated. An enterocele con
taining sigmoid colon (Ent) protrudes into thespace between the
vagina (V) and the rectum (Rect). Part ofthe posterior vaginal
wall is everted (arrows due to an enormous descent of the
perineum relative totheplane between theinterior border border
ofthetuber ishiadicum. Furthermore, theanterior rectal wall as
well astheposterior vaginal wall are pushed outwards.).* =ure
thral orifice. pb=perineal body. C. MRI ofthesame patient after
defecation: After examination ofthe rectumthis space is filled
with theperitoneal sac, which is descending down totheperineum
and everting parts oftheposterior vaginal wall (arrows). Hiatus
width (H) is abnormal with 10 em. Position of muscular pelvic
floor (M) in relation to PCl is abnormal with 7em. (* =anus)
(pb =perineal body)

the development of an enterocele. An enterocele
is the descent of peritoneal fat, sigmoid colon, or
small bowel within the perineal sac down to the
perineum, between the rectum and vagina . Such
an enterocele can bulge or evert the posterior
vaginal wall, similar to a rectocele. It can also
evert the anterior rectal wall into or out of the
anal canal. MRI is the method of choice to dif
ferentiate if prolapse of the posterior vaginal wall
is caused by a rectocele, an enterocele, or both
(rectocele first; enterocele after defecation).

Laxity of the pelvic floor can cause a balloon
ing of the perineum, thus, effacing the gluteal
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crease. MRI has shown that these changes in
outer shape are the result of a tremendous elon
gation of the PFMs and the anococcygeal liga
ment (Fig. 2.7.11, A and B).

Significance ofDynamic MRI ofthe
Pelvic Floor

Dynamic MRI is a method to quantify the
laxity and descent of the pelvic floor and to
depict abnormal behavior of the pelvic organs
during strain and contraction. MRI is of

B
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importance for pelvic organ prolapse and
dysfunctional defecation.

As far as the anterior compartment is con
cerned, MRI and ultrasound findings are similar.
In the posterior compartment, MRI is superior to
clinical evaluation and ultrasound in the detec
tion and differentiation of rectoceles and entero
celes, causing a bulge of the posterior vaginal
wall. It has to be kept in mind, however, that the
hernial sac can contain structures that are not
located in the midline. To get these structures
into the images, additional planes (transverse,
coronal) are required. However, this is not part
of the standard investigation protocol. Some
times, the final answer is given only during
surgery. For rectal intussusception, MRI is the
only imaging method for detection. For rectal
prolapse, MRI can be used to differentiate rectal
mucosal prolapse from rectal wall prolapse.
Mobility of the coccyx can be assessed by MRI,
but the role of the coccyx function and dysfunc
tion of the pelvic floor is not quite clear. The
coccyx probably does not playa major role.
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2.8
Electrophysiology
Clare J. Fowler and David B. Vodusek

Key Message

Nerve and muscle cells produce and conduct
electrical activity. Two main types of investiga
tions are used - electromyograph, to detect
signals for striated muscle, and conduction
studies, which employ electrical, magnetic, and
mechanical stimuli to detect sensory, motor, and
reflex responses of the nervous system. These
tests may be used to investigate patients with
central and peripheral nerve lesions affecting
the urogenital anal region and for research
purposes.

Introduction

Movement is achieved by activation of the motor
units in muscles. A motor unit is defined as all
muscle fibers within an anatomical muscle that
are innervated by the same motor axon. The
essential components of the motor units are
shown in Figure 2.8.1. Coordinated muscle activ
ity, voluntary activation of a muscle, and the
resting tone of the muscle are determined by the
pattern of activations of motor neurons, which lie
in the anterior horn of the spinal cord. Activation
results from descending spinal input and seg
mental spinal reflexes.

Skilled voluntary movement, as needed to
perform tasks which requ ire manual dexterity
need individual motor units to be activated in a
highly refined pattern generated by the motor
cortex. In contrast, patterns of act ivation of axial

muscles necessary to maintain posture arise
from the vestibular nuclei and reticular forma
tion. More detailed information about general
motor control can be found in a number of stan
dard physiotherapy texts. Motor units of muscles
that comprise the pelvic floor are tonically active.
Unlike most other skeletal muscles, this activity
cannot be voluntarily suppressed, except as part
of the coordinated process of micturition or def
ecation, which requires relaxation of the pelvic
floor.

As explained in preceding chapters, the
muscles of the pelvic floor include those that
form its base and provide general support to the
pelvic organs, i.e., the pubococcygeus and levator
ani and, as separate structures, the striated
muscle of the urethral and anal sphincters. It
seems likely, although is by no means proven,
that whereas the muscles that provide pelvic
organ support are activated in response to pos
tural changes and changes in pressure within the
abdominal cavity, control of the sphincters is
more intimately related to the function of the
bladder and rectum, respectively.

Striated Muscle Activity and
Electromyography

Urethral Sphincter

This small circular muscle surrounding the
urethra has a critical role in urinary continence.
Studies in experimental animals and humans
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FIGURE 2.8.1. Schematic representation ofa motor unit showing
themotor cell body, its myelinated axon in theperipheral nerve,
and muscle fibers, which are all innervated by thatmotor axon.

have shown that activity in this muscle increases
with increasing bladder distension. This is part
of the "guarding reflex," which is organized at a
spinal level. Increases in motor unit activation
occur with sudden rises in abdominal pressure,
such as occur during coughing, sneezing, etc.

Voiding is achieved by the activation of a group
of neurons that lie in the dorsal part of the pons
that send inhibitory input to Onuf's nucleus in
the sacral spinal cord, the nucleus formed by the
anterior horn cells that innervate the urethral
sphincter. Cessation of motor unit activity in the
sphincter is the first recordable event of volun
tary micturition, and th is is followed some
seconds later by a contraction of the detrusor
smooth muscle. This coordinated sphincter
relaxation and detrusor contraction depends on
intact spinal cord connections between the pons
and the sacral part of the cord (Fig. 2.8.2). If
spinal disease disrupts these connections, sacral
segmental reflexes emerge, which cause the
detrusor muscle to contract in response to low
bladder volumes, i.e., detrusor overactivity. A
second feature of the spinal disruption is that the
synergistic behavior of the sphincter and the
bladder is lost and detrusor sphincter dyssyner
gia occurs, i.e., the striated urethral sphincter
contracts when the detrusor muscle is
contracting.

In addition to the striated urethral sphincter's
role in micturition and bladder emptying, volun
tary contraction of the sphincter has a powerful
inhibitory effect on detrusor contraction. This
effect has been studied little in animals because
of the obvious difficulty of experimental design,
but there is some neurophysiological data point
ing to an inhibitory influence. Curiously, there
have been few studies of this "pro continence

(.J.Fowler and 0.8. Vodusek

maneuver" in patients and volunteers, but it is, of
course, by this mechanism that incont inence may
be avoided if urgency is experienced. The pathway
involved requires connections between the motor
cortex and sacral cord and is therefore often
affected in patients who have spinal cord disease.
It is, however, available to patients with idio
pathic detrusor overactivity, i.e., an overactive
bladder in the absence of neurological disease.

Striated Anal Sphincter
The neural processes involved in fecal continence
have been studied even less than those of bladder
control. However, the same pattern of tonic acti
vation during the filling phase is thought to
occur, with suppression of activity at the onset of
defecation .

Increases in motor unit activity in the sphinc
ter are, again, crucial in maintaining fecal or
flatal continence, and it seems likely that activa
tion of this muscle has an inhibitory effect on
rectal contraction.

Methods ofRecording EMG Activity
from the Pelvic Floor

The method preferred by electromyographers for
recording muscle motor unit activity is usually
the concentric needle electrode (CNE). In pre
vious years, some very specialized recordings
were made using single-fiber needles, but these
are no longer commonly being used. They have
an expensive construction and therefore, non
disposable . Some approximation to the signal
recorded by a CNE may be obtained by using
surface electrodes of various sorts, but the preci
sion of what is being recorded, and the details of
the electrical signal are inevitably less refined
using such devices.

Concentric Needle Electrode

A CNE consists of a central recording wire that
forms the core of an outer cannula. As with
all electrophysiological recordings, a measured
change in voltage is recorded between an active
and a reference electrode. In the CNE, the central
wire forms the active electrode and the cannula
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FIGURE 2.8.2. Component phases ofmotor unit potential (bottom) recorded with a CNE (top). The spike ofthemotor unit isproduced
by themuscle fibers closest totheelectrode, whereas thelate phases result from activity in more distant fibers.

forms the reference. The distal end of this com
bination is sharpened to a bevel tip to facilitate
its insertion into tissue, and the recordings are
made from a hemispherical recording volume
with a diameter of 0.5mm. The CNE will, there
fore, be recording the extracellular currents of
approximately 20-30 muscle fibers, and because
each of these are part of separate motor units,
when a CNE is used to record from the striated
muscle of either sphincter approximately five or
six motor units are found firing tonically while at
rest. With voluntary recruitment this number
increases, which also happens if the subject
coughs, sneezes, etc. The ongoing activity in
these muscles precludes the possibility of detect
ing spontaneous fibrillations, which is the hall
mark of denervation in other skeletal muscles.

In the clinical neurophysiology laboratory, the
electromyographer would inspect the configura
tion of individual motor units, a procedure easily
performed using a CNE in conjunction with an
EMGmachine that has a "trigger and delay line."
Captured motor units are stored, and their ampli
tude, duration, and number of phase reversals
(polyphasicity) measured up in some detail (Fig.
2.8.2), either by setting cursors or, nowadays, by
using automated analysis techniques. Individual
motor unit analysis of the urethral, but more
commonly of the anal, sphincter is carried out for
diagnostic purposes in the investigation of sus-

pected cauda equina lesions, and the innervation
of those muscles, differential diagnosis ofvarious
forms of Parkinsonism. Used in these circum
stances, it is the prolongation and enlargement
of motor units that is being sought. These are,
in fact, the consequence of reinnervation and
provide no evidence about the extent of denerva
tion that has occurred. Using a CNE, the only
clue to the extent of a denervating injury is the
reduction in the number of firing motor units
that can be reflexively or voluntarily recruited.
Unfortunately, this is inevitably a somewhat sub
jective assessment, although the sophisticated
software that exists in some EMG machines
attempts to provide a statistical and more objec
tive approach. For the physiotherapist's assess
ment of the pelvic floor, the only advantage to be
gained from using a concentric needle electrode
would be the certainty of knowing precisely
which muscle information is being recorded
from. This information is lost when using surface
electrodes, but the design of the CNE has been
such as to optimize its "in-out" insertion for
what the electromyographers call "sampling" a
muscle, and not long-term recording situations.

Hook Wire Electrodes

A recording system which combines the
precision for a selected site together with the
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FIGURE 2.8.3. A kinesiological EMG recording with hook wire
electrodes from the right and left pubococcygeus muscle in a
female.The detection sitein theright muscle detects continuous
firing ofmotor unitpotentials during relaxation ("tonic" activity).
Also, ontheright, a more prolonged recruitment ofmotor units
has occurred. Such pelvic floor muscle activity pattern has been
called "tonic" (on the right). There is no firing of motor units
during relaxation attheparticular detection site in theleft pubo-

possibility of making long-term recordings is the
"hook wire electrode." The essential part of this
recording system consists of a twisted pair of
coated wires with exposed tips shaped into a
hook. These are inserted into the particular
muscle to be studied through a hollow core needle
and the needle then withdrawn. The hook is
retained in the muscle for long-term recordings
and is removed at the end of the recordings by
tugging gently. The difficulty of using this type
of electrode is that, whereas with a CNE the posi
tion of the electrode can be adjusted to give the
best EMG signal by listening over the audio
output system of the recording machine, this is
not possible with the hook wire electrodes
because the quality of the signal can only be
examined when the ensheathing needle has been
removed, and at that point little adjustment of the
wires is possible. Notwithstanding these difficul
ties, some groups have succeeded in making very
useful "kinesiological" recordings from the pelvic
floor and shown asymmetries in activity at rest
and on coughing in women with stress inconti
nence (Fig. 2.8.3).

Surface Electrodes

The principle of recording EMG with surface
electrodes is that the active electrode is placed
over the main body of the muscle and the refer
ence is placed over the tendon insertion of that
muscle. A surface electrode has a large pick up

coccygeus muscle, and recruitment ofmotor units is brisk and
relatively short lasting. Such activity pattern has been called
"phasic" (on theleft). Such patterns can berecorded in a normal
pubococcygeus muscle atdifferent detection sites and, in thecase
presented,donot signify pathology. Akinesiological EMG record
ing ofapathological pattern ofactivity ofpubococcygeus muscles
can beobserved in Figure 1.2.9.

area and furthermore, the soft tissues, i.e., con
nective tissue, fat, and skin, between the muscle
and the electrode, may significantly attenuate the
amplitude of the signal. Thus, with a CNE the
amplitude of the EMG activity from the levator
ani might be expected to be up to 500mV, but
an amplitude of one tenth of that would be
considered "good" if recorded using a surface
electrode.

The advantages of surface electrode recordings
are that the attachment of the electrodes is pain
free and that movement is less likely to dislodge
the recording position. However, surface elec
trodes will pick up EMG activity from muscles
distant from the one being studied, the amplitude
of the signal may be low, and the contribution of
interference considerable. These limitations not
withstanding, this is the type of recording elec
trode most commonly used in physiotherapy
practice when recording from pelvic floor
structures.

An important practical aspect of using these
recording devices is that the raw recording should
be carefully inspected for the veracity of its EMG
content before any subsequent analysis is per
formed (Fig. 2.8.4). Ideally an audio output of the
signal should be obtained so that any recogniz
able electrical interference can be minimized.
When what is thought to be a good EMGsignal is
obtained, the subject should be asked to volun
tarily contract, and an increase in ongoing EMG
activity listened for. Because the EMG signal is
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vagina, with a th ird electrode placed over a
bony point to act as a ground electrode. In an
effort to increase the proximity of the surface
electrode to a structure deeper within the pelvis,
such as the urethral or anal sphincter, especially
devices on which the recording electrode is
mounted have been made. In particular, there is
a commercially available sponge electrode that
can be used to record from the urethral sphinc
ter, a range of device probes that are used to
record activity from the pubococcygeus muscles
in women, and a variety of anal probes that are
inserted into the anal canal to record activity
from the anal sphincter and puborectalis muscle
in men and women.

Other Neurophysiological
Investigations

FIGURE 2.8.4. EMG recording withsurface electrodes from rectus
abdominis (A)well separated, artifact free recording, (8) record
ingelectrodes poorly placed, (e) poor EMG signal withhigh mains
interferencecontent.

recorded as a waveform, cont inuously crossing
from positive to negative, and the need in muscle
building sessions is often only to look at the level
of increase in the signal with voluntary activa
tion, various online analysis facilities are avail
able, which perform rectification, i.e., converting
all signals to positive, and integration of the orig
inal EMGsignal. Although th is has the advantage
that a single line may be watched and observed
to go up when there is an increase in muscle
activity, if the fundamental signal is of poor
quality this may not be recognized. Poorly
attached recording electrodes, which allow high
amplitude, mains interference may also display a
rise in the integrated signal if, during a contrac
tion, the configuration of the electrodes moves
and the interference component increases.

Types ofSurface Electrodes

Sticky pads incorporating a small metal surface
are easily applied to the skin, and many papers
have been published on the use of such electrodes
attached to either side of the anal sphincter or

There are various other neurophysiological tests
that can be performed in the laboratory, which
are somet imes referred to as «electrodiagnostic
tests" or more inaccurately «EMG" (because that
term should properly be reserved for electromyo
graphic recordings). The other tests are reflex
studies, nerve conduction studies, or evoked
potentials.

Reflex Studies

Reflex studies look at the timing of a muscle
response after an electrical stimulation of skin or
a nerve. Specifically, in the pelvic region, where
there are many physiological reflexes, two have
been studied; the bulbocavernous and the anal
reflex. Each requires a recording system to pick
up the respective muscle response, and stimuli
are given to the urogenital area . A reflex analo
gous to the bulbocavernosus in men is not easily
recorded in women, but recordings from the anal
sphincter are more robust.

Nerve Conduction Studies

The principle of nerve conduction studies is that
an electrical pulse is given at a point along a
nerve, and a response is recorded either from a
muscle which that nerve innervates or from
the nerve itself, from some distance away. The
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recordings that are taken are referred to as "com
pound muscle action potentials" or "sensor action
potentials," respectively.

If a motor nerve is stimulated at two points,
giving a proximal and distal motor latency, and
the figures subtracted from one another (so that
slowing of the nerve in its distal parts where it
enters the muscle are removed from the sum) the
figure left is known as the "conduction time."
This, divided into the measured distance between
the two stimulation sites, gives the measured
conduction velocity of that nerve segment in
meters per second . However, the conduction
velocity of a nerve is not as valuable as might be
supposed. This is because, unless any pathology
affecting the nerve causes a loss of the fastest
conducting axons, conduction velocity may be
reduced by very little, possibly by as little as 10%,
despite severe nerve fall out and muscle weak
ness. The real value of the conduction times of
nerves is in detecting either generalized or focal
regions of demyelination. Demyelination is the
process whereby the axon of the nerve remains in
tact, but its insulating sheath of concentric wraps
of myelin is disrupted, leading to an impairment
of the physiological salutatory conduction of that
nerve. If there is uniform demyelination along
the whole nerve, as occurs in an inherited demy
elinating neuropathy, the measured conduction
velocity can be reduced from the normal range of
50-60 m/sec down to 20-10 m/sec. If, however,
impulses still manage to get through, albeit
slowly, the clinical deficit associated with this
laboratory-measured, slow-conduction velocity
can be quite minimal.

Regions of focal demyelination occur where a
nerve is entrapped, most famously at the carpal
tunnel of the wrist. In this condition, stimulation
of the median nerve above the wrist , while record
ing from a muscle of the thumb, the abductor
pollicis brevis, will demonstrate focal slowing of
conduction velocity. It should be noted, however,
that the degree of slowing is not likely to correlate
with the weakness of the muscle.

Of greater possible clinical relevance, but
unfortunately more subject to technical variabil
ity, is the amplitude of the compound muscle
action potential because this envelope contains a
summation of all the motor units that can be
activated by electrical stimulation of the nerve.

c.J. Fowler and D.8. Vodusek

Pudendal Motor Latency

Based on the established clinical value of conduc
tion studies to detect the entrapment condition
of carpal tunnel syndrome, it was proposed that
stimulation of the pudendal nerve at the level of
the ischial spine and recording from muscles it
innervates, such as the pubococcygeus or the
urethral or anal sphincter, would be of value in
detecting nerve damage following childbirth.
Theoretically, however, there have always been
arguments against this test as a means of detect
ing significant pelvic floor weakness. Chief
amongst these was the concern that a prolonga
tion of latency does not give an indication of the
extent of muscle denervation. The investigation
that might have reflected axonal loss was the
compound muscle action potential recorded
either from the urethral sphincter or pelvic floor
muscles. Initial reports did not include any data
on amplitude of the recorded compound muscle
action potentials and, unfortunately, more recent
attempts to design recording electrodes that
could pick up well from these muscles have not
been successful, and the recorded amplitudes are
often only a few microvolts. Although it seems
likely that stretching of the pudendal nerve
occurs with parturition, attempts to demonstrate
this using pudendal motor latency have not
proved useful, and measurement of this conduc
tion figure is certainly not used in clinical labo
ratories to investigate women with suspected
stress incontinence, nor is it now recommended
as a research investigation.

Evoked Potentials

Evoked potentials are the electrical response
recorded from neural tissue, either the spinal
cord or cortical surface, in response to repeated
peripheral stimulation. First introduced to test
conduction in the optic nerves, the visual
evoked response is recorded with scalp electrodes
over the visual cortex while the subject looks
at a checked board on which the black and
white squares alternate. Critical in detecting
the cerebral response is the process of
"averaging," whereby electroencephalographic
activity time locked to the onset of the stimulus
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becomes more pronounced and background
activity from the random ongoing waveforms is
diminished.

This same principle of averaging the cortical
signal in response to a repeated stimulus such as
an electrical pulse to a peripheral nerve is the
basis of the somatosensory evoked potentials
(SSEPs). Although stimulation of the median
nerve at the wrist or tibial nerve at the ankle
are the SSEPs most commonly performed in
clinical neurophysiological laboratories, it is
also possible to record an SSEP after stimulation
of the pudendal nerve. For this the subject
holds the stimulator on the dorsal nerve of
the clitoris or penis and electrical stimuli
given at an intensity of two to three times that of
threshold for sensation, i.e., a non-painful
intensity.

Although when first introduced it was hoped
that this recording would provide insight into the
afferent innervation of the pelvis, this has not
proved to be the case. Electrical stimulation
depolarizes the largest myelinated nerve fibers
of a sensory nerve, those which convey muscle
afferent activity or the sensory modalities oflight
touch and vibration and does not activate those
small unmyelinated nerve fibers involved in vis
ceral sensation . Although the pudendal evoked
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potential is technically easy to record, it clinical
value in detecting a spinal cord deficit can be
equally well accomplished by recording the stan
dard tibial evoked responses - it is rare to find an
abnormality of the former without the latter also
being abnormal.

Conclusion

Over the course of many years, various neuro
physiological techniques have been developed
that have quite quickly been transferred to the
investigation of the pelvic floor. Only a few of
these have been shown to be of enduring value,
whereas some, such as single-fiber EMG and use
of magnetic stimulation, are no longer recom
mended even as research techniques. For the
investigation of neurological patients with pelvic
organ complaints some of the more complex
investigations may still be used but for physio
therapy practice - both clinical and research 
surface EMG recordings are likely to continue to
give the best results .
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2.9
Outcome Measures in Pelvic
Floor Rehabilitation
Kate H. Moore and Emmanuel Karantanis

Introduction

Throughout this textbook, many different mea
sures are used to evaluate the pelvic floor and
urinary or fecal incontinence. In this chapter,
those measures that are also suitable for evaluat
ing posttreatment response , or "outcome," are
considered. In the past 3-4 decades, numerous
tests, scoring systems, and quality-of-life instru
ments have been created . Unfortunately many of
these tests have not been formally validated as
outcome measures. Therefore they may not give
an accurate picture of the "quantity" of a patient's
response to treatment. Also, when many different
outcome measures are used to gauge response to
any treatment (by different authors) , it is almost
impossible to compare results.

This chapter gives a brief overview of some of
the early nonvalidated outcome measures that
are still in use, and then describes more recent
tests that have been fully validated. The system
of categorization used is that of the Standardiza
tion Committee of the International Continence
Society (rCS),! which recommends that there
should be five main groups, or "domains" of
outcome measures:

1. Patient's observations (symptoms)
2. Quantification of symptoms (e.g. urine loss on

diary or pad test)
3. Physician's observations (anatomical and

functional e.g. perineometry, and compliance
with treatment)

4. Quality of life measures
5. Socioeconomic evaluations.
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How to"Validate" an
Outcome Measure

First, it is useful to briefly define what is meant
by "validation." The design of symptom score or
questionnaire is not a simple process, and the
development of a physical test (e.g. perineome
try) for use as an outcome measure also requires
considerable work.

The process of validation for symptom scores
and quality of life tests requires one to demon
strate validity, reliability, and responsiveness to
change after treatment. These items must also be
demonstrated for tests of physical function, but
some differences in methods occur between psy
chometric tests and physical tests.

Validity refers to whether the test measures
what it is supposed to measure. There are three
main aspects :

1. Content/face validity is the assessment of
whether a questionnaire makes sense to the
patients and clinicians, i.e. that it is understand
able, unambiguous, and clinically sensible.
Construct validity involves assessing how the
questionnaire performs in a range of setting and
patient groups . One example is differentiating
between patient groups, such as hospital patients
and individuals in the community. Criterion
validity describes how well a questionnaire
correlates with a "gold standard" measure that
already exists. This "criterion validity" also is
important for tests of physical function, e.g.
leakage, on ultrasound of the bladder neck
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may need to be validated against leakage on
videourodynamics.

2. The reliability of a test refers to its ability to
measure quantities reproducibly. There are two
aspects: (a) internal consistency and (b) repro
ducibility. Internal consistency refers to the
extent to which items within a questionnaire are
consistent with each other. It can be assessed by
statistical techniques such as item-total correla
tion or Cronbach's alpha. Reproducibility is an
important concept for both questionnaires and
physical tests that measure outcome, as one must
demonstrate that responses are stable over a
short period of time in a pretreatment sample
(i.e, by giving the same test to respondents 2-6
weeks apart, before treatment starts). Reproduc
ibility is assessed by using analysis of variance
(to find the standard deviation for repeated mea
surements), or by determining the intraclass cor
relation to determine variability between and
within subjects, or by using the Bland-Altman
method to derive the limits of agreement.2,3 Many
studies of test-retest reliability quote the correla
tion coefficient between the first and second test,
but this is not a correct measure of reliability
because two tests of the same measure will gener
ally correlate (or "co-relate") to a large degree.
Correlation between two tests does not measure
the degree of variation between the two tests.

3. The responsiveness of a test describes its
response to change after treatment. This is usually
done either by measuring effect sizes in random
ized trials, or by analyses of covariance. There
fore in order for a questionnaire to be fully
validated and "robust," multiple experiments
assessing all of the aforementioned components
must be undertaken.

Patient Symptom Scores as
Outcome Measures

In the 1970s, before the advent of validated con
tinence scores, grading systems were developed
to measure the severity of incontinence. These
were "doctor controlled," with the doctor making
the final impression as to what the response
should be. Popular formats included the Stamey
grading system' and the Ingelmann-Sundberg
Scale.' These 3-point scales (Table 2.9.1) were
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TABLE 2.9.1. Three point scales

Stamey Grading
I Leak withstressful activities ego cough. sneeze etc
II Leak with minimal activities egowalk/standing up
III Leak at all times, all activities irrespectiveofposition
Ingelmann - Sundberg Scale
I Incontinence only when coughing, sneezing,orlifting heavy

objects
II Incontinence during daily activities ego rising from achair, or

fast walking
III Dripping incontinence intheupright position

never validated, yet they are still commonly used
today. For example, Stamey scores are commonly
used in studies assessing urethral bulking
agents'< because the score continues to be stipu
lated as an outcome measure for research by the
US Food and Drug Administration, whereas
several European groups continue to use the
Ingelmann-Sundberg Scale."

The Lagro-Ianssen 12-point score comprises 4
categories which each have a score of 1-3. These
comprise frequency of urine loss (weekly, more
than weekly, daily), amount of urine loss (drops,
a little, a lot), use of pads (none, occasionally,
most of the time) and effect upon lifestyle (none,
some, a 10t).9The score is used to define mild (4
6), moderate (7-9), and severe incontinence (10
12). Although studies of repeatability are not
available, it is interesting that the terms used in
this 1991 score are very similar to the more recent
lSI and ICIQ-SF, which are descibed in the fol
lowing sections.

The Incontinence Severity Index was devel
oped by Sandvik et al." It is a very short measure
ment tool, having only two items. The responses
for the first and second question are multiplied
together to give the total score a range of 0 to 8
(Table 2.9.2).

TABLE 2.9.2. The incontinence severity index

How often isurineleakage experienced?
Never = 0
1toseveral times a month = 2
1toseveral times per week =3
Every day and/or night = 4
How much urineislosteachtime?
Afew drops = 1
Alittle = 1
More = 2
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DD D O DO
Initial number CONFIDENTIAL DAY MONTH YEAR

Today's date

Many people leak urine some of the time. We are trying to find out how many people leak
urine, and how much this bothers them. We would be grateful if you could answer the following
questions , think ing about how you have been, on average, over the PAST FOUR WEEKS .

1 Please write in your date of birth:

2 Are you (tick one):

3 How often do you leak urine? (Tick one box)

D D DD DD
DAY MONTH YEAR

'Female D Male D

never D 0

about once a week or less often D 1

two or three times a week D 2

about once a day D 3

several times a day D 4

all the time 0 5

none D 0

a small amou,:,t D 2

a moderate amount 0 4

a large amount 0 6

4 We would like to know how much urine you think leaks.
How much urine do you usually leak (whether you wear protection or not)?
(Tick one box)

5 Overall, how much does leaking urine interfere with your everyday life?
Please ring a number between 0 (not at all) and 10 (a great deal)

o
not at all

2 3 4 5 6 7 8 9 10
a great deal

ICIQ score: sum scores 3+4+5 D D
6 When does urine leak? (Please tick all that apply to you)

never - urine does not leak 0
leaks before you can get to the toilet 0

leaks when you cough or sneeze 0
leaks when you are asleep 0

leaks when you are physically activelexercising 0
leaks when you have finished urinating and are dressed D

leaks for no obvious reason D
leaks all the time D

Thank you very much for answering these questions.

Copyright@ "Icia Group"

FIGURE 2.9.1. The ICIQ-SFQuestionnaire.



2.9. Outcome Measures inPelvic Floor Rehabilitation

Severity on a 48-hour pad test and severity of
the score correlates strongly (r = 0.59; P <
0.001}.1l

The St. George Score for urinary incontinence
was developed to parallel the Wexner scale for
fecal incontinence (see below), It asks whether
patients leak with stress or with urge, whether
they have damp or soaked pads, and how much
the leakage affects quality oflife. Each of the four
questions is then graduated by the patient as to
how often the problem occurs (weekly, daily,
more than daily, etc). The 5 subscales, thus, each
have 4 maximum points (total maximum 20).The
construct validity, reliability, and responsiveness
to change have been published," and its suitabil
ity for telephone administration of long-term
follow-up has been shown."

The Groutz Score is not just a symptom score,
but combines results of a patient questionnaire
(0, cured; 1, improved; 2, failed) along with point
scores from the 24 hour voiding diary (0, no
leaks; 1, 1-2 leaks; 2, ~3Ieaks) and a 24-hour pad
test (0, <8g; 1, 9-20 g; 2, >20g}.14 This is a very
attractive scoring system because it combines the
first 3 domains of the ICS recommendations.
Because patients grade their degree of cure in the
questionnaire, it cannot be used for baseline
assessment , which is a minor shortcoming in sta
tistical analysis.

The ICIQ-SF is the most recently validated
questionnaire. It is a symptom severity and
quality of life instrument, developed under the
auspices of the International Consultation on
Incontinence (ICI) and has undergone full psy
chometric testing.":"
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The final ICIQ comprises three scored items
(Fig. 2.9.1) and an unscored self-diagnostic item.
It allows the assessment of the prevalence, fre
quency, and perceived cause of urinary inconti
nence, and its impact on everyday life using just
3 questions on one page, producing an overall
maximum score of 21. Women can complete the
questionnaire quickly and completely with low
levels of missing data (mean 1.6%).

It discriminates well across different groups of
individuals, indicating good construct validity.
Convergent validity was acceptable, with most
items demonstrating "moderate" to "strong"
agreement with other questionnaires. Reliability
testing revealed "moderate" to "very good" sta
bility in test-retest analysis and a Cronbach's
alpha of 0.95. The ICIQ correlates strongly with
the 24-hour pad test (r =0.458; P =0.000}.17The
test is also responsive to treatment. Because it is
very simple, yet very "robust" and is recom
mended by the WHO/ ICI, it will probably become
the gold standard in this area .

The Wexner Score for fecal incontinence was
originally designed as a 20-point score concern
ing 3 types of incontinence and one category for
impact upon lifestyle, but was later modified to
include a score for the need to wear a pad, the
need to take constipating medication, or fecal
urgency (Table 2.9.3).

The internal consistency, test-retest reliability,
construct validity, criterion validity, and sensi
tivity to change of the Wexner score appear to be
adequate." The score iswidely used as an outcome
measure in North America, the United Kingdom,
Australia, and several European countries.

TABLE 2.9.3. Modified faecal incontinence score (Vaizey eta11999)

Never Rarely Sometimes Weekly Daily

Incontinent Solid Stool
Incontinent LiquidStool
Incontinentto Gas
Alters lifestyle

Need towear pad/plug
Take constipatingmeds
Unable to defer 1S min

o
o
o
o

2
2
2
2

3
3
3
3
No
o
o
o

4
4
4
4
Yes
2
2
2
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Quantification ofSymptoms

Frequency ofLeakage on Bladder Diaryl
Frequency Volume Chart

Moving away from scores and questionnaires,
we now consider tests that actually measure
leakage severity. The most commonly used is
the bladder chart. This is a generic term used
to indicate several types of records: the micturi
tion chart, which only requires the patient to
document times of voiding and incontinence epi
sodes; the frequency volume chart (FVC), which
also requires patients to record their fluid intake
and their voided volumes, and the changing of
pads; and the urinary diary, which includes the
details of the FVC but also includes symptoms
and activities at leakage episodes, including
urgency, and assessment of the severity of each
leakage episode. Although the urinary diary pro
vides more detail about the episodes of leakage,
it results in poorer compliance because of the
detail required."

A FVC or urinary diary is a useful outcome
measure, with the simplest parameter being
the number of leakage episodes per 24 hours.
One of the main debates about diaries is
the degree to which a clinician can trust what
a patient annotates. The quality of the in
formation depends upon patient compliance,
which needs to be assessed with the patient
face-to-face.

Another controversy about diaries is the dura
tion over which they should be undertaken.
Seven-day diaries have been shown by several
authors to have excellent test-retest reliability":",
are the most sensitive and accurate, but also
produce the least compliance" . Recently, a test
retest reliability study of the seven-day voiding
diary was performed (n = 138)23 The test-retest
reliability for the number of weekly incontinence
episodes was high (r = 0.83). The correlation
between the first 3 days and the last 4 days was
very high (r = 0.9). They concluded that a 3-day
diary is an appropriate outcome measure in stress
incontinence.

Although longer durations may be most reli
able, the ICI committee for research methodol
ogy suggested that, in most cases, a single 24-hour
diary is sufficient. 24
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Pad Tests

The Pad Test

The paper towel test was first published by Miller
et al.2S This study provided the protocol and
formula for calculating the degree of leakage
made on a paper towel folded in 3 layers (placed
against the perineum), based on the diameter of
the patch formed by the leak, when certain pro
vocative maneuvers are performed with a com
fortably full bladder. The same authors" later
found that the test failed to correlate with other
measures of severity, and concluded that the test
was inaccurate.

7-hour Pad Tests

Sutherst" and Walsh28 originally described the
use of perineal pads in the objective assessment
of urinary loss. The test procedures were then
standardized," andafter being endorsed by the
International Continence Society in 198830 they
became a widely used outcome measure. Patients
were asked to attend with a comfortably full
bladder, then drink 500ml of water over 15min,
then perform a preset group of activities to
provoke leakage (walking and stair climbing for
30min; standing up 10times, coughing 10times ,
running 1min , bending 5 times, and washing
hands for 1minute). The voided volume was then
measured.

The repeatability of the l-hour pad test has
been heavily criticized. In the mid-1980s, four
groups of authors studied repeatability in small
sample sizes (18-23 patients per study). Klarskov
and Hald31found that the physical tasks dictated
by the test were quite demanding, and many
patients completed them to a variable degree.
Lose et al.32 found wide divergence of results in
approximately 50% of patients, which they attrib
uted to differing degrees of diurese during the
two tests, in accordance with Jorgensen et a1.33

and Christensen et al.34
Lose et a1.3Slater assessed repeatability using

the Bland-Altman method" in 25 incontinent
women at a standardized bladder volume, but
found differences of up to 24g between two test
results. Because a large bladder volume may
increase leakage," they improved repeatability
by catheterization and retrograde filling of a
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large standard volume (which appears unneces
sarily invasive). A larger (n = 56) repeatability
study was undertaken by Simons et al.37 Bladder
volume was standardized by repeated ultrasound
during natural fill, so that the test volume at the
second occasion was close to that of the first test.
Nevertheless, substantial variations between the
two tests were found . The test-retest reliability of
the l-hour pad test was found to be clinically
inadequate, making it unsuitable for use as an
outcome measure.

The l-hour test also appears to be less sensitive
than a longer test for detecting incontinence, par
ticularly in women with mild incontinencer ":"
Another problem is that patients must be suffi
ciently robust to climb stairs, lift shopping bags,
and jump 10 times. Consequently, many authors
have adapted and modified the test, making any
interpretation between studies impossible." The
l-hour pad test also fails to correlate with other
measures of severity. Theofrastos et al." and
Fantl et al." et al. showed that the UDIIIIQ did
not correlate with the l-hour pad test measures
of severity, nor did urodynamic assessment of
severity correlate ."

Until recently, the l-hour pad test was the only
objective method that could be used to differenti
ate mild, moderate, and severe incontinence. The
volume leaked was divided by the total volume of
the bladder at the start of the test, and the per
centage of total volume leaked was divided by the
total volume of the bladder at the start of the test.
The percentage of total volume leaked was used
to calculate 33% centiles for the patient sample .
This yielded definitions of "mild" (1-10g), "mod
erate" (11-50g), and "severe" (>50g).31

The 2-hour Pad Test

The 2-hour pad test was designed by Sutherst
et al.27 to reduce the problem of variable and
often inadequate diuresis rates that are noted
within 45min of drinking 500ml in the l-hour
test." In the 2-hour pad test, after emptying the
bladder (thus, starting at a known zero volume),
the patient drinks 1L, and then waits for 1 hour
before commencing the same provocations given
in the l-hour test . This was found to be more
sensitive," but repeatability studies are lacking,
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mainly because the test requires 2hours of careful
nursing attention in the laboratory. The test does
not correlate with a visual analogue score of
severity." A home 2-hour pad test was investi
gated by Wilson et al," but has not been further
validated.

The 24-hour Pad Test

In the mid-I980s, several authors investigated 24
hour and 48-hour home pad tests.":" Women
were given a set of pre-weighed pads in sealed
bags, to be worn for a 24-hour or 48-hour period.
Such tests are not embarrassing, and reflect
everyday function/ provocation of incontinence.
Several authors have demonstrated that there is
no loss of accuracy by evaporation from the
sealed plastic bag for durations ofn hours," one
week," and two weeks." Thus, wet pads can be
returned via the mail from any location.

The 24-hour pad test has been found to be
more sensitive than the l-hour test." In 31 incon
tinent women who underwent both tests, 13
patients were dry after the l-hour test, compared
to 3 on the 24-hour test, giving a false-negative
rate of 39% for the l-hour test. The l-hour and
24-hour pad test results did not correlate
significantly.

Normal ranges for the 24-hour pad test in
continent women have been controversial. Versi
et al,50 and Mouritsen et al.51 tested 24 "young
nursing and physiotherapy students" and 25
nursing and physiotherapy staff (median age 41)
respectively. Such young patients are not repre
sentative of the typical age group presenting with
urinary incontinence. Lose et al." recruited 23
continent women with a more appropriate age
group (34-69 years), and Ryhammer et al.52 tested
78 continent postmenopausal women, (age range
45-57 years). In all these studies, home kitchen
scales were used to weigh the pads, with accuracy
of only ± 1gm. These studies gave normal values
of between 3 and 8 grams, which seems a large
amount of fluid to be tolerated by an asymptom
atic woman . Recently, the normal values were
defined in 120 women of median age 48 (IQR
32-60); using scales accurate to 0.1g, a median
value of 0.3g (IQR 0.2-0.6; 95th centile 1.3g) was
obtained.
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Charaderization ofMild, Moderate, and Severe

Because PFMexercises are more likely to be cura
tive in patients with mild incontinence, and
surgery is often offered to patients with severe
leakage, a pad test should be able to differentiate
severity groups and help to prognosticate the
outcome of treatment. Recently, mild, moderate,
and severe leakage were characterized as 1.3-20g,
21-74g, and>75g per 24 hours, 53 respectively.

Repeatability

The repeatability of the 24-hour pad test has been
controversial. Three studies have concluded that
repeatability is adequate/9

,54,50 whereas one study
has disagreed." Fewstudies have assessed repeat
ability according to the type of urodynamic
diagnosis, and no studies have assessed the con
tribution of activity to the repeatability of the
test. This is particularly relevant when consider
ing a woman who leaks once per week during
sporting activities. A study of 108 women who
performed 7 consecutive 24-hour pad tests
showed that, on repeated measures analysis of
variance, there was no statistically significant
difference in mean pad weight during the 7 days
of pad testing. Over the 7 days, 51% of patients
did not change their severity grade at all and 18%
changed by 1 grade on 1 day.55

Criterion Validity

The 24-hour pad test has seldom been com
pared to other measures of severity, but as men
tioned, the correlation with the ICIQ is highly
significant.

Anatomical and
Functional Observations

The most common anatomical and functional
parameters that have been used as an outcome
measure comprise the following: (a)PFMstrength
assessment, (b) urodynamic testing, (c) urethral
pressure profile, and (d) leak-point pressures.
These tests are all described in detail in Chapter
2.1 and 2.3, but their suitability as an outcome
measure will be summarized here.
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The measurement of PFM strength is fully
described in Chapter 2.1.Measuring PFMstrength
(or power) is only one component of the assess
ment, which includes testing endurance, repeti
tions, and fast contractions.56 The assessment of
PFM strength is usually performed using digital
assessment, or by use of a perineometer. The
Oxford scoring system has become the predomi
nant grading method for digital assessment of
PFM strength.57 During digital examination, the
clinician asks the woman to tighten her pelvic
floor, and then assigns a score out of 5 (Table
2.1.6).The examiner must coach the patient first,
to ensure that the patient is performing the test
correctly, as Bump et al.58 has shown that patients
who are simply given verbal instruction (without
digital examination) are unable to contract the
muscles correctly in 51% of cases. Without this
method, subsequent outcome testing is not
possible.

Although the Oxford score has been in use
since 1989, the test-retest reliability has only
recently been demonstrated.59 More recently, the
perineometer has been developed as an alterna
tive measure of PFM strength. This involves the
vaginal insertion of a pressure-measuring device
that measures vaginal pressures both at rest and
during pelvic floor tightening.

Bo et al. compared the findings of the Oxford
score to that of a perineometer and found no sig
nificant correlation, but the study was limited
to 25 physiotherapy students." In contrast,
Isherwood et al.59 found good agreement between
the Oxford scale and perineometry in 263women
with a wide age range. Similarly, Kerschan
Schindl et al." showed better repeatability and
reliability with the digital examination rather
than the perineometer. An advantage of the
Oxford score over the perineometer is that an
examining finger can detect any counterpro
ductive Valsalva or strain that patients may
perform.

Urodynamic Assessment

Urodynamics describes the laboratory investiga
tion of incontinence. The main components are
filling cystometry, the cough test at maximum
bladder capacity, uroflowmetry, and determina
tion of the postvoid residual. The use of X-ray
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(fluoroscopy) at the time of urodynamics is the
gold standard, although more recently, transla
bial ultrasound has been adopted to look for the
degree of funneling or the degree of bladder neck
mobilit y associated with leakage on coughing.
Further description is given in Chapter 2.3.

Two studies have shown that cystometric
capacity measurement repeatability is poor. 62

•
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In a study of 50 women with stress incontinence
symptoms who were filled to a minimum of
300ml during cystometry, the cough test has
been shown to be repeatably posit ive and repeat
ably negative."

During urodynamic tests, many clinicians
classify severity of USI in women as mild, moder
ate, or severe. However, there is no standardized
approach to grading severity. Thus, clinicians'
assessment of the degree of leakage during cough
is highly subjective , varies from unit to unit, and,
as such, is a poor outcome measure. For example,
fluid in the proximal urethra can only be seen on
fluoroscopy, but is often considered evidence of
urethral sphincter incompetence. Yet, when uro
dynamic testing is used to judge "cure," the
authors do not always state whether fluoroscopy
was used. They may employ twin channel cys
tometry and define "cure" as no leakage of urine
from the external urethral meatus.

The classic type I, II, and III categorization of
stress incontinence on videourodynamic testing
with urethral pressure measurement developed
by McGuire65 does not appear to have been sub
jected to repeatability assessment and is not gen
erally regarded as an outcome measure.

Only one study has correlated urodynamic
severity grading with severity on the l-hour pad
test. In this study, women at maximum capacity
in an erect oblique position were asked to cough
as hard as possible. Severity ofleakage was deter
mined arbitrarily: severe, leakage occurred on
the first cough; moderate, on the second or third
cough; slight, if leak only after multiple coughs
and encouragement. The study showed no sig
nificant correlation between the clinician's
impression and l-hour pad test. "

Urethral Pressure Profilometry

Urethral pressure profilometry (UPP) may involve
the use of water-perfused catheters the Brown
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and Wickham method." or rnicrotransducers"
(see Chapter 2.3).

A major problem with UPP measurement is the
lack of standardization. Recently, the ICS pub 
lished a standardization report guiding future
authors as to the basic requirements to be docu
mented in UPP studies." Clear documentation
on patient position, bladder volume, maneuvers,
and probe types is required by the ICS, but the
use of any standardized methods or techniques
over others was not recommended.

The UPP technique has been shown to be
repeatable. Using the Brown and Wickham fluid
perfusion method, Martin and Griffiths" found
agreement between 2 observations to be ±2 cm
H20 pressure. Meyhoff et al." examined the
reproducibility of various parameters of the UPP
in both consecutive observations on the same
day, and 2 observations separated by 1 month.
The variability in same-day observations was
adequate, but they noted significant variation in
observations repeated after a l-rnonth interval.
Hilton and Stanton" analyzed the short- and
long-term variance of the microtip transducer
UPP method and found good reliability.

Only one study has attempted to correlate UPP
results with severity on pad tests and validated
questionnaires. The study showed no correlation
between maximal urethral closure pressure and
the l-hour modified pad test, or between the UDI
and IIQ.41

Valsalva Leak Point Pressures

The VLPP is defined as the minimal pressure
within the bladder to cause urinary leakage in
the absence of a bladder contraction." VLPP
research regarding reproducibility is scant. A
study by Song et al." found VLPP is reproducible;
however, the correlation coefficient was used.

Recently, Fleischmann et al." studied VLPP
pressures in 65 women with stress incontinence.
The 24-hour pad test results, the number of
leakage episodes on FVC, and the degree of
urethral mobility did not correlate with the
VLPPvalue. This study disputes McGuire's earlier
finding that low VLPP readings correlated
with worse leakage. A study by Nitti and
Combs" found a strong correlation between
the subjective degree (SEAPI-QMN) of urinary
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incontinence and VLPP in 51 women with stress
incontinence.

Leak-point pressure measurement has been
hindered by the same lack of standardization
seen with the UPP. The VLPP is thought to be
most accurately measured at bladder volumes of
250-300 ml," but this varies from study to study.
The VLPP remains to be standardized regarding
catheter size, bladder volume, and the presence
of cystocoele." In addition, the pressure record
ing at the moment of leakage is difficult to
standardize.

The definition of high or low VLPP is not stan
dardized. Generally, a VLPP of 60em H20 or less
is thought to represent severe leakage ("intrinsic
sphincteric deficiency")," although this defini
tion varies, e.g. some authors use a VLPP cut-off
for ISD of <100ern H20 .78 Furthermore, there is a
poor correlation between VLPP and UPP.71

Quality ofLife Scores

In the last decade , attempts have been made to
standardize and validate self-completed ques
tionnaires as instruments assessing subjective
severity and quality of life associated with
incontinence.

The Urogenital Distress Inventory (UDI) and
the Incontinence Impact Questionnaire (IIQ)
were developed by Shumaker et al." to assess the
impact of urinary incontinence symptoms on
quality of life for women. The original forms of
the IIQ and UDI had 30 and 19items, respectively.
Later work by Uebersax et al." created a 7-item
version of the IIQ and a 6-item version of the UDI.
These are now widely used in both clinical and
research applications.

The Kings Health Questionnaire,was first
developed at Kings College Hospital London by
Kelleher and Cardozo and published in 1997.81 It
has 21 items and was designed to measure symp
toms and quality of life for men and women with
urinary incontinence. The 21 items are distrib
uted to form 8 domains that are scored between
oand 100, with 100 indicating a greater impact
on quality of life. Domains include sociallimita
tions and sexual function. It was developed in the
United Kingdom, making it most appropriate for
that population, but has been translated to many
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languages. Its disadvantages are its length and
complicated scoring system.

Many other quality oflife tests have been vali
dated for use as outcome measures in male incon
tinence, or for patients with the overactive bladder.
These are not considered here, as they do not
directly relate to rehabilitation of the pelvic floor;
for further details see Donovan et al.82

Socioeconomic Evaluation

The ICS Standardization Committee recom
mends that the costs of incontinence should be
an important outcome measure. If a treatment
reduces leakage, it should also reduce the costs of
managing that leakage. A balance occurs when
the cost of the treatment is less than the pretreat
ment management costs, but the time frame over
which all these costs are calculated is important.
For further details of economic evaluation see Hu
et al.83

The ICS recommends that incontinence costs
be gathered in seven aspects:

1. The costs of clinicians' time and services.
2. The costs of laboratory tests and imaging

studies.
3. Expenses for procedures and medications.
4. The costs of disposable and reusable pads,

undergarments, bed protectors, etc.
5. The costs of managing side effects and adverse

events arising from treatment (e.g., de novo
detrusor overactivity after bladder neck
surgery).

6. The costs of travel to obtain treatment.
7. The loss of wages from receiving care or

surgery.

These items have been assembled into a nurse
administered cost index, for which the construct
validity, test-retest reliability, and responsive
ness to treatment change have been published
(the Dowell-Bryant Incontinence Cost Index 84

•
8S

) .

The ICS recommends that such measurements of
cost be built into the design of any new therapeu
tic trial.

Full economic analysis of the efficacy of treat
ment usually involves use of a specific type of
quality oflife test that allows one to calculate the
benefit in terms of Quality of LifeYears (or QALY).
For more details see Hu et al.83
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Conclusion

When reporting the success of any new treat
ment, fully validated objective measures should
be employed. Clinicians should not "create" a
new outcome test unless they are prepared to
validate it thoroughly. Our common research
interests would be best served by choosing vali
dated outcome measure at the start of any inter
vention tr ial.
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Part III
Techniques of Pelvic Floor Rehabilitation

and Muscle Training



3.1
Concepts of Neuromuscular Rehabilitation
and Pelvic Floor Muscle Training
Jo Laycock

Key Messages

• The principles of muscle training are overload,
specificity, and reversibility.

• Pelvic floor muscles work synergistically with
the deep abdominal muscles, the lumbar mul
tifidi muscles, and the respiratory diaphragm,
forming a cylinder to support the lumbar
spine.

• With contraction of the transverse abdominis
muscle, the pelvic floor muscle is coactivated,
and this pattern can be used in pelvic floor
re-education.

• Reduced endurance of pelvic floor contraction
is mainly a slow-twitch fiber disorder and
requires endurance training by increasing
the length of contractions and the number of
repetitions.

• Reduced pelvic floor strength is predominantly
a fast-twitch fiber disorder and requires
strength training with maximum voluntary
contractions until the muscles fatigue.

• In patients with stress urinary incontinence,
even moderate pelvic floor contractions before
increases in intraabdominal pressure can
reduce stress incontinence.

• In patients with OAB, during an episode of
urgency, several maximum contractions may
help by inhibiting the overactive detrusor
muscle.

• Adherence to a pelvic floor exercise program is
influenced by the patient's understanding of
the causes, the consequences of the condition,
and the perceived sequelae of noncompliance.

Introduction

Muscle training involves the improvement in the
tone of muscles or muscle groups, providing a
readiness for action , and includes improvement
in stiffness, strength, endurance, coordination,
and function. Much of the evidence of the
efficacy of muscle tra ining and the principles
involved has come from sports medicine litera
tu re.!" In addition to increasing the cross
sectional area and neuromuscular function,
strength training has been shown to increase the
connective tissue within and around the muscles,22

and , in theory, should improve the support of the
pelvic organs afforded by the pelvic floor muscles.
However, there are a number of differences
between pelvic floor muscle rehabilitation and
the training of muscles of sports women and
men, which should be considered alongside the
general principles described below.The main dif
ferences are the difficulty of teaching and assess
ing correct pelvic floor muscle contractions in
functional posit ions and the motivation for
people to carry out a program of exercises. Teach
ing and assessing a correct pelvic floor muscle
contraction is addressed in Chapter 2.1 and also
in the section on biofeedback (see Chapter 3.2).
Motivation and adherence to training programs
is discussed in the following sections.

Another fact has to be considered; athletes in
training usually have normal and strong muscles,
and training aims to hypertrophy these muscles
and improve performance. However, patients
with pelvic floor muscle dysfunction may have
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damaged muscles, damaged muscles and fascial
attachments (see Chapter 1.1), partially dener
vated/re-innervated muscles (see Chapter 1.2),
and lack of pelvic floor awareness. The aim here
is to rehabilitate, re-educate, and so restore
normal or near-normal function, and to intro
duce a compensational muscle action to counter
balance other insufficiencies, such as connective
tissue weakness and irreparable changes. Yet
another problem in pelvic floor rehabilitation is
the often difficult diagnosis of the underlying
causes, the damage, and the functional defects.

Principles ofGeneral Muscle Training

A muscle-training program should satisfy the
following principles: overload, specificity, and
reversibility.'?

Overload

This term implies the need to make the particu
lar muscles work more than they have been used
to; to work harder, to work longer, to push their
performance to the limit. Overload can be applied
to strength, endurance, and function/technique.
Exercise regimens progress by demanding more
effort over a longer period of time to push the
performance to a higher limit.

Specificity

Specificity describes "training for a purpose,"
and examines the specific objective of the exer
cise. Overload and specificity can generally be
considered together. For example, a sprinter may
train specifically for speed, recruiting mainly
fast-twitch muscle fibers, whereas a marathon
runner requires endurance, which is when pre
dominately slow-twitch muscle fibers are
recruited; thus, these runners would apply speci
ficity to their training programs. By running
faster than previously (sprinter) or longer than
previously (marathon runner), they are also
applying overload.

Reversibility: Loss ofHypertrophy

With athletes, strength training aims to hyper
trophy the appropriate muscles; this is an
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on-going process, which takes 15-20 weeks;
top athletes are continuously improving. Re
versibility implies that the training effect is
reversed; hypertrophy is lost and performance is
reduced if the training stops; this is a gradual
process.' :'

Principles in Pelvic Floor
Muscle Training

Overload and Specificity

Pelvic floor muscle assessment of a patient with
incontinence will establish whether the muscles
are weak (reduced strength - predominately a
fast-twitch fiber disorder), or easily fatigued
(reduced endurance - mainly a slow-twitch fiber
disorder), or dysfunctional. The latter case is
seen when a woman either cannot perform a vol
untary pelvic floor muscle contraction, or can
perform a strong pelvic floor muscle contraction
while lying supine, but cannot manage this while
standing or during coughing. Specificity implies
that if the muscles are weak, then strength train
ing is required. This involves maximum volun
tary contractions until the muscles fatigue
(overload). If on assessment the muscles are
found to tire easily (producing only short con
tractions and/or few repetitions), endurance
training is needed . This will involve the patient
aiming to increase the length of contraction (hold
time) and increase the number of repetitions.
This is done by repeating longer, submaximal
contractions.

Many patients present with a deficiency in both
strength and endurance. Continuous reassess
ment during a course of treatment is necessary to
ensure that overload is satisfied. This highlights
a further difference between training athletes
and training women with incontinence; the
exercise science literature recommends 8-12
maximum contractions in three sessions, and
three or four training sessions per week, with rest
days for recovery.'? Many patients with weak
pelvic floor muscles who are in a rehabilitation
program cannot perform eight maximum con
tractions of sufficient strength and endurance to
have a training effect; thus, they need to practice
several times each day, at least 6 days a week.
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Improving function is the most important
training parameter, and this should be assessed
and addressed accordingly. In a study by Miller
et al., older women with stress urinary inconti
nence on coughing were taught "The Knack ."
This is an anticipatory pelvic floor muscle con
traction before and during a cough.' Th is study
is a fine example of specificity, and demonstrated
that it is not necessarily the strength of the con
traction, but the ability to use the pelvic floor
muscles specifically when needed, to prevent
incontinence, that is important. Another good
example of specificity is "holding on," which is
described by Norton, for patients with fecal urge
incontinence." A randomized controlled trial"
demonstrated that patients who only practiced
"holding on" to defer defecation improved, as
well as those practicing "holding on" sphincter
exercises and biofeedback.

Taking specificity a step further dictates the
way pelvic floor muscle exercises are taught.
Patients are instructed to "squeeze and lift the
muscles between the legs, as if preventing urina
tion/defecation"; this is thought to enhance cor
tical awareness of the specific function of
the muscles . Simply instructing the patient to
"squeeze and lift" may reduce this effect.

Rothstein et al. suggest that to integrate an
activity or skill into normal, automatic, or uncon
scious function, many repetitions must be per
formed under diverse functional situations.' This
supports the use of ambulatory surface EMGbio
feedback to ensure appropriate muscle recruit
ment in different positions. Furthermore, Grimby
and Hannerz directly relate proprioceptive dys
function to dysfunction of tonic or slow motor
unit recruitment," and so submaximal pelvic
floor muscle contractions with extended hold
times should be practiced.

As with athletes, all patients will start at dif
ferent levels, and so will require patient-specific
exercise programs that are applicable to their
needs. As fitness improves, the program should
become more challenging.

Reversibility: Loss ofFunction with
Deterioration ofCofaetors
In pelvic floor rehabilitation, therapy continues
until agreed goals are reached; e.g., this may be

continence, or reduced incontinence. However,
because of the ageing process" and other factors,
e.g. constipation," when muscles weaken because
of reduction of motor units it is necessary to con
tinue with pelvic floor muscle exercises not only
to keep the training effect but also to compensate
for these additional confounders so as to prevent
incontinence from recurring. This is not true
reversibility, but implies that incontinence symp
toms may worsen if pelvic floor muscle exercises
are discontinued or reduced. However, Bo sug
gests that telling patients that they should con
tinue with pelvic floor muscle exercises for life
may demotivate them." The key is, when strength
training has been carried out successfully, to
integrate the pelvic floor muscles into daily
routine and functional tasks. They should start
to act automatically whenever there is an increase
in intraabdominal pressure, thus, maintaining a
training effect.

Pelvic Floor Muscle Exercises: Coaetivation
ofSynergists

During low levels of activity, the smooth muscle
fibers and fatigue-resistant slow-twitch fibers in
the periurethral part of the levator ani are pre
dominately activated. When activity increases,
fast-twitch fibers are also recruited.?'? The pelvic
floor muscles act along with the abdominal
muscles (especially transversus abdominis [TrA]),
the lumbar multifidi muscles, and the respiratory
diaphragm, forming a cylinder of support for the
spinal column (Fig. 3.1.1).11

The muscles of this cylinder all respond to
changes in intraabdominal pressure; this includes
changes in posture, coughing, walking, talking,
deep breathing, and using the upper limbs. The
timing of this response may be critical, and
studies have shown that a delay in recruitment or
inhibition of the multifidis muscles may be caused
by pain" or muscle weakness." Constantinou
and Govan demonstrated that recruitment of the
periurethral muscles on coughing occurred
250msec before an increase in intraabdominal
pressure." This suggests that a delay in periure
thral muscle recruitment may be a cause of
incontinence. However, Verelst and Leivseth "
have shown no difference in this parameter
between continent and incontinent patients.



180

Diaphragm-~-"""""-

Transversus
abdominis

Pelvic floor--+~~".II'i~

FIGURE 3.1.1. Diagrammatic representation ofthemuscular cyl
inder (capsule) ofsupport for the lumbar spine. It includes the
diaphragm, multifidi, transversus abdominis and pelvic floor
muscles.

Clearly, in health, all of these cylinder muscles
orchestrate their recruitment as required, and so
rehabilitation of the pelvic floor muscles should
include attention to these other muscle groups.
There is evidence of functional activation of the
pelvic floor muscles - in particular pubococ
cygeus - with the TrA muscle," and so it has been
suggested that exercises for the TrA can be used
to indirectly activate the pelvic floor muscles,
and should be part of the rehabilitation program.
The TrA muscle is activated by instructing the
patient to "gently draw in" the lower abdominal
wall, minimizing any movement of the upper
abdominal wall and the rib cage. This contrac
tion should be around 25%of a maximum volun
tary TrA contraction. As the aim is to enable the
patient to use the pelvic floor muscles and TrA
functionally, a normal breathing pattern should
be used . Once both TrA and the pelvic floor
muscles have been identified, they should be
exercised together, aiming for lO-s sustained
contractions repeated 10 times." However, there
are no randomized controlled trials (RCTs) to
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support the training ofTrA alone, and Dumoulin
et a1.22 showed no difference between pelvic floor
muscle strength training alone and combined
with TrA training. Clearly, more research is
needed to clarify the optimum way the pelvic
floor muscles are trained.

A good posture requires that the muscles of the
cylinder of support for the spinal column (pelvic
floor, multifidi, and transverse abdominis) work
synergistically together. An improvement in
posture initially produces increased activity in
the pelvic floor muscles, and so good posture
should be encouraged in sitting and standing.
Exercising on an air cushion or balance ball while
maintaining an upright posture is thought to
recruit the pelvic floor muscles," but more
research is needed in this area .

Another coactivation concerns the glutei
muscles, which contribute to movement of the
coccyx (see Fig. Ll.8, A and B). A mobile coccyx
probably supports the ventro -cranial movement
of the puborectalis muscle and elevation of the
bladder neck.

Concept ofPelvic Floor Muscle
Recruitment inStress Incontinence

Involuntary loss of urine caused by an increase
in intraabdominal pressure, e.g., coughing,
assumes that bladder pressure has exceeded ure
thral pressure; consequently, therapies aimed at
increasing urethral pressure should reverse this
situation and ameliorate the problem (Fig. 3.1.2).
Urethral pressure is caused by a number of factors
including smooth and striated muscles, and
elastic and vascular tissues . In addition, muscu
lar and fascial support of the urethra and bladder
maintains the organs in position (see Chapter
l.l), Of the factors listed above, striated muscles
are the target of physiotherapy, and these include
the striated urethral sphincter muscles and the
levator ani muscle. The urethral sphincter is
responsible for increasing intraurethral pressure,
and the pelvic floor muscles, particularly the
pubococcygeus and puborectalis, are responsible
for elevating the proximal urethra and maintain
ing this position during increased intraabdomi
nal pressure. Clearly,both of these muscle groups
should be targeted in an exercise program. In
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A (

FIGURE 3.1.2. A. Pelvic floor at rest. B. Apelvic floor contraction
results in cranio-ventral displacement ofthebladder neck (arrow
shows the vector) . C. This contraction can actasan opposition
during coughing e.g. Physiologically this contraction is generated
viaareflex and co-contraction. In incontinent patients itis trained

continent women, co-contraction of the pelvic
floor and sphincter muscles is demonstrated
before and during coughing; consequently, this
should be taught to women with SUI on
coughing. This has been described as "The
Knack".' This technique can be applied to any
activity causing incontinence, e.g., lifting. In
many cases, a moderate contraction is sufficient
to prevent urine loss. Using ambulatory EMG
biofeedback or perineal ultrasound (see CD
and Chapter 2.6), patients can monitor their
performance.

Concept ofPelvic Floor Muscle
Recruitment in Urge Incontinence

The perineodetrusor-inhibiting reflex described
by Mahoney et al. clearly describes detrusor inhi
bition as a response to pelvic floor muscle tone."
Consequently, one can assume that the greater a
pelvic floor muscle contraction, the greater the
inhibition. As most patients with an overactive
bladder cannot maintain a strong contraction
during an episode of urgency, they may need
to perform several maximum contractions of
shorter duration, with a minimal rest period
(e.g. 1s) between contractions. As the detrusor is
made of smooth muscle, it is very slow to respond,
and so a short pause in the pelvic floor muscle
contraction should not diminish the inhibitory
effect. This is a further example of the principle
of specificity in a training program.

asa pre-contraction ("Knack"). (Source: modified from Schussler
B. Aims of pelvic floor evaluation. In: Schussler B, Laycock J,
Norton P, Stanton S, editors. Pelvic floor re-education: principles
and practice. London :Springer-Verlag; 1994:39.)

Adherence to an Exercise Protocol

The evidence supporting factors that influence
motivation/adherence to an exercise program for
incontinence is scant. The literature on adher
ence relating to heart disease and asthma high
lights a number of interesting options described
by Chiarelli," Those, as well as other principles
and strategies to enhance recall, are shown in
Boxes 1_3.18 The aims of pelvic floor rehabilita
tion are to teach an appropriate exercise program,
which, along with advice on types and quantities
of fluid intake, along with medication, will
address the patient's symptoms. Clearly, such a
program requires patient cooperation and will
not be suitable for everyone.

Box #1
Adherence toanexercise regimen depends on:

• The patient's understanding of the diagno
sis and cause of symptoms

• The patient's comprehension and recall of
the exercise program

• The patient's beliefs and understanding
of the long-term consequences of the
condition

• Any barriers to treatment
• The perceived benefits and sequelae of non

compliance
• Ways of increasing the opportunities to

practice
• Providing cues or reminders to practice
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Box #2
Factors toencourage adherence

• Perception of self-efficacy
• Improving communication with the patient
• Goal setting
• Program with minimal lifestyle changes;

least disruptive to daily routine
• Simple (less complex) program
• Check adherence

Box #3
Strategies to enhance recall

• Primacy - presenting the most important
information first

• Stressing and repeating important facts
• Using specific advice
• Check on comprehension by asking patient

to repeat instructions in their own words
• Use written instructions, and , wherever

possible, have the patient write these
• The use of reminders e.g. small colored stick

ers around the house
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3.2
Exercise, Feedback, and Biofeedback
Pauline E. Chiarelli and Kate H. Moore

Key Messages

• Feedback is essential in motor learning.
• Intrinsic feedback: the subject self-assesses or

senses the contraction.
• Augmented feedback: involves the help of an

assessor or device.
• Biofeedback techniques include digital (tactile),

verbal, visual, electromyographic (visual or
auditory), and manometric (simple or com
puterized) methods; perineal and abdom
inal ultrasound; andvaginal retention sensation,
as provided by weighted vaginal cones or
catheters and visual feedback during
cystourethroscopy.

• Proprioceptive, kinesthetic, and tactile per
ception of a pelvic floor muscle (PFM) con
traction are valuable to develop "contraction
awareness."

• Biofeedback can be used for autonomic func
tions, such as detrusor overactivity and bladder
sphincter dyssynergia, during cystometry.

Motor Learning and Biofeedback

Motor learning is a complicated process resulting
in the acquisition of new and, after practice, rela
tively permanent motor skills . There are three
stages to motor learning. The first stage is called
the cognitive stage and involves a person learning
exactly what is required to perform a particular
task and exactly how to perform that task cor
rectly.' In this stage oflearning, feedback is essen
tial if the motor task is to be reproduced precisely.
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The second stage involves "fine tuning" of the
new skill. Mistakes are made less and less fre
quently until, finally, the task becomes automatic
and does not require much attention during its
execution, which is the third stage of skill acquisi
tion .' Although practice of the specific motor
learning task is of prime importance, feedback is
considered the next most important variable.'

When learning how to correctly perform a
motor task, e.g. an effective PFM contraction,
sensory information or feedback is received by
the person either during or after each contraction
attempt. This feedback can be internal (intrinsic:
the subject self-assesses or senses the contrac
tion) or external (augmented: feedback with the
help of an assessor or device).' In the case of
a PFM contraction, intrinsic feedback means
"feeling" the muscle contraction, which involves
proprioceptive, kinesthetic, or tactile cues.'
During initial attempts at PFM contraction, many
women cannot perform or perceive a contraction
and therefore receive little intrinsic feedback . For
this reason, digital assessment of PFM contrac
tions with verbal feedback to the patient/subject
is very important in the early stages ofPFM reha
bilitation.' Subsequently, other forms of aug
mented feedback might be helpful.

Definition

Biofeedback in pelvic floor re-education consti
tutes an operant, cognitive, and respondent
process by which the subject learns to reliably
improve pelvic floor function. It entails repetitive
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responses and repeated teaching. It can involve
pelvic floor functions that are not usually under
voluntary control (such as detrusor muscle con
tractions), as well as responses that are usually
under voluntary control, but are no longer easily
regulated because of trauma or disease (e.g. PFMs
following traumatic vaginal delivery). Biofeed
back can be used to teach women to sustain,
strengthen, direct, or eliminate a body action or
reaction. The ultimate clinical goal of biofeed
back is "self"-control without the need to use
external biofeedback.

Biofeedback in the Rehabilitation of
the PFMs

In PFM rehabilitation, commonly used biofeed
back techniques include digital (tactile), verbal,
visual, electromyographic (visual or auditory),
and manometric (simple or computerized)
methods; perineal and abdominal ultrasound;
and vaginal retention sensation, e.g. as provided
by weighted vaginal cones. Biofeedback can also
be given during a cystourethroscopy showing the
conscious woman an open bladder neck, e.g. and
how it can be closed.

Although augmented biofeedback initially
cons isted ofa simple pressure biofeedback device
introduced by Arnold Kegel in 19484

< (Chapter
3.5), biofeedback has been improved by comput
erization and joined by a number of other bio
feedback methods, including electromyography
(EMG), which records electrical activity within
specific muscles, sensory biofeedback (cones),
PFM contraction indicator devices,"and dynamic
ultrasound.Y

The PFMs are a "hidden" muscle group. Women
with PFM dysfunction are often unaware of the
presence of this muscle group and are unable to
init iate any voluntary contraction. In trying to
perform a PFM contraction, many woman use
primarily other muscle groups such as gluteals
and hip adductors" or perform a Valsalva
maneuver."

Enhancement ofPelvic Floor Awareness

In the early stages ofPFM retraining, the woman's
muscle response might be minimal, and verbal
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feedback from the clinician during vaginal pal
pation can be used to describe a muscular
response that would otherwise be unnoticed by
the woman. This positive feedback should moti
vate the woman to contract the right muscles and
continue with the exercise program. Extrinsic
feedback seems an appropriate strategy during
early intervention.'

To be able to contract, a muscle needs to have
an intact nerve supply. In cases where nerve
supply is at least partially intact, but where
women are unable to initiate a PFM contraction,
verbal instructions describing how a woman
might correctly perform a PFM contraction have
been shown to be quite unhelpful." Forty-seven
women with stress or urge incontinence or pelvic
organ prolapse were first given brief verbal
instruction about how to perform PFM contrac
tion. The women were then asked to perform a
correct PFM contraction while a urethral pres
sure profile was undertaken to ascertain the
effectiveness of their contraction attempt. Only
49% were deemed to have performed an effective
PFM contraction." This study illustrates the fact
that simply telling women how to contract their
PFM is not sufficient. To maximize their PFM
contraction performance, contraction attempts
need to be enhanced by biofeedback.

Tactile and Verbal Feedback

The utilization of tactile sensation is an inexpen
sive and readily available form of biofeedback in
pelvic floor re-education. Proprioceptive, kines
thetic, and tactile" perception of a PFM con
traction are valuable to develop "contraction
awareness." Proprioception, to encourage the
"squeeze" component of a PFM contraction, can
be provided by applying a gentle stretch to the
PFM by parting the inserted fingers laterally or in
the ventral and dorsocaudal direction (Fig. 3.2.1).
Because the levator animuscle is well endowed
with stretch receptors, in most cases, the woman
reports feeling the muscles being stretched and
can be encouraged to "pull the examining fingers
in an upward direction." Th is method can also be
used to provide the resistance necessary within
a muscle-strengthening program. The woman
should be taught the different actions of an effec
tive PFM contraction, which not only includes a



186

FIGURE 3.2.1. Stretching ofthe levator ani muscle (modified from
Laycock J,Clinical Evaluation ofthe Pelvic Floor. In: Schussler B,
Laycock J,Norton P, Stanton S, editors. Pelvic Floor Re-education:
Principles andPractice. Springer-Verlag London Ltd, 1994:43).

"squeeze" action to pull the urethra forward
against the pubic bone , but also a "lifting"
action."

Another inexpensive biofeedback method
involves the use of a large-gauge urethral cathe
ter that is inserted vaginally and then inflated.
This provides beneficial visualization of the cath
eter elevation during pelvic floor contraction and
can also be used in standing (Fig. 3.2.2). Volun
tary retention of the inflated vaginal catheter
during coughing while standing offers excellent
biofeedback and is also a powerful teaching
tool.

P.E. Chiarelli and K.H. Moore

Although digital assessment and feedback of a
PFM contraction by the clinician will support the
exercise program, digital self-assessment by the
woman herself might be considered. However,
digital self-assessment is limited because of the
likely lack of knowledge of a normal pelvic floor.
It has been shown that it is not carried out regu
larly following professional instruction11 because
it can be physically difficult to perform.

Visual Biofeedback

Simple visual biofeedback can be provided using
a hand mirror to watch the PFMs as they con
tract, elevate the perineum, and narrow the
genital hiatus. This has been used successfully
among postpartum women."

Devices that provide visual biofeedback ofPFM
during contraction include the "Pelvic Floor Edu
cator" (Neen Healthcare) (Fig. 3.2.3).5It employs
the use of a vaginal probe with a thin, but long,
plastic rod attached to it. During a correct pelvic
floor contraction - and only then - the rod will tilt
downward, whereas during pushing or coughing
the rod will move upwards."

Kinesthetic Biofeedback

Weighted vaginal cones were initially designed
and described by Plevnik in 1988:4 Varying
weights are inserted intravaginally, above the
level of the PFM, while the woman performs
upright, sedate activities of daily living. Feed
back occurs when the cone begins to slip down
wards in the vagina (kinesthetic perception),
causing the woman to contract her PFM in order
to prevent the cone from escaping the vagina.

FIGURE 3.2.2. An inflated indwelling cath
eter in the vagina provides biofeedback
when it islifted during pelvic floor contrac
tion. Additional traction onthecatheter by
the subject or clinician will enhance the
retention feeling andthe pelvic floor con
traction can betrained to prevent slipping
ofthe catheter.
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FIGURE 3.2.3. The plastic rod isattached
toavaginal probe. With asufficient pelvic
floor contraction the rod rotates dorsally
asthevagina is displaced ventrally.

(Fig. 3.2.4). Anecdotally, older women tend to be
less accepting of the use of weighted vaginal
cones within PFM exercise programs.

Electromyographic Biofeedback

The electrical activity of motor units is generated
by depolarization, registered as motor unit action
potentials, and can be recorded in EMG studies
(Chapter 1.2). Electromyographic signals are
picked up using fine wire electrodes implanted
within a muscle; alternatively, surface electrodes
can be used , but they are considered less specific
than fine wire electrodes. However, fine wire
EMGis not widely used in PFMretraining because
of the invasive nature of the procedure. The EMG
biofeedback can be given as visual or auditory
feedback . Endovaginal and endoanal "surface"
electrodes have been developed and used to

provide EMG feedback during PFM rehabilita
tion. (Fig. 3.2.5). Feedback can be given in
numbers, bars, or curves on a screen showing
how strong a contraction is performed over
time.

Manometric Visual Biofeedback

Kegel designed the first manometric device to
give women an incentive to increase the contrac
tile power of their PFM by providing biofeed
back (Fig. 3.5.1). The perineometer records
changes in vaginal pressure during PFM contrac
tion. Depending on the design and posit ion of the
probe, it will also detect increased abdominal
pressure during straining or coughing.

Vaginal and anal pressure biofeedback units
can directly record the changes in pressure
caused by the contraction of the circumvaginal

FIGURE 3.2.4. Set ofvaginal cones, weighing 20-70 g.The vaginal weight isinserted into thevagina above thelevel ofthelevator ani.
The sensation thatthecone might slip generates a pelvic floor contraction.
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A B

FIGURE 3.2.5. (A and B) Vaginal EMG-electrode and hand-held device used to provide biofeedback. Strength, endurance and timing
ofpelvic floor contractions can bepracticed in everyday situations.

musculature (e.g. in mm Hg) and display them
on a handheld gauge. More sophisticated means
of amplifying the muscle response have emerged,
including using computers to display the muscle
response onscreen. This technique also allows
the examiner to assess the pressure-time rela
tionship of contractions, endurance, and coordi
nation to monitor training progress, and to
compare results intra- and interindividually.

Sonography: Dynamic Ultrasound

Real-time perineal and abdominal ultrasound
offers the opportunity to specifically observe the
elevation of the bladder neck during a PFM con
traction and bladder neck descent during a Val
salva maneuver or coughing (see Chapter 2.5).
Perineal ultrasound has been shown to selectively
depict PFMactivity better than intravaginal EMG
and perineometry,"

Transperineal ultrasound has been used as a
reliable method of demonstrating to women the
contraction of their PFM and the elevation of
their bladder neck. This was used successfully in
women initially unable to voluntarily contract
their PFM.7 More recently, transabdominal ultra
sound has been shown to be an alternative,
although the visualization of the bladder neck is
limited (see Chapter 2.5).18 In response to the

needs of physiotherapists, a small, mobile unit
required only for biofeedback in muscle training
is now available.

Biofeedback toControl
Detrusor Overactivity

Biofeedback can be used in patients with unstable
detrusor contractions and bladder sphincter dys
synergia. During cystometric investigations, the
intravesical pressure is recorded and presented to
the patient as an auditory and visual signal.
Patients watch the urodynamic trace throughout
the test while they try to inhibit detrusor contrac
tions with PFM contractions. The treatment has
had some measure of success, but patients have
to be highly motivated, and the intervention is
time consuming in terms of operator time."

Tactile and Visual Biofeedback
During Cystourethroscopy

During cystourethroscopy, the bladder neck
movement during coughing and pelvic floor con
traction is visible. The patient can be encouraged
to close the bladder neck with a pelvic floor con
traction and keep it closed during coughing (see
video on DVD). This method of biofeedback can
only be applied if there is an indication to perform
an office cystoscopy.
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Summary

To date , there is little evidence that the use of
biofeedback improves the outcomes of regular
pelvic floor treatment programs. Although
various forms of biofeedback are readily avail
able for use and can be very helpful in the indi
vidual pat ient, the value of biofeedback has also
to be measured in terms of improved outcomes
versus cost.

However, the most important judgment has to
come from the subjects, and future studies should
address the woman's perspective on the useful
ness of biofeedback. Understanding pelvic floor
function, teaching correct muscle coordination,
and assessing progress are features beneficially
provided by biofeedback .
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3.3
Electrical Stimulation
Wendy F. Bower

Key Messages

• Large-diameter nerve fibers supplying the
pelvic floor and urethral striated muscles are
stimulated directly by electrical stimulation.

• 35-50 Hz creates a strong pelvic floor
contraction.

• 5-10 Hz, with a pulse width of 0.5-1.0 ms, facili
tates inhibition of an overactive detrusor via
inhibitory motor-neurons of the pudendal
nerve.

• Typical sessions last approximately 20-40 min
daily to once per week for 12 weeks.

• Anatomical vaginal and anal probes allow close
stimulation of the pelvic floor.

• Surface electrodes can be placed on the
perineum and anus if indicated, but the appli
cation time should be longer because of the
high impedance of the skin.

• Electrical stimulation at 35-50 Hz enhances
awareness of the pelvic floor, is better than no
treatment, and is particularly useful in women
who are unable to contract the pelvic floor
muscles (PFMs).

Introduction

Electrotherapy is the application of electrical
current to provoke nerve activity and to stimu
late function in different organ systems. The aim
of electrical stimulation within the pelvic floor
region is to induce skeletal muscle training,
remodel smooth muscle and or connective tissues
and to modulate bladder, bowel, or sexual dys-
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function.' Table 3.3.1 outlines the applications of
electrical stimulation for pelvic dysfunction.

Mechanisms ofAction of
Pelvic Electrotherapy

Activation of the PFMs by electrical stimulation
has been shown in animal experiments to be
primarily caused by the direct activation of
pudendal nerve efferents. Single-fiber electro
myographic (EMG) studies in humans have
shown that pelvic floor stimulation elicits pelvic
striated muscle responses . Electrical stimulation
depolarizes the peripheral somatic motor fibers
of the pudendal nerve within the PFM, which
contract the urethral striated sphincter and draw
in the pelvic floor skeletal musculature. This arti
ficial recruitment of PFM induces a training
effect, allowing the patient to develop sensory
awareness of muscle activity. It also provides an
opportunity for motor planning and practice of
pelvic floor contractions while the muscle is weak
and response is imperceptible. Axonal budding
after denervation, and an increase in vascular
ization and hypertrophy have all been reported
after stimulation of pelvic skeletal muscles.'
Although regular recruitment of any muscle
results in hypertrophy and enhanced fiber effi
ciency, voluntary contraction gives superior
muscle remodeling compared to passive electri
cal recruitment.r"

Depolarization of sensory fibers of the puden
dal nerve also generates a reflex response (elec
tric neuromodulation) with inhibition of an
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TABLE 3.3.1. Application ofelectrical therapy forpelvic dysfunction (ICS Standardization
Terminology of LUT Rehabilitation)

AIMS Mode ofaction
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Facilitatevoiding

Restore continence

Control pelvicpain

Improvesexual function
Improve anal
continence/defecation/constipation

- Stimulateafferent fibers toconvey bladder
fillingsensation

- Stimulate efferent fibers/ detrusor muscle to
induce bladder contraction

- Improve urethral closure
- Re-educate andcondition PFM
- Abolish/reduce detrusor overactivity
- Relax PFM overactivity
- Increase local blood flow
- Enhance vascular and skeletal muscle competence
- Increase gutmotility
- Enhance puborectalis function and external anal

sphincter closure
- Induce appropriate relaxation ofoveractive PFM

overactive sphincter. Besides these so-called
peripheral effects, there are also central effects,
which consist essentially of reorganization, reco
ordination, and awareness of the lower urinary
tract, especially with respect to pelvic floor
function.

The overactive bladder is frequently thought to
be caused by deficient central inhibition. Electri
cal stimulation at optimal parameters serves to
rebalance the descending excitatory information
by artificially act ivating bladder-inhibiting
reflexes. Peripheral effects, such as altered neuro
transmitter concentration, are also seen. It is
known, for example, that beta-adrenergic activ
ity in the detrusor increases after repeat electri
cal stimulation, whereas cholinergic activity is
decreased. '

Methods of Peripheral
Electrical Stimulation

The effect of electrical stimulation depends
on the distance between the nerve and the elec
trode, the excitability of the nerve fibers, the
quality of central pulse transmission, and the
properties of the effector organ." Conduction
speed of nerve fibers increases with fiber diame
ter and degree of myelination. Group A fibers are
the largest and are involved in motor function
and sensory perception, group B fibers serve the
viscera in a sensory and motor capacit y and are

moderate in diameter, and group C fibers are
unmyelinated and primarily involved in somatic
pain responses."

The intensity of the stimulation required
depends on the size of the afferent nerve fiber and
its distance from the electrode. Because of pain
perception, all clinical applications of electrical
stimulation are well below the threshold for
maximal reflex inhibition. The large-diameter
nerve fibers serving striated urethral and para
urethral muscles can be stimulated directly, uti
lizing a frequency close to the natural firing rate
of the motorneurons. Although 50Hz creates a
strong, forceful contraction with minimal fast
twitch muscle relaxation between pulses, it can
produce muscle fatigue. '? Thus, a frequency of
35-40 Hz is commonly used, and attention is paid
to lengthening the rest period between cycles of
wavefronts (known as the "duty cycle").

The inhibitory motor neurons facilitate
max imal inhibition of the overact ive detrusor
at 5-10 Hz.II If stimulation is applied close to
non-muscular pudendal nerve afferents, weaker
impulses will affect bladder inhibition. Pulse
width is optimally 0.5-1.0ms, with stimulation
being either continuous or involving a very short
duty cycle.

Historically, there are two main methods of
electrical stimulation; chronic low intensity stim
ulation over a long period or maximum vaginal!
anal stimulation over a short per iod. Chronic
stimulation is based on daily stimulation over
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A

FIGURE 3.3.1. A.Different available vaginal and anal probes. B.Different hand-held displays.

B

1-12 hours via vaginal or anal plugs for a dura
tion of up to 12months." The impulses are bipha
sic and weak, with a maximum of 12V. The duty
cycle is set so that the rest phase is at least double
the working time. This method of stimulation
favors PFM weakness. The time commitment
required by the patient reduces the acceptance of
this method.

Most clinicians prefer to use maximum electri
cal stimulation for overactive bladder symptoms
or mixed urinary incontinence. Individual treat
ment sessions last around 20 minutes and are
applied anywhere from daily to once per week for
a period of at least 12 weeks. Monophasic cur
rents are delivered by vaginal and/or anal plugs
at an intensity close to the patient's limit of toler
ance. Because the vagina offers a route of low
impedance (lowresistance ofthe vaginal mucosa),
current delivery via probe electrodes has been
favored. The currently available probes are ana
tomically shaped to allow good contact to the
pelvic floor muscle and/or anal sphincter (Fig.
3.3.1).

However, stimulating the branches of the
pudendal nerve that are mainly or exclusively
sensory nerves using surface electrodes (dorsal
penile/clitoridal nerve) is also common practice.
Electrodes can be placed at the anus or perineum
and just inferior to the pubic symphysis or coccyx.
Treatment of the overactive bladder variously
utilizes anogenital electrodes, transcutaneous
delivery (transcutaneous electrical nerve stimu
lation [TENS]), sacral nerve electrode stimula
tion , percutaneous posterior tibial nerve needle

electrodes, or an electromagnetic field induced in
the pelvic region. Surface electrodes, such as
those used in TENS,offer the possibility oflonger
term current application, and perhaps enhance
the effect on neural plasticity. Stimulation can
be provided by a Mains-powered or portable
battery-operated machine, making daily home
treatment realistic.

Electrical Stimulation in Practice

Electrotherapy aims at developing PFM aware
ness, increasing PFM bulk, strengthening the
perineal closure reflex, or inhibiting detrusor
overactivity. As part of an overall treatment
approach, adjunctive electrical stimulation has a
role for patients of both genders who present with
PFM weakness (with or without urinary inconti
nence), fecal incontinence, urge or mixed type
incontinence, PFM overactivity, or pelvic/peri
neal pain syndromes.

It is important to place the role of electrical
stimulation in context; can the patient expect a
cure or appreciable improvement, is it merely
"worth a try" until scheduled surgery, or is it
adjunctive to other intervention methods? Simi
larly, the motivation and beliefs of a patient affect
compliance in attending appointments or using
the treatment at home. Previous negative sexual
experiences may also limit the use of genital elec
trical stimulation. Rarely is electrotherapy a
stand-alone treatment, but more often occurs
with associated pelvic floor exercise regimes or
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FIGURE 3.3.2. Position ofavaginal probe between thelevator ani
crura and an anal probe (Source: Laycock, J. Plevnik S, Senn E.
Electrical Stimulation In: Schussler B, Laycock J,Norton P, Stanton
S, editors. Pelvic floor re-education. Principles and practice.
London: Springer-Verlag; 1994144.)

bladder-training maneuvers. Some patients are
unwilling to focus so acutely on self-help, prefer
ring medication or surgical correction.

Contraindications to the use of electrical
stimulation include: poor patient cognition,
pregnancy, puerperium, atrophic vaginitis or
recurring infection, recent or recurrent hemor
rhage, and adverse skin reaction under surface
electrodes. Some initial irritative symptoms may
be reported" when commencing stimulation with
body cavity electrodes, which can be managed
effectively with shorter progressive treatment
sessions." The presence or history of a local
malignancy is generally considered a contraindi
cation to electrotherapy because current may
stimulate rapidly dividing cells. However, in
practice, this concern has not been proven. For
similar reasons, the use of electrotherapy in
pregnancy has never been advocated.

Evidence for Use of
Electrical Neurostimulation

In general, the results of electrical stimulation in
the management of lower urinary tract (LUT)
symptoms and PFM dysfunction are difficult
to interpret because electrical stimulation
offers numerous combinations of current types,
waveforms, frequencies , intensities, and elec
trode placements. Electrotherapy description
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should ideally specify the mode of application,
stimulation site, electrical parameters, pro 
tocol, and equipment characteristics (Interna
tional Continence Society standardization LUT
rehabilitation).

Stress Urinary Incontinence

Electrical stimulation is adjunctive to voluntary
exercise in increasing the strength and recruit
ment of a weak PFM and should be the introduc
tion to specific functional recruitment of the
PFM. Clinicians usually are not in favor of elec
trical stimulation as a stand-alone modality once
a patient has achieved palpable voluntary recruit
ment of the PFM.

Electrical stimulation is known to be better
than no treatment at all." In regard to electrical
stimulation versus placebo electrical stimula
tion , "in women with SUI the findings of two
good quality trials using similar stimulation pro 
tocols are contradictory.t " :" Most of the other
trials favored electrical stimulation over placebo
stimulation.P'":" However, in some cases, the
placebo devices generated stimulation of a limited
output, which the investigators considered would
not have a therapeutic effect. There is no trial
comparing vaginal versus anal electrical stimula
tion for the indication of stress incontinence.

Pooled data for electrical stimulation versus
PFM training alone found self-reported cure and
improvement to be greater in women not using
electrotherapy. Not all studies measured urine
leakage or utilized valid quality of life measure
ment tools . It could be argued that once a patient
has sufficient muscle awareness and motor
control to recruit the PFM that electrical stimula
tion is no longer appropriate and, therefore,
studies should only include subjects with imper
ceptible voluntary muscle activity. No evidence is
currently available to indicate that add ing elec
tri cal stimulation to biofeedback-assisted PFM
training is beneficial ."

Urge and Mixed Incontinence

Symptoms of mixed stress and urge incont
inence should theoretically respond to a tailored
program that includes stimulation at both 50Hz
and <20Hz. This addresses deficiencies in both
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PFM strength and central inhibition. A 40
minute program divided evenly between the two
protocols has been suggested; however, if surface
electrodes are used to deliver the inhibitory
current, longer duration treatment is probably
warranted. Evidence from two studies":" did not
find added self-report or objective benefit from
electrical stimulation given in addition to active
PFM exercises. Again, it is possible that the sub
jects were already competent in PFM recruitment
and not initially a suitable subject for electrical
stimulation.

Fecal Incontinence

Anal continence requires sensory feedback from
the anorectum and the ability to discern rectal
distension." The internal anal sphincter will
relax in response to fecal fullness, leaving conti
nence dependent on closure pressure exerted by
the external anal sphincter." It has been postu
lated that in addition to actual skeletal muscle
hypertrophy, electrical stimulation may induce
plastic changes centrally and increase the repre
sentational area of the anorectum." A Cochrane
review of trials using electrical stimulation for
fecal incontinence highlighted the difficulties in
comparing treatment approaches that used dif
ferent protocols, parameters, and clinical appli
cations. Nonetheless, it was noted that electrical
stimulation "may have a therapeutic effect" in
patients with fecal incontinence and that efficacy
could only be determined after appropriately
sized randomized controlled trials."

Overactive Pelvic Floor and
Voiding Dysfunction

Voluntary relaxation of the external urethral
sphincter and the PFMnormally precedes activa
tion of the micturition reflex and subsequent
voiding. Either detrusor weakness (hypocontrac
tility or acontractility) or incomplete relaxation
of the PFM may precipitate urinary retention and
voiding difficulties. Fowler et al.25 described a
series of young women with urinary retention
and abnormal electrical activity in the urethral
sphincter EMGwhose sphincter overactivity was
associated with impaired relaxation of the pelvic
floor muscles .

W.F.Bower

To date, none of the pharmacological thera
peutic options to treat pelvic floor spasticity have
proved efficacious. Although alpha-blockers
improve obstructive voiding symptoms in men,
this is not the case in patients with impaired
capabilityof relaxation of the pelvic floor muscles.
A study of intrasphincteric injection of botuli
num toxin in six women with nonneurogenic
pelvic floor dysfunction did not show any
benefit.":" Electrotherapy applied across the
sacral region has application for both urinary
urge incontinence and urinary retention." It
is not known whether the mode of action is
enhanced PFMproprioception facilitating greater
awareness of PFM and sphincter relaxation or
deactivation of the urethral guarding reflex."
Shaker and Hassouna reported the treatment
of 20 patients with nonobstructive retention.
Voiding function improved significantly during
stimulation, but most of the patients were unable
to void without having the sensation of the stim
ulation. This may support the proposition that
the stimulation has a modulatory, but not stimu
latory, effect on the afferent nerve pathways ."
Additional clinical and experimental studies are
required to elucidate the true efficacy of electro
therapy for the overactive PF.
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Extracorporeal Magnetic Stimulation
Alastair R. Morris and Kate H. Moore

Key Messages

• Magnetic stimulation is an electric current that
is induced by a time-varying magnetic field.

• Deep structures can be stimulated without
pain; stimulation is generated externally.

• Sessions with 10Hz to reduce overactive bladder
symptoms and with 50Hz to treat stress incon
tinence are commonly used over 6-8 weeks, 1-2
times per week.

• Success rates vary and decline over time, with
a maximum of 33% of patients being dry.

Introduction

Until recently, stimulation of the pelvic tissues
was only possible by the direct application of
electrical current. However, new devices utilizing
a pulsed electromagnetic field have been devel
oped, which may achieve a similar effect. This
chapter will describe the theory upon which
magnetic stimulation is based, indications for
its use, and summaries of current clinical
experiences.

Principles ofElectromagnetic
Induction Therapy

Magnetic stimulation therapy is based on the
principle that an electric current can be induced
by a time-varying magnetic field.Modern devices
contain a coil through which a large alternating
current is passed, thereby generating a constantly
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changing magnetic field. The changing magnetic
field induces local eddy currents in tissues lying
within it. The eddy currents in turn evoke depo
larization of adjacent peripheral nerves, with
stimulation of the pelvic floor muscles (PFMs).

The characteristics of the magnetic fielddepend
on several factors. Strength is primarily deter
mined by the current applied to the stimulating
coil, and the larger the current the stronger the
field. However, field strength reduces inversely
with the square of the distance from the stimulat
ing coil. Shape is determined principally by that of
the coil itself. Singlecoils produce a doughnut-like
field with centrally reduced stimulation, whereas
double coils generate a field that is saddle shaped .

Unlike electrical current, a magnetic field is
not significantly attenuated by skin tissue . Con
sequently, deep structures can be stimulated
without causing the cutaneous pain that often
limits conventional electrostimulation.' Addi
tionally, probes do not need to be inserted into
the vaginal or anal canal, allowing the patient to
remain clothed throughout treatment. Some
devices have been developed to allow treatment
at home, but the majority still require hospital
attendance.'

Reponse ofNeuromuscular Tissue to
Electrical and Magnetic Stimulation:
How Does It Work?

Depolarization of neural tissue following either
electrical or magnetic stimulation appears indis 
tinguishable.Y Thus, presumably, they affect the
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pelvic floor musculature in a similar fashion.
Magnetic stimulation may lead to hypertrophy of
the PFM, alter the proportions of type 1 and 2
fibers, and allow greater recruitment if a neuro 
trophic effect occurs. However, no studies have
assessed histological changes in striated or detru
sor muscle fibers after magnetic stimulation.
Optimal electrical stimulation of striated muscle
is achieved using a 50-Hz current,' whereas inhi
bition of detrusor contraction is maximal using
10Hz.6

The acute mechanism of action of magnetic
stimulation on detrusor function is unknown.
Early studies suggest that electrical stimulation
of the pudendal nerve evokes reflex inhibition of
the detrusor muscle and contraction of the
striated pelvic musculature." In both normal
patients' and those with idiopathic detrusor
overactivity (DO),8 there is an immediate fall in
intravesical pressure after magnetic stimulation
is applied over the sacral foramina, suggesting
immediate detrusor relaxation. McFarlane sug
gested that this reflex cannot be mediated entirely
by contraction of the external sphincter, and pos
tulated that inhibition of parasympathetic effer
ent output by blockage of sensory afferent and
sympathetic input is the most likely effect. Hyper
reflexic bladder contractions in spinally injured
patients can also be decreased by stimulating the
sacral nerve roots with a handheld magnetic
unit."

In a group of patients with neuropathic DO,
bladder capacity at initial desire to void increased
from 175ml (±67) to 225ml (±65; P = 0.017) when
magnetic stimulation using a chair device was
applied during cystometry. The maximum cysto
metric capacity (MCC) also rose significantly
from 290ml (±62) to 348ml (±69; P = 0.003), as
did the maximum urethral closure pressure (P <
0.0001). Similarly, among 10 women with idio 
pathic DO, a significant rise in MCC (P = 0.02)
was observed, in addition to a significant reduc 
tion in maximum detrusor pressure (P = 0.004V '
These findings have also been noted during
ambulatory monitoring of 8 patients with idio
pathic DO following therapy,"

Hence, acute extracorporeal magnetic inner
vation (ExMI) appears to contract the urethra,
reduce contraction of the detrusor, and allow a
larger bladder capacity.
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Indications

Magnetic stimulation is useful to treat stress
urinary incontinence (SUI) and may have a role
in treating the overactive bladder. It is contrain
dicated in patients with either a cardiac pace
maker or metallic hip implant.

Treatment Protocols

No standardized treatment regime has been
accepted. Most published protocols are modeled
on those traditionally used for electrical stimula
tion. These often require 2 to 3 treatments per
week over a 6 to 8 week period. Individual treat
ment sessions generally comprise two 10-minutes
cycles of maximal-tolerated therapy separated by
a short rest period (often 2 minutes). The first
period of stimulation generally uses a low fre
quency (5-15 Hz) and the second a higher one
(50Hz). No randomized controlled trials (RCTs)
have reported data comparing the effects that
this may have on pelvic floor or detrusor
muscle .

Two categories of magnetic stimulation device
are currently commercially available. These are a
portable hand device that is placed over the sacral
area to stimulate the sacral nerve roots or a chair
like device containing the magnetic coil in its
base , such as the Neotonus" Chair (Fig. 3.4.1).
Stimulation using the latter device is commonly
called ExMI and has received Federal Drug

FIGURE 3.4.1. The Neotonus®chair.
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TABLE 3.4.1. Randomized sham controlled trialofneotonus ExMI
in USI13

Studies Relating to Pure Urodynamic
Stress Incontinence

Administration approval in the United States for
the treatment of SUI. Although handheld devices
require the constant presence of an operator, the
chair-like device does not. No RCTs have been
undertaken to compare the efficacy of these two
types of device.

Two RCTs in patients with proven urodynamic
stress incontinence (USI) have been reported. In
the first, 70 patients were randomized equally to
receive active ExMI using a Neotonus Chair or
sham therapy on an identical, but nonfunction
ing, device." Concurrent symptoms of OAB were
not exclusion criteria. All patients also under
went a "low-intensity" PFMexercise training pro
gram supervised by a physiotherapist." Unfort
unately, the sham group was significantly more
wet at the baseline of the 24-hour pad test . At 8
weeks, 17%of active treatment patients were dry
versus 9% of sham patients, presumably the latter
as a result of the PFM training program (Table
3.4.1). Both had similar significant reductions in
pad test leakage.

The reported success of treatment has varied.
After twice weekly treatment over 6 weeks (n =
64), 36 patients were reviewed at 6 months with
10 (28%) being dry and 8 (22%) using less than 1
continence pad per day." At 1 year, 27 patients
were seen, of whom 11 (38%) remained cured
with 12 (41%) improved. "

In contrast, in 91 patients treated twice weekly
over 8 weeks, 34 (37%) were dry immediately
after treatment, although by 3,6, and 12 months,
47%, 61.7%, and 94%, respectively, had become
wet again. IS

In another trial, 17 pat ients with USI and 20
with urge incontinence received combined lO-Hz
and 50-Hz therapy. " Of the urge patients, 25%
were dry on bladder diary, whereas 53% of the
USI women were dry on l-hour pad test and
bladder diary. Urodynamic data was not fully
reported, but only 8 of the 20 urge patients had
DO, so the study is difficult to interpret.

Two randomized trials involving sham therapy
are currently available. The largest recruited 44
consecutive patients with idiopathic DO and
administered 20 treatments at 10Hz over 6 weeks,
using the Neotonus Chair." A sham chair con
taining a deflector plate was available, which was
indistinguishable in sight and sound from the

Studies Relating toPatients with USI
and Urgency/Urge Incontinence

The protocol of the second RCT (n = 62) uti
lized a hand held device placed over the sacrum.IS

However, active therapy comprised only a single
treatment at 15Hz, rather than the usual 50Hz
for SUI, and outcome was determined after only
1 week. Though intergroup differences in leaks
per day and pad loss were significant, so were the
reductions in the sham group alone. Why such a
short treatment should result in an immediate
and identifiable effect is unclear, as muscle hyper
trophy normally takes 8 weeks to become clini
cally evident.

Studies Relating tothe
Overactive Bladder

10.1 (3.1)*
19.4 (4.6)**
2.7 (0.4)*
5.3 (0.4)
0.6(0.1)*

71.2 (3.3)**
6.9(0.7)***

22.0 (5.2)**
32.4 (6.7)
1.9(0.4)
4.6(0.4)
1.0 (0.1)

67.3 (4.4)*
8.6(1.0)

Posttreatment
(Mean, SD)

24.0(4.7)
39.5 (5.1)
1.6(0.3)
5.0(0.4)
6.9 (0.1)

63.7 (2.8)
9.6(0.8)

37.2 (7.2)
39.9(7.4)

1.7 (0.3)
4.4(0.4)
1.2 (0.2)

62.6(4.0)
9.7 (0.9)

Pretreatment
(Mean, SD)

* P< 0.05; ** P< 0.01; *** P< 0.001.

Active neotonus
24-hour pad test
20-min pad test

PFX strength
CMR score
Pads/day onFVC
IQOL
Kings HQ
Sham chairgroup
24-hourpad test
20-min pad test
PFX strength
CMR score
Pads/dayonFVC
fQOL
Kings HQ
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active chair. Only 29 patients (65%) completed
the protocol, 15(51%) receiving active therapy. At
6 weeks after treatment, active therapy only sig
nificantly decreased episodes of urgency P =
0.003 over sham therapy.

In the other trial, 37 women with OAB symp
toms were randomized to a single treatment at
15Hz using a handheld magnetic device placed
over the sacrum, or sham therapy with assess
ment one week later," Intergroup comparison
showed leaks per day and volume per void
decreased significantly with active treatment
(P =0.04 and P =0.04, respectively). Again, it is
unclear how a single treatment could achieve this
significant benefit.

In a small open trial of 18 patients with idio
pathic DO,only 9 completed the protocol of twice
weekly treatments for 6 weeks; the rest found it
too time consuming." Of these 9, urge symptoms
improved in 8, but urge incontinence improved
in only 2 cases.

Fecal Incontinence

A small study of 16women who were treated for
fecal incontinence at both 5 and 50Hz on the
ExMI chair revealed a significant reduction of the
modified Wexner score from 10/24 to 7/24 (P <
0.05) after 8 weeks." The best response was seen
in women with an intact anal sphincter and weak
levator muscles; those with fecal urgency or a
diarrhea component did not respond.

Place ofExMI ina Pelvic Floor
Rehabilitation Program

The place of magnetic stimulation in a pelvic
floor re-education program remains uncertain. It
is generally well tolerated and avoids the place
ment of internal probes. However, the equipment
is expensive and the chair device is not portable.
Consequently, these techniques may be difficult
to offer outside of specialist clinics, although
small devices for home use have been trialed.'
Current protocols are based on those developed
for traditional electrical stimulation, so multiple
weekly attendances are required. Women find
this time consuming, so they must be highly
motivated before commencing treatment. Many
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fail to complete their treatment regime because
of the onerous time commitment needed.P:"

The optimal ExMI regime has yet to be defined,
and this should be addressed by well-constructed
RCTs. Adequate sham limbs in such studies
are technically difficult to achieve, and few have
been published so far. The high rate of attrition
amongst women in such trials suggests that
multicenter studies will be required to achieve
adequate power. Short-term benefits in SUI are
frequently reported, but consistent mediuml
long-term data to confirm ongoing benefit is
lacking. Units offering ExMI participate in well
constructed clinical trials to help answer these
questions.

In women with USI who are unable to isolate
or adequately contract their PFM, magnetic stim
ulation has proven benefit over sham therapy." It
has also been pointed out that ExMI using a chair
device was particularly well accepted by elderly
women." However, once magnetic stimulation
therapy ends, its benefits often rapidly disappear
and a continued program of treatment appears
necessary to maintain any improvement.
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3.5
Devices
Ingrid Nygaard and Peggy A. Norton

Key Messages

• Intravaginal resistance device;weightedvaginal
specula, and cones (weights) can be used to
assess and train the pelvic floor.

• Pelvic floor muscle training with vaginal cones
(weights) has been shown to significantly
improve stress incontinence symptoms.

• "Bladder neck-supportive devices" like spe
cial continence tampons, the Conveen conti
nence guard, and urethral pessaries brace the
bladder neck during increased intraabdominal
pressure.

• Intraurethral inserts and urethral suction caps
can be used to prevent urinary leakage ,
although efficacy data is scarce .

• To control pelvic organ prolapse, supportive
and space-occupying pessaries can be inserted
vaginally.

Introduction

There are a variety of devices that can be used
to train pelvic floor muscles and to treat pelvic
floor disorders. Those used for pelvic floor train
ing are an important source of biofeedback and
objective outcome measurement for pelvic floor
rehabilitation. Devices worn in the vagina are
non-surgical options in the treatment of pelvic
organ prolapse and stress urinary incontinence
that can be used in many clinical settings. In this
chapter, we will outline the indication and use of
these devices.

Devices Used toTrain Pelvic
Floor Muscles

Devices can be used both to assess the strength
of pelvic floor muscles and to train these muscle
groups. Although biofeedback and electrical
stimulation are covered in Chapters 3.2 and 3.3,
this section will describe vaginal devices used for
both assessment and training.

Intravaginal-resistance devices consist mostly
of perineometers, which are modified from
Arnold Kegel's original design (Fig. 3.5.1.); these
devices are inserted into the vagina and provide
a visual display of pelvic floor contraction
strength. A perineometer is essentially a simple
pressure gauge that measures vaginal pressure,
but it cannot dist inguish between pressure gener
ated by vaginal muscles from pressure generated
by abdominal pressure.' Some modifications
include EMG electrodes at the base of the probe
to isolate pelvic floor muscle activity. They are
available directly to patients on the internet
through a variety of sources. Although some
patients will find the visual display helpful, a
recent study found digital examination worked
well with a per ineometer device in assessing
pelvic floor strength.' Several groups have
reported a vaginal speculum designed to assess
pelvic floor muscular strength.'

Vaginal weighted cones were designed to both
assess PFMS and to further train the pelvic floor
with a set of increasing weights .' :" When placed
in the vagina, the sensation of losing the cones
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FIGURE 3.5.1. Original Kegel perineometer as sold in 1949.

prompts a pelvic floor contraction so as to retain
the cone. No fitting is required, and patients
insert the device for a prescribed period of time
daily. They are available to professionals
and through direct marketing to patients
themselves. A recent Cochrane review of vaginal
cones concluded that vaginal weighted cones
are better than control treatments (level 1 evi
dence) for self-reported cure or efficacyin women
with proven stress urinary incontinence. '
However, several randomized trials' " have found
equal efficacy in women using vaginal cones and
those doing pelvic muscle training without
devices; in some trials, pelvic muscle training
performed without cones was more effective."
There is no information available to determine
which women are more likely to benefit from
vaginal cones.

I. Nygaard and P.A. Norton

Devices used to Treat Pelvic
Floor Disorders

Surgery for pelvic floor disorders such as stress
urinary incontinence and pelvic organ prolapse
is functional surgery; instead of removing a dis
eased organ, these procedures are aimed at
restoring or improving the function of the pelvic
organs. By its nature, such functional surgery
cannot be guaranteed to restore continence and
support to its original state. Given that a third of
surgeries for pelvic floor disorders fail," alterna
tives to surgery may offer less risk and expense
to many women for the management of pelvic
floor disorders. Devices are widely available, but
require some professional intervention to deter
mine the correct use and fit, similar to a contra
ceptive diaphragm. Little has been published on
their use, possibly because there is no industry
support for (or profit from) conducting properly
controlled clinical trials.

Intravaginal Devices for Pelvic
Organ Prolapse

Vaginal pessaries have been used for many cen
turies, but improvements in materials and design
have increased the usefulness of these devices for
prolapse.

Indications for a pessary in the management of
pelvic organ prolapse (POP) include patients who
desire nonsurgical management of the condition.
Although a few women are unable to undergo
surgical management because of medical prob
lems, a larger number of women might be inter
ested in a pessary because it manages the prolapse
without the need to undergo surgery. In our prac
tices, pessaries are used successfully in women
who cannot take time off for surgery, such as
mothers with small children at home and women
with busy careers outside the home.

Willingness to use a vaginal device may be
cultural, especially in areas where contraceptive
diaphragms are used. An Australian study"
found that only 21% of 104women who presented
to a community continence clinic stated that they
felt very comfortable about inserting a device
into the vagina and half felt uncomfortable. At
the University of Iowa, two thirds of 190 women
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(mean age 57.4 years, range 15-89) who were
offered a trial of pessary to manage stress or
mixed incontinence were interested in trying
one."

The best clinical scenario for pessary use in
prolapse is an anterior and/or apical defect (cys
tocele, uterine prolapse, vaginal vault prolapse) in
a woman with a narrow pubic arch and good
pelvic floor strength. Obstetricians are familiar
with the assessment of the angle at which the
pubic rami meet at the symphysis; a wide arch in
which three or more fingers can be placed is less
likely to hold the ventral/caudal edge of a pessary.
The pelvic floor braces the dorsal edge of many
pessaries, and in the absence of intact pelvic floor
muscles one must consider the use of pessaries
that utilize suction or inflation ("space-occupying
pessaries"). If the vaginal capacity is reduced
after surgery, a narrower pessary may be needed
(oval, Hodge, cube.) Reported risk factors for
pessary failure include a shortened vagina and a
wide levator hiatus. "

Supportive pessaries (which depend on some
levator muscle support to stay in place) include
the Gehrung, Hodge, Shaatz, and rings and ovals
with support (Fig. 3.5.2). The pessary we use the
most is the ring with support, in sizes 3 and
4 (refers to diameter in centimeters .) In a survey
of members of the American Urogynecologic
Society, 22% of respondents used the same
pessary, usually a ring pessary, for all support

~. e·· 0
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FIGURE 3.5.2. Support pessaries used to treat pelvic organ pro
lapse.Top left,Gehrung (Milex); topright, Hodge (Milex); middle,
Shaatz (Mentor); bottom left, ring with support (Milex); bottom
right, oval with support (Mentor).
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FIGURE 3.5.3. Space-occupying pessaries used to treat pelvic
organ prolapse. Top row: left, cube; middle, doughnut; right,
Gelhorn (all three by Milex) . Bottom row: left, cube with drainage
holes (Mentor); middle, inflatoball (Milex); right, Mar-land
(Mentor) .

defects. IS In the remainder that tailored the
pessary to the defect, a ring pessary was more
common for anterior and apical defects, a Gelhorn
was more common for complete procidentia, and
a doughnut was more common for posterior
defects. A similar management strategy was
employed by Wu et al.," who always used a flexi
ble ring pessary as the first pessary tried. Seventy
percent of women were successfully fitted with a
size 3, 4, or 5 ring pessary. In one questionnaire
surve y," physicians reported that ring and
doughnut pessaries were the most common pes
saries used . However, other centers use different
strategies; Sulak et ali used a Gelhorn pessary in
96 out of 107 women with symptomatic pelvic
organ prolapse. "

Supportive pessaries generally allow coitus
while wearing the device. They are the easiest
pessaries to use because they fold to a smaller
dimension for insertion, but may not be sufficient
to support large prolapses. Pessaries are easiest
to insert lying down, easiest to remove standing
up, and may require digital bracing per vaginam
during bowel movements. Some women have dif
ficulty removing the pessary; in such cases, we
recommend tying a strand of dental floss around
the ring so that the pessary can be pulled out by
the floss.

Space-occupying pessaries include the cube,
doughnut, Gelhorn , and inflatoball (Fig. 3.5.3).



204

These pessaries are more difficult to insert and
remove, but work when the device would other
wise be extruded, such as with larger prolapse,
poor pelvic floor strength, or wider pubic arch.
Of these, we use the doughnut and the Gelhorn
with the most frequency. The doughnut is simply
pushed into the vagina (a difficult task if the
introitus is scarred or atrophic), whereas the disk
of the Gelhorn is fitted behind the symphysis,
similar to a ring pessary, but the knob is aligned
parallel to the axis of the vagina and facilitates
placement and removal. The cube has a relative
suction effect and may be effective in the case of
lax vaginal walls, but generates significant dis
charge and, in our experience, is more prone to
excoriation and ulceration than other pessaries.
The inflatoball is pumped up with a small bulb
and is similarly prone to excoriation, unless care
is taken.

Werecommend that women remove the pessary
at least weekly, leave it out overnight, and then
reinsert in the morning. In our experience,
women rarely encounter excessive or malodorous
vaginal discharge using this approach and, thus,
have little use for creams other than estrogen.
Space-occupying pessaries are sometimes diffi
cult for a woman to remove on her own. In such
a case, we try to estimate the appropriate interval
between pessary removals in the following
manner. We first examine women two weeks
after initial pessary insertion. If discharge is
minimal and no erosions are present, we examine
next at four weeks. Similarly, if the examination
is reassuring, we examine again after six weeks,
and so on. The appropriate pessary interval is
either a maximum of three months or the inter
val at which we see foul-smelling discharge or
early erosions.

After an initial 2-week and 3-month check, we
examine women who manage their own pessary
without difficulty yearly. In women who retain
the pessary for several months at a time, we
believe that a visual inspection of the vagina
should occur at least twice yearly. It is important
to examine the anterior and posterior vaginal
walls during the examination (by turning the
speculum 90 degrees), as well as the obvious
lateral walls that are visible when the speculum
is placed in the usual fashion. We have seen
several women with large recto-vaginal or vesi-
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covaginal fistulae caused by pessaries; in all cases
they were undergoing regular examinations by a
physician. It is possible that unseen erosions
under the speculum blades may have heralded
the beginnings of such pressure ulcers .

Several series have demonstrated that pessa
ries are useful. In one study, 74% of 110 women
were fitted successfully," Of the 62 women who
used a pessary for more than one month, 66%
were still using it after 12 months. In another
series, half of 107 women fitted with a pessary
continued to use the device at the time of manu
script preparation (average length of use was 16
months)."

In a prospective study, 73 of 100 women with
symptomatic POP were fitted successfully with a
pessary," Two months after fitting, only 3% of
women reported a bulge, compared to 90% at
baseline. Other symptoms that improved with
pessary use included pressure, discharge, and
splinting. One third of women had urge inconti
nence at baseline; this improved by 54%. Twenty
three percent had voiding difficulty at baseline,
which improved by 50%. At 2 months, 92% were
either very or somewhat satisfied with their
pessary.

Intravaginal Devices for Stress
Urinary Incontinence

Devices in this category are worn in the vagina
and work as a "back-stop" to brace the bladder
neck during increased intraabdominal pressure.
The vaginal pessary has undergone some modi
fications for use in women with stress inconti
nence , but there are other devices for this
indication that are not pessaries. Many women
report use of their contraceptive diaphragm
as being effective.F:" A short menstrual tampon
may be inserted just comfortably inside the
introitus; patients need to be instructed to use the
tampon under dry conditions, which improves
the adherence of the tampon. We instruct patients
to use this "tampon trick" with a super tampon,
and only on an occasional basis . The Conveen
Continence Guard is available in some countries,
and is a polyurethane foam cushion that is folded
on its long axis and placed in the vagina. When
moistened and partially unfolding, it acts as a
backstop under the bladder neck. The device is
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available in three sizes and is worn for up to 18
hours then discarded. Several studies have docu
mented good tolerance and significant reductions
in urine loss with use.22,23

Non-supportive devices include a urethral
insert (Rochester Medical, Inc.) and urethral
suct ion caps, 24-26(Uromed, not currently avail
able.) Such urethral plugs and caps have been
studied with some success , but do not seem to be
popular in clinical practice. Examples of non
pessary devices for incontinence are shown in
Figure 3.5.4.

Pessaries modified for use in incontinent
women essentially are "bladder neck-support
ive" during increased intraabdominal pressure.
They include rings with knobs placed at the
bladder neck, the Hodge pessary inserted back
wards and upside down, the incontinence dish
with support, PelvX ring, and the Suarez ring
(Cook Urologic) (Fig. 3.5.5). Some women may
wear these devices for activities only, whereas
others need to wear them on a daily basis . Care
of these pessaries is similar to that for supportive
pessaries.

Although use of a short super tampon may be
suggested on a temporary bas is, we use the incon
tinence dish as our main incontinence pessary.
Patients will immediately see the advantages
(effective, no surgery) and disadvantages (small

FIGURE 3.5.4. Examples of devices used to treat stress inconti
nence that are not pessaries. Top row: left, contraceptive dia
phragm; right-urethral suction cap (was marketed by Uromed,
currently not available) . Bottom row: left, menstrual tampon;
right-urethral insert (Rochester Medical, Inc).
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FIGURE 3.5.5. Incontinence pessaries.Clockwise from top:Incon
tinence dish with support (Mentor), Incontinence dish (Milex),
PelvX ring (DesChutes Medical Products), Suarez ring (Cook Uro
logic), Incontinence ring withsupport (Milex), Incontinence dish
withsupport (Milex); middle: Introl prosthesis (was Johnson and
Johnson; currently notavailable).

amount of bother with insertion, need for contin
ued use) associated with these devices.

Most studies evaluating the effectiveness of
devices for stress incontinence are small in
numbers and short in duration. In a prospective,
randomized laboratory-based study," 6 of 14
women were cured and 2 out of 14improved while
exercising wearing a super tampon in the vagina.
Nine of 12 women had resolution of stress incon
tinence while wearing a contraceptive diaphragm
during urodynamic testing" and 4 of 10 women
wearing a contraceptive diaphragm for 1 week
had improved continence."

Of 190 women presenting to a tertiary care
center with symptoms of stress or mixed UI who
were offered pessary management.P 63% chose to
undergo fitting and 89% achieved a successful fit
in the office. Of the 106 women who took a pessary
home, follow-up was available on 100. Fifty-five
women used the pessary for at least 6 months as
their primary method of managing urinary
incontinence (median duration 13 months). Of
the remaining 45 women who discontinued use
before 6 months, most did so by 1 month.

Studies of intraurethral inserts showed that
most women who use intraurethral devices are
dry or improved (66%-95%) when the device is
in place." :" Not surprisingly, urinary tract
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infections are a common adverse event; however,
the incidence of infections decreases after the
first several months of use. In our practices, few
women choose inserts as first line therapy, but
some are very satisfied with them as an option
when other therapies are unsuccessful.

Conclusion

Pessaries and other devices are an important part
of the treatment armamentarium for POP and
stress urinary incontinence. Further research is
needed to determine which women are most
likely to respond to devices. Long-term studies of
both effectiveness and adverse events associated
with various devices are essential to better under
stand the risk-benefit ratio.
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3.6
Alternative Methods to Pelvic Floor Muscle
Awareness and Training
Kaven Baessler and Barbara E. Bell

Key Messages

Pelvic floor muscles are increasingly incor
porated into Yoga and Pilates classes and for
lower back pain physiotherapy. Other techni
ques , including Feldenkrais physiotherapy, which
develops pelvic floor awareness through move
ment and functional integration, and Cantienica,
whereby a pelvic floor contraction is palpated
externally after movements between the ischial
tuberosities, greater trochanters, and the coccyx.
Whole-body vibrations through biomechanical
stimulation of the muscles increases metabolic
power, might target type II muscle fibers, and is
increasingly used in the training of athletes and
the management of women with osteoporosis.
Theoretically, this may lead to a more powerful
muscle contraction.

Introduction

This chapter will give an overview of different
approaches to pelvic floor awareness and train
ing that have not been mentioned before. Aware
ness and voluntary control of the pelvic floor are
the basis of any pelvic floor training. How a
woman accomplishes this awareness may be indi
vidually different and may require the utilization
of different techniques. Personal preferences on
the woman's and the therapist's side will be a
factor and will vary between therapists. The con
scious, positive integration of the pelvic floor in
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other treatment or training regimes has gained
popularity and recognition.

Pelvic Floor Incorporation in Yoga
and Pilates Classes and Lower Back
Pain Therapy

In some Yoga classes, the pelvic floor plays an
active role, and Pilates schools have adopted the
pelvic floor into their program, too. Programs
based on the Pilates concept have been very suc
cessful with dancers and athletes as they focus
on stability, balance, body alignment and aware
ness, and breathing and involve the deep abdom
inal muscles and the pelvic floor.':' Pilates
incorporates cognitive activation of the deep
abdominal muscles before the performance of a
task. As the transversus abdominis and the pelvic
floor muscles (PFM) are part of the local stability
system of the lumbopelvic region, certain move
ments and exercises will result in increased pelvic
floor activity. A study using electromyographic
(EMG) surface electrodes attached to the oblique
and rectus abdominis muscles, and an intravagi
nal EMG probe to record pelvic floor muscle
activity, demonstrated that, especially during the
Pilates "clam" exercise, the pelvic floor muscles
are activated (Fig. 3.6.1}.3 Pilates movements
incorporating eccentric activity of the abdominal
muscles generated greater PFM activity than con
centric abdominal activity,'
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FIGURE 3.6.1. Pilates "Clamexercise."The
pelvic floor isactivated concurrently.

The integration of the pelvic floor into Yoga
and Pilates may range from simple coactivation
to voluntary and active incorporation of the
pelvic floor. It is not necessarily pelvic floor train
ing, as it is likely to lack specificity and overload
(see Chapter 3.1). With the changing view on how
the pelvic floor and the abdominal and multifidi
muscles work synergist ically together, trunk sta
bilization exercise programs for lower back pain
or sacroiliac joint dysfunction now increasingly
include the pelvic floor muscles . There is also
evidence that mind-body therapies like relax
ation techniques, cognitive behavioral therapy,
and biofeedback can be used as effective adjuncts
to conventional medical treatment in the man
agement of chronic lower back pain and osteoar
thritis, for example."

The Feldenkrais Approach tothe
Pelvic Floor

"Awareness through movement" is the goal of the
so-called Feldenkrais method." Moshe Felden
krais (1904-1984) worked as a physicist and engi
neer. When he suffered from a knee-injury and
adequate rehabilitation was not available, he
developed a concept that enables a human being
not only to feel but also to analyze even complex
muscular-skeletal body movements, which
subsequently leads to an increase in awareness.
Based on th is awareness, the individual can select
the appropriate muscle action by optimizing the
coordination between nervous system , muscles,
and the skeleton. The Feldenkrais method is a
pedagogical concept with the intention to train

the brain to bring body movements into aware
ness." This is especially effective in muscle pain
and tension after prolonged misuse, e.g. as in
neck and shoulder tensions of surgeons or typists
and in pelvic floor re-education. The Feldenkrais
approach offers benefits not only with increased
pelvic floor awareness but also with the con
sciousness of how functional tasks such as weight
lifting or coughing can be modified in order to
minimize the unfavorable effects on the pelvic
floor. In contrast to conventional physiotherapy,
the Feldenkrais method does not directly
approach the tensed muscles, but offers aware 
ness of alternative body positions, which will be
able to replace former habits. Although compara
tive literature is scarce , the Feldenkrais method
was superior to conventional physiotherapy in
non -specific musculoskeletal disorders.' The
Feldenkrais method cannot replace conventional
physiotherapy in general, but can be applied suc
cessfully in some individuals and might supple
ment physiotherapy.

Judy Pippen and Barbara Bell are trained phys
iotherapists in the Feldenkrais method and intro
duced the usefulness of this framework with
pelvic floor education (www.pelvicpower.com).
Initially, during "differentiation," one learns to
sense the movement of the PFM more clearly.
Lessons are organized in a slow progressive way
so that attention is drawn to the ability to move
the pelvic floor in parts. The front section may be
differentiated from the back section, the right
part of the pelvic floor from the left. Attention is
also directed at sensing the difference between
the pelvic floor tightening and that of the sur
rounding muscles , and then encouraging the
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integration/synergism with them. "Integration"
is the second part of the Awareness Through
Movement classes. It involves combination of
movement of the wholebody in an integrated way
to support the functions of the pelvic floor.Moshe
Feldenkrais said, "Awareness fits action to inten
tion."" The pelvic floor is recruited in various
degrees when a movement is intended (e.g,
walking, breathing, singing, coughing) to keep
continence, to keep our organs supported, and to
be able to allow for relaxation and tightening
during sexual activities. The third step is to
include the pelvic floor in many activities
throughout the day when needed, consciously or
unconsciously, and to "empower" people to take
control of improving function.

Within the Feldenkrais method, there is a par
ticular focus on breathing. While trying to hold
on to urine rushing to a toilet many people
breathe in. The patient has to learn to breathe out
while holding on; this helps negate the panic
response ,which only makes urgency more urgent.
The forceful "out" breath (e.g, laughing, vomit
ing, coughing , or sneezing) is a challenging
movement, especially for stress incontinent
women. Using a functional approach, patients

K. Baessler and B.E. Bell

can learn in a graded way to breathe outwards
and to organize the recruitment of the pelvic
floor.

Breathing is also a focus because it can easily
be brought under voluntary control, but is usually
under involuntary control. Voluntary actions
can change the state of overall "tonus" or tension
and can change the subsequent rate, depth ,
and rhythm of the breath. In this meditative
state between voluntary and involuntary where
someone is very conscious and extremely focused,
it can be sensed that breathing can be performed
by the abdomen and the pelvic floor with
coordination.

"Cantienica"

Benita Cantieni in Switzerland developed the
concept of "sensual pelvic floor training" to exer
cise the "most important storey in the human
building." Many of her claims are questionable,
and the efficacy of the method has not formally
been researched, but the approach to achieve a
pelvic floor contraction and how to verify it is
resourceful and practical (Fig. 3.6.2). Women are

FIGURE 3.6.2. Three external ways to palpate activation ofthe
pelvic floor: medial shift oftheischialtuberosities, muscle action
over the major trochanters with slight external rotation and

muscle pull at theinferior edge ofthesymphysis and movement
ofthecoccyx.
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asked to bend forward, palpate their ischial tuber
osities and try and pull them together. A subtle
shift of the ischial tuberosities can be felt exter
nally, which probably is the action of the iliococ
cygeus and coccygeus muscles. A second method
is to feel the gentle movement of the greater tro
chanters with a pelvic floor contraction, a move
ment that is probably generated by the obturator
internus and piriformis muscles, which are inner
vated by the obturator nerve and pelvic branches
from 51-52, respectively. The third method to
confirm a pelvic floor contraction is the palpation
of a movement underneath the fingers on the
pubic bone and the coccyx. The integration of the
pelvic floor into daily life is encouraged and
taught with numerous exercises .

Biomechanical Stimulation

Biomechanical stimulation or whole-body vibra
tion therapy is a new neuromuscular training
method that increases metabolic power and
might specifically target type II muscle fibers. " It
is thought to elicit muscular activity via stretch
reflexes and allows the combination of voluntary
and involuntary muscle work." It has been used
in the training of athletes " and in the manage
ment of women with osteoporosis" and lower
back pain. " It has been shown to improve vertical
jumping," :" bone density," and leg extension
strength," and to increase testosterone and
growth hormone levels in men." Standing with
the knees slightly bent on a platform that vibrates
between 5 and 30 Hz at an amplitude of up to
13mm, all muscles that keep the body erect have
to work (Fig. 3.6.3). The typical frequency is 25
30 Hz, forcing the muscle to contract and relax
25-30 times per second. Changing the position
on the platform changes the focus of muscle
work. Lower frequencies are supposed to be ideal
for balance control, bone strengthening, and
weaker individuals, whereas higher frequencies
strengthen the muscles and are suitable for stron
ger individuals. Theoretically, this training can
also improve the tone and strength of the PFM.
Although this theory is currently being tested, no
studies have been published yet. Without parallel
pelvic floor education, it seems unlikely to prove
better than current pelvic floor regimes because

FIGURE 3.6.3. Whole-body vibration therapy:The patient stands
ona platform thattilts onacentral axis with different frequencies
and amplitudes.The musculature has to keep thebody initsposi
tion andis forced to react to theoscillatory movements.

it lacks specificity. Women will still have to learn
how to activate the PFM at the appropriate time,
but after whole-body vibration they might be able
to do so with a more powerful contraction.

Acknowledgment. The part on the Feldenkrais
method was finalized by the assistance of Mrs.
Erna Alig, Feldenkrais instructor, Switzerland.
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Assessment and Approaches



4.1
Behavioral Treatment
Kathryn 1. Burgio

Key Messages

• Behavioral treatments are usually comprised of
several components and tailored to the needs
of the individual woman.

• Active use of PFM is a key continence skill for
avoiding both stress and urge incontinence.

• Altering voiding habits, fluid intake, and other
aspects of life style promote improved conti
nence status.

• Using a bladder diary enhances women's aware
ness of their incontinence and guides behav
ioral intervention.

Introduction

Behavioral interventions are a group of treat
ments that improve incontinence by changing
women's habits or teaching them continence
skills. Behavioral interventions include self-mon
itoring with a bladder diary, PFM training and
exercise, active use of PFMs to prevent urine loss,
urge suppression strategies, urge avoidance,
scheduled voiding, delayed voiding, fluid man
agement, weight loss, and other lifestyle changes .
In general, these treatments are safe and without
the risks and side effects of some other therapies.
However, they require the active participation of
a motivated woman and usually take some time
and persistence to reach maximum benefit.
Behavioral treatments have been recognized for
their efficacy by the 1988 Consensus Conference
on Urinary Incontinence in Adults' and the
Guideline for Urinary Incontinence in Adults
developed by the Agency for Health Care Policy

and Research.' Although the majority of women
are not cured with this approach, most can achieve
significant improvement in continence status.

The Bladder Diary (See Chapter 2.6)

The bladder or voiding diary is a valuable clinical
tool, both for the clinician and the woman. In the
diagnostic phase , it provides information on the
type and severity of urine loss and helps to plan
appropriate components of behavioral interven
tion. During treatment, the diary can be moni
tored to determine the efficacy of various
treatment components and guide the interven
tion. In addition to the value for the clinician, the
self-monitoring effect of completing the diary
enhances the patient's awareness of voiding
habits and patterns of incontinence. It facilitates
a woman's recognition of how her incontinence is
related to her activities. In particular, clearly
understanding the precipitants of urine leakage
optimizes the woman's readiness to implement
the continence skills learned through behavioral
treatment.

Before initiating treatment, it is advisable to
have the woman complete a bladder diary for 5 to
7 days.' At a minimum, the woman should record
the time and volume of micturition, the time of
each incontinent episode, its size, and the circum
stances or reasons for the accident (Fig. 4.1.1).
Through the process of reviewing the bladder
diary, women can identify certain times when
they are more likely to have incontinence and the
activities that seem to trigger incontinence.
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Date:1-20-2006

TIME TIME OF TIME OF REASON FOR
URINATED SMALL LARGE LEAKAGE
IN TOILET LEAK LEAK

2:10am

4:30am

6:40am Coughed in bed

8:09am

8:45 am Urge - Taking a shower

10:10 am Urqe - Taking a walk

10:50 am

1:35 pm

3:32pm Sneezed 3 times

5:55pm

7:20pm Watching TV

9:25 pm

10:30 pm

TIME UP FOR THE DAY: 8:00am

# OF PADS USED TODAY:-A.,.

TIMETO BED FOR THE NIGHT: 10:00 pm

NUMBER OF LEAKAGES: ....5.....

FIGURE 4.1.1. Sample bladder diary.

PFM Training and Exercise

Pelvic floor muscle training and exercise are the
foundation of behavioral treatment for stress
urinary incontinence. This intervention has
evolved as both a behavioral and a physical
therapy, combining principles from both fields
into a widely accepted conservative treatment for
stress incontinence.

The goal of behavioral intervention for stress
incontinence is to teach the patient how to
improve urethral closure by voluntarily contract
ing her PFMsduring physical activities that cause
urine leakage, such as coughing, sneezing, or
lifting. The first step in training is to assist the
woman to identify her PFMs and to contract and
relax them selectively. It is essential to confirm
that patients have identified and isolated the
correct muscles. Failure to find the correct
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muscles is perhaps the most common reason for
failure of this treatment modality. Basics and
advice on this subject are presented in Chapters
3.1 and 3.2.

It is best to begin treatment by ensuring that
the woman understands which muscles to use.
This can be accomplished by palpating the pelvic
floor during pelvic examination and guiding her
with verbal feedback to find the proper muscles.
Pelvic floor muscle control can also be taught
using biofeedback or by applying electrical
stimulation.

Once the woman learns how to properly con
tract and relax the PFMs selectively, a program of
daily practice and exercise is prescribed. The
purpose of the daily regimen is not only to
increase muscle strength but also to enhance
motor skills through practice. The optimal exer
cise regimen has yet to be determined; however,
good results are generally achieved using 45 to 50
exercises per day, over 2 to 3 sessions per day. It
is important to encourage the woman to practice
in various positions, so that she becomes com
fortable using her muscles to avoid accidents in
any position. (See Chapter 4.2 for more detail on
PFM training.)

Using Muscles to Prevent Stress
Accidents: Stress Strategies

Although exercise alone can improve urethral
support and continence status, optimal results
depend on the woman learning to use her muscles
actively to prevent urine loss during situations of
physical exertion. With practice and encourage
ment, the woman can develop the habit of first
consciously and then automatically contracting
PFMs to occlude the urethra before and during
coughing, sneezing, or any other activities that
have caused urine loss. This skill has been referred
to varyingly as the stress strategy.t" counterbrac
ing, perineal blockage, precontraction and the
"Knack.,,6 Some women will benefit simply from
learning how to control their PFMs and to use
them to prevent accidents. Others will need a
more comprehensive program of PFM rehabilita
tion to increase strength, as well as skill.
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Using Muscles to Prevent Urge
Accidents: Urge Suppression
Strategies

In addition to its value in treating stress inconti
nence, this technique is now frequently used as a
component in the treatment of urge incontinence
as well. ' In addition to using the PFMs to occlude
the urethra, the woman learns to use PFM con
traction and other urge suppression strategies to
inhibit bladder contraction. Furthermore, the
woman is taught a new way to respond to the
sensation of urgency; instead of rushing to
the toilet, which increases intraabdominal pres
sure and exposes her to visual cues that can trigger
incontinence, she is encouraged to pause, sit down
if possible, relax the entire body, and contract the
PFMs repeatedly to diminish urgency, inhibit
detrusor contraction, and prevent urine 10ss.5

When urgency subsides, she can to proceed to the
toilet at a normal pace. Behavioral training for
urge incontinence has been tested in several clini
cal series utilizing prepost designs and in con
trolled trials using intention-to-treat models.
Mean reductions of incontinence range from 60%
to 80%.7-10 (See Chapter 4.6 for more detail on
urge suppression.)

Adherence and Maintenance

Exercising and using the PFMs requires the active
participation of a motivated woman. It is often
challenging to remember to use muscles strategi
cally in daily life, as well as to persist over time in
a regular exercise regimen to maintain strength
and skill. This reliance on a woman's behavior
change represents the major limitation of this
treatment approach. In addition, progress with
behavioral treatment is often gradual and pro
gressive, usually evident by the fourth week of
training and continuing for up to 6 months. Herein
lies the challenge for behavioral treatment 
to sustain the woman's motivation for a long
enough time that she will experience noticeable
change in her bladder control.

It is important in initiating behavioral treat
ment to make it clear to the woman that her
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improvement will be gradual and will depend on
consistent practice and use of her new skills.
Clinicians can provide support by scheduling
follow-up appointments to track and reinforce
her progress, make adjustments to the exercise
regimen, and encourage persistence.

Voiding Habits and Schedules

Increasing Voiding Frequency

Many women have been advised by health care
providers to increase frequency of urination as a
way to prevent urgency and incontinence by
avoiding a full bladder. Although immediate
benefit can be observed, the long-term result is
most likely counterproductive, because it removes
opportunities for the bladder to be full, and the
woman can lose the ability to accommodate
bladder fullness. In addition, it feeds the cycle of
urgency and frequency thought to perpetuate
overactive bladder and urge incontinence in the
long run.

Increasing the frequency of urination is gener
ally reserved for women who clearly void below
what is normal or in patients with dementia or
who are otherwise cognitively impaired and inca
pable of learning new skills for bladder control.
Women who have reduced bladder sensation may
also benefit.

Decreasing Voiding Frequency: Bladder
Training and Delayed Voiding

Bladder training is a behavioral intervention
originally developed for the treatment of urge
incontinence. The belief behind the bladder
training method is that habitual frequent urina
tion can reduce bladder capacity and lead to over
active bladder (OAB), which in turn causes urge
Incontinence." The goal of the training is to
break this cycle using consistent voiding sched
ules. The woman voids at predetermined inter
vals, and over time, the voiding interval is
gradually increased (see Chapter 4.6).

Clinical series studies have demonstrated cure
rates ranging from 44% to 90% using outpatient
bladder training or a mixture of inpatient and
outpatient intervention. The first randomized
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clinical trial of bladder training demonstrated an
average 57% reduction of incontinence in older
women."

Lifestyle Changes

Fluid Management

Many behavioral clinicians recommend altera
tions in the volume or type of fluids that a woman
consumes as a way to optimize her outcomes. It
is not only helpful for bladder control but also
good health advice to ensure that the woman is
consuming an adequate amount of fluid each day.
In an effort to cut down on urine loss, some
patients restrict their fluid intake in general, or
at particular times of day when they consider
themselves to be at risk of incontinence. In some
cases, this results in an inadequate intake of fluid
and places them at risk of dehydration.

Fluid restriction is often appropriate in women
who consume an abnormally high volume of fluid
(e.g. >2,100ml of output per 24 hours) . Some
people increase their fluid intake deliberately in
an effort to "flush" their kidneys, lose weight, or
avoid dehydration. In others it is simply a habit.
In these cases, reducing excess fluids can relieve
problems with sudden bladder fullness and
resulting urgency. Reducing or eliminating fluids
in the evening hours is often helpful for reducing
nocturia.

Caffeine, in addition to being a diuretic, has
also been shown to be a bladder irritant for many
people. It is very difficult for most coffee drinkers
to completely eliminate their morning coffee, but
many will be willing to reduce caffeine intake at
least partially. Though there is little data on the
role of sugar substitutes in incontinence, there
are clinical cases in which these substances
appear to be aggravating incontinence, and
reduction has provided clinical improvement.

Weight Loss

Obesity is a common health problem that has also
been established as a risk factor for urinary
incontinence. Women with high body mass index
are not only more likely to develop incontinence
but they also tend to have more severe inconti
nence than women with lower body mass index."
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A small amount of literature exists showing
significant improvement in continence status
accompanying weight loss of 45-50 kg after bar
iatric surgery" and of as little as 5%weight reduc
tion with conventional weight loss programs.IS

Because this is an achievable goal for many over
weight or obese women, it is reasonable to recom
mend weight loss as part of a comprehensive
program to treat incontinence in overweight
women.

Smoking

Smoking, adversely affects the continence mech
anism and aggravates stress urinary incontinence
by reducing lung function and vital capacity and
producing a chronic cough with a corresponding
rise in abdominal pressure. Therefore, it can be
helpful to interrupt this cycle by stopping smok
ing and directing treatment toward the chronic
cough.

Bowel Management

Constipation and fecal impaction have been sited
as contributory factors to urinary incontinence,
particularly in institutionalized populations. In
severe cases, fecal impaction can obstruct normal
voiding, precipitate overflow incontinence, or be
an irritating factor in OAB. Disimpaction can
resolve symptoms for some women, but it can
recur unless a bowel management program is
implemented. Bowelmanagement may consist of
instructions in normal fluid intake and dietary
fiber (or supplements) to maintain normal stool
consistency and regular bowel movements. When
these measures are not adequate, enemas can be
used to stimulate a regular daily bowel move
ment. Enemas should be timed after a regular
meal such as breakfast to capitalize on postpran
dial motility.

Nocturia

Urinary incontinence is often accompanied by
nocturia, which is waking up at night to void.
Although getting up once per night is widely
regarded as normal, getting up 2 or more times
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can be very bothersome when it results in sleep
disruption or daytime fatigue, or increases the
risk of falls. One practical approach to nocturia
is to restrict fluid for 3 to 4 hours before bedtime.
In patients who reta in fluid during the day and
have nocturia caused by fluid mobilization at
night, interventions focus on managing daytime
accumulation of fluid. This can be facilitated by
wearing support stockings, elevating the lower
extremities in the late afternoon, or using a
diuretic. For patients who are already taking a
diuretic, nocturia can often be improved by alter
ing the timing of the diuretic (so that most of the
effect has occurred before bedtime) or by using a
long-acting diuretic.

In addition to the medical management of noc
turia, behavioral training for urge incontinence
has also been shown to reduce nocturia." The
woman is instructed to use the urge suppression
strategy when she wakes up at night . If the urge
subsides, she is encouraged to go back to sleep. If
after a minute or two the urge to void has not
remitted, she should get up and void so as not to
interfere unnecessarily with her sleep.
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4.2
Stress Urinary Incontinence
Jo Laycock

Key Messages

• The knowledge of pelvic anatomy and physiol
ogy and causes of incontinence are necessary
to facilitate pelvic floor re-education.

• The assessment of pelvic floor muscles (PFMs)
includes their co-ordination, contraction,
timing, and function during coughing.

• If there is no voluntary contraction, then teach
ing must be directed toward increasing pelvic
floor awareness .

• If there is a weak pelvic floor contraction, then
a strengthening program is necessary, and if
PFMs are easily fatigued, then an endurance
program is needed .

• Progression in the pelvic floor reeducation
program involves teaching the active use of
PFM exercises and stress strategies, combined
- if necessary - with drug therapy such as
estrogen or duloxetine.

Introduction

Stress urinary incontinence (SUI) is the involun
tary loss of urine associated with an increase in
intraabdominal pressure, such as with coughing
or other physical activity (see Chapter 1.5). Con
tinence during raised intraabdominal pressure is
attributable to an integrated system of muscles,
fascia, ligaments, and neural control (see Chap
ters 1.1 and 1.2). The connection of the levator ani
to the arcus tendineus fascia pelvis permits active
contraction of the PFMs to elevate and support
the anterior vaginal wall.' In addition, continence
also requires a competent urethral sphincter
mechanism. Evidence suggests that a voluntary
PFM contraction is accompanied by synergistic
contraction of the urethral sphincter mecha
nism,' indicating that both components of the

continence mechanism should respond to muscle
training.

Assessment

Stress urinary incontinence has several causes
(see Chapters 1.3, lA, and 1.5). In many cases, it
does not occur in isolation, and women present
with coexisting urological symptoms, such as
urge incontinence, frequency, elevated postvoid
residual urine, or urinary tract infection. Conse
quently, a holistic assessment is needed to iden
tify and address all symptoms. In addition to the
standard history and physical examination (see
Chapter 2.1), the assessment should include a
pain assessment of the pelvis, lower back, and
pelvic floor, as pain in these regions may inhibit
PFM recruitment (see Chapter 3.1).

A woman with SUI may have a defect in the
fascial supportive tissues, but still have an intact
urethral sphincter and PFMs, or, conversely, she
may have weak muscles with intact fascial sup
ports, or a combination of these deficits. Further
more, inadequate muscular activity and weakness
may be caused by disuse, which can be addressed
by PFM exercises. However, weakness caused by
partial denervation or muscles torn from their
attachment is less likely to respond to muscle
training (Fig. 4.2.1).

Pelvic Floor Muscle Re-education

Pelvic floor muscle re-education is an effective,
low-risk intervention that can reduce inconti
nence significantly in varied populations, and
should be considered as a first approach. The
principles underlying this therapy are discussed
in Chapter 3.1, and the effectiveness of treatment
is described in Chapter 4.3. The following
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be facilitated by the use of anatomical models
and pictures. Realistic goal setting (depending on
severity), and the need for the woman to partici
pate actively in her treatment, is discussed. In
this context, motivation and adherence to an
exercise program lasting several months should
be emphasized, and the consequences of non
compliance clearly stated . The importance of
good posture and the avoidance of heavy lifting
and activities that produce a great increase in
intraabdominal pressure should be explained.

Many women find it difficult to exercise in
general, and need to be convinced and motivated
to adhere to their exercise regimen. Other women
become excessive in their efforts and overexer
cise in the early days. Therefore, all women
should be informed of the possibility of muscle
soreness, which usually occurs the day after they
begin . This soreness applies to both the PFMs
and the lower abdominal muscles.

Many women will be wearing incontinence
pads to avoid embarrassment and allow freedom
of activities . Although necessary initially, the
size and number of pads used should be moni
tored, and women should be encouraged to reduce
pad use as symptoms improve.

All the above information can be provided in
a group setting." which can be both enjoyable
and cost-effective, as well as enable women to
realize that they are not alone with their problem.
Finally, a simple handout explaining basic infor
mation should also be available to women.

FIGURE 4.2.1. (A) With a sufficient pelvic floor contraction
(orange arrows). theattached endopelvic fascia (via arcus tendi
neous fasciae pelvis; green) iselevated resulting in an elevation
ofthebladder neck (red arrow). (8)Detachment oftheendopelvic
fascia from the levator ani muscle precludes transmission of a
pelvic floorcontraction (orange arrows) onto the bladder neck
(small red arrow).

step-by-step guide is recommended for the treat
ment of SUI.

Education

To optimize the usefulness of PFM training, the
woman should understand the anatomy and
physiology of the lower urinary tract. ' This can

PFM Assessment

Initially, the woman is told why the examination
is to be carried out (to check whether she can
contract the PFMs and how they perform), how
the examination will be done (vaginal palpation),
and alternative procedures if this is not accept
able (i.e. assessing the muscles by observation
only or with a perineometer).

The periurethral muscles are palpated by
placing the distal pad of the gloved, lubricated
index finger on the anterior vaginal wall just
inside the introitus and asking the woman to con
tract her muscles as if stopping urination, and
then to relax the pelvic floor. The activity of the
external urethral sphincter can thus be detected.
The finger is moved to the right of the urethra
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and then to the left, and further contraction and
relaxation requested. This should detect the con
tractility of the muscles lateral to the urethra (see
Chapter 1.1). The resting tone of the muscles
should also be noted because some women present
with hypertonic PFMscaused by embarrassment,
anxiety, or other factors (see Chapter 1.8).In this
situation, a further contraction might not be
possible or detectable, and an inexperienced cli
nician might misinterpret this as a weak or no
contraction.

The index finger is then flexedand placed in the
8 o'clock and then the 4o'clock positions, to enable
palpation of the levator ani at rest and during a
voluntary contraction. Once voluntary contrac
tions have been established, a simple patient-spe
cificexercise program is developed, depending on
muscle strength and endurance." (SeeChapter 3.1
on Concepts of Neuromuscular Rehabilitation
and Pelvic Floor Muscle Training).

While palpating the levator ani , the woman is
also asked to cough, and the examiner monitors
for the presence of cocontraction of the PFMs.
The woman should then be instructed to tighten
the PFMbefore and during a cough. Whether the
woman is able to contract her muscles before
the cough and hold this contraction should be
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assessed . Because many women have never used
the PFMsduring stress situations, this gives them
immediate feedback, especially if urine leakage
was avoided. For the therapist, the response can
be utilized to guide the training program. In
addition, this information will reveal those
women who have a good PFM contraction with
an initial elevation of the bladder neck, but
descent of the urethra during coughing, while the
levator ani is still contracted. This may be caused
by fascial detachment, in which case the chance
of success seems low, although there are no
studies to corroborate this.

Initial Exercise Program

If the woman cannot produce a voluntary con
traction or produces simply a flicker (grade 1
contraction), the techniques in Table 4.2.1 may be
helpful. Women who can perform a voluntary
PFMcontraction of grade 2 or higher on the mod
ified Oxford Scale are ready to embark on a
muscle strength training program. If the maxi
mum voluntary contraction is weak, then the
woman is initially encouraged to squeeze harder
and harder over the following weeks, to increase
muscle awareness and improve contraction

TABLE 4.2.1. Techniques toassist voluntary contraction ofthepelvic floor muscles

1. Apply firm pressureonthemuscles (through thevaginal wall) tostretch themuscles and increase awareness. Many women arenot aware of
theirPFMs and cannot locate them. Muscles often work better ifstretched.

2. Use biofeedback via surface electromyography with a vaginal electrode (e.g. Perlform": Fig.4.2.2) orvaginal oranal manometry toshow the
muscles working, however small theresponse. Thishelps thewoman become aware of, andconcentrate on, theappropriate muscles. Itprovides
thefeedback needed for operant conditioning (trial and error learning) and caninspire thewoman togreater effort.

3. Teach contraction oftransversus abdominis(TrA) (see Chapter 3.1).Thismay help to recruit thePFMs. The woman then tries to"join in" with her
PFMs. Again, biofeedback ishelpful.Ifbiofeedback isnotavailable, verbal feedback based ondigital palpation is used to re-enforce thecorrect
response. At this stage, thewoman isrequested to perform only short, gentle contractions. All toooften, a woman will trytoohard anduse
muscles notconnected withthepelvic floor (e.g. tightening theshoulders orholding theirbreath). Exercising onanexercise ball orinflated
cushion will introduce theimportance ofintegrated muscle work for stability. Again, biofeedback canbeused concurrently todemonstrate the
effect onthe PFMs.

4. If there isstill noresponse, electrical stimulation can beused, providinq there arenocontraindications.This can bedone withthePeriform
electrode (Fig. 4.2.2), asthemovement oftheindicator will help thewoman tounderstand theaction ofa PFM contraction.The current is
gradually increased until theindicator moves downwards (posteriorly).Withsubsequent electrically elicited contractions, thewoman is
instructed to"join in"and seetheindicator move down further.The author uses thefollowing electrical parameters:
a. Frequency:35 Hz
b. Pulse-width (phase duration):250/.ls
c. Duty cycle: 5son/10 soff
d. Current intensity:Sufficient to produce maximum posterior movement oftheindicator. The woman isencouraged totake themaximum

current intensitythatshecan tolerate.
Alternate electrical stimulation andbiofeedback isuseful to re-enforce thecorrect action.The useofa home muscle stimulator, with thewoman
"joining in" with each contraction, may help toactivate themuscles. Once thewoman has located her PFMs, sheshould perform several voluntary
contractions (l.e.without thestimulator) every hour, untilshe isready for anexercise program.



224

FIGURE4.2.2. Periform vaginal electrode with indicator.Acorrect
voluntary contraction of the PFMs produces downward (poste
rior) movement of the indicator; an incorrect voluntary muscle
contraction or cough produces upward (anterior) movement of
the indicator.

strength. If the woman demonstrates fatigue
(short hold time and few repetitions), then the
number of repetitions is increased and longer
submaximal contractions are prescribed. The
goal is to eventually hold a maximum voluntary
contraction (MVC) for 10s and repeat 10 times,
while breathing normally. All exercises should be
done sitting and standing, or lying if the muscles
are very weak .

Published trials have shown successful treat
ment of SUI by PFM exercise using a variety of
exercise regimens. Therefore, it is advantageous
to negotiate an individual regimen tailored to the
circumstances and needs of each woman. For
example, a woman in full-time employment may
be limited to doing her exercises before and after
work. It is best to be realistic in planning the
exercise program, as too difficult a schedule may
result in noncompliance.

To satisfy overload, it is necessary to evaluate
the strength of a MVe, the endurance (hold time) ,
and the number of repetitions the woman is
capable of performing before the muscle output
drops to below 50% of the MVC. This can be done
via the aforementioned digital palpation using
the P.E.R.F.E.e.T. scheme" or a perineometer
(manometric or electromyographic). To keep the
home exercise program simple, one should con
centrate initially on either strength or endurance,
whichever is theweakest component. For example,
a woman with a weak PFM contraction, which she
can hold for 5s and repeat 6 times, would initially
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concentrate on increasing strength by perform
ing maximum short, 3s contractions. However, a
woman with a strong Mve and poor endurance,
e.g. 2-s hold and repeated 3 times, should concen
trate initially on increasing endurance (hold
time) and then the number of repetitions. This is
best done by encouraging submaximal contrac
tions and gradually increasing the hold time to
10s. On subsequent visits to the clinician, the
muscle contractility is assessed and the exercise
program advanced to satisfy overload.

Many women have difficulty in maintaining a
normal breathing pattern during voluntary PFM
exercises. When this occurs, biofeedback is a
useful tool to help both the woman and the clini
cian to understand how the PFMs are behaving.
First the woman is asked to breathe in; then, as
she breathes out, she is instructed to gently
tighten the PFMs (and transversus abdominis).
This contraction is held while continuing to
breathe in and out. As the technique is learned,
which may take several days or weeks, the woman
is encouraged to perform a stronger PFM con
traction while maintaining normal breathing.

Exercise Progression and Active Use
ofMuscles

As PFM control improves, contractions generally
become stronger and longer. Once a woman can
sustain a PFM contraction for 5s, fast, I-s Mves
may be added to the exercise program. In addi
tion, when breathing control has been estab
lished, the woman can progress to holding a PFM
contraction while balancing on an exercise ball
and/or walking. Finally, the woman is taught how
to prevent urine loss using a voluntary contrac
tion of the PFMs before and during a cough or
any increase in intraabdominal pressure that has
precipitated an incontinent episode. This tech
nique has been called counter-bracing, "The
Knack,'" and the "stress strategy."

Review and Follow-Up

Although the woman follows a home practice
regimen, it is best to have regular follow-up visits
to ensure that she is progressing, and to encour
age her to adhere to her program. The number of
treatment sessions depends on resources and the
woman's progress. Published trials have used
various protocols, and there is no agreement
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amongst clinicians regarding the minimum or
optimum number of treatment sessions required.
One approach is to see the woman once per week
for 4 weeks and once per month for the next 3
months, with a final review visit after another 2
months. This entails a total of 8 treatment ses
sions over a period of 6 months.

A less expensive method is to see the patient in
a group of women with similar problems. In the
group model, the initial session includes educa
tion (see Education), followed by an individual
session for PFM assessment. After this, if the
woman has a voluntary PFM contraction, she
attends a series of group sessions to strengthen
the PFMs over a 4-month period. This is followed
by an individual review 2 months later to assess
both symptoms and muscle strength.

If there is no response after 6 months of treat
ment, despite convincing compliance, then a dif
ferent approach may be needed. Perhaps the
addition of biofeedback or electrical stimulation
(if not given previously) may be warranted. If the
woman admits to not doing sufficient exercises,
alternative treatment or management should be
sought.

One such technique is the use of an intravagi
nal tampon-like device, or a urethral insert. The
vaginal devices are generally easier to use; they
have been developed to produce upward pressure
around the bladder neck, reducing mobility.
Several urethral inserts have been tested/but dis 
comfort, hematuria, and urinary tract infections
have questioned the long-term safety of these
devices. An example of a vaginal device - the
Conveen Continence Guard - is a shaped foam
tampon with a plastic applicator. The tampons
are available in three sizes, and before use they
are soaked in water, which doubles their size.
Twenty-six women tested the Continence Guard,"
with 41% reporting continence with the device
in situ, and a further 45% reported significant
improvement. After a further 12 months use by
19 women, 68% were subjectively dry and 26%
were improved; furthermore, 86% were objec
tively improved on repeat pad testing and there
were no serious complications reported." These
data have been confirmed in a larger study (n =
126) which demonstrated that 75% were conti
nent or improved." In addition to reducing/elim
inating daily urine loss in women with moderate
to severe SUI, these tampons are useful for women
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who only leak urine during occasional physical
activities, such as tennis, and many report that
they prefer to use a special continence tampon
than to wear an incontinence pad. The studies
quoted suffer from several problems, including
the lack of blinding, lack of randomized design,
and use of patients as their own controls; thus,
further research is needed to ensure the safety
and efficacy of these devices.

Pharmacological Therapy

Stress urinary incontinence is not a dichotomous
condition; that is to say, a woman does not wake
up one morning to find that she is suddenly
leaking with every movement and every cough.
In most cases, the incontinence begins with
minor occasional loss of urine and increases in
frequency and volume until it becomes a problem
and she wishes treatment. Thus, there is a ratio
nale for step -wise treatment of stress inconti
nence with medication and pelvic floor education,
increasing to higher-risk treatments, such as
surgery, only for those whose incontinence pro
gresses in severity despite other treatments.

Alpha-Agonists

The rationale for the pharmacological treatment
of stress urinary incontinence has focused on
increasing the smooth muscle and striated
sphincter muscle of the urethral closure mecha
nism. Alpha-agonists are a class of drugs that
stimulate and increase the smooth muscle tone in
all parts of the body. Phenylpropanolamine has
the best data, and was found to cure SUI in 0-14%
and reduce SUI in a further 19-60% of subjects
(summary data from eight randomized con
trolled trials [RCTs], AHCPR 1005).13

The Cochrane Collaboration recently reviewed
15randomized trials of alpha-agonists, including
phenylpropanolamine (11 trials), midodrine (2
trials), and clenbuterol (2 trials), and found only
weak evidence to suggest that adrenergic ago
nists were better than placebo. However, phenyl
propanolamine was removed from the market in
2000 after it was recognized that there was an
increased risk for hemorrhagic stroke." Although
the use of alpha-agonists for SUI is theoretically
attractive, we await the development of more
"uroselective" drugs.
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Hormone Therapy

Estrogen therapy has been suggested for SUI
because estrogen receptors do exist in the urethra.
Thus, the hormone should improve mucosal
coaptation, increase vascular tone, and maintain
collagen content of the urethra. The Cochrane
Collaboration recently reviewed estrogen therapy
for incontinence. The analysis is made difficult
by the small number of women included in trials
specifically designed to look at incontinence, and
the small number of RCTs with placebo. They
concluded that estrogen had a positive effect on
UI overall, with 50% cure or improvement seen
in the 28 clinical trials compared to 25% seen
with placebo, but that the effect was greater for
urge than for stress incontinence. However, these
conclusions are based on 374 women on estrogen
versus 344 on placebo, including some studies
with as few as 16subjects in each arm. Two large
American studies found that hormone replace
ment (HR) increased the risk of stress inconti
nence, but both were designed to study HR in
relation to heart disease. Jackson and colleagues
analyzed data from a large cohort of 1,584 white
and black women, aged 70-79 years, and found a
two-fold increased risk of stress incontinence in
estrogen users (odds ratio (OR) 2.0, 95% confi
dence interval (CI) 1.3_3.1).15 In a large RCT of
combined estrogen/progesterone HR in over
2,700 women less than 80 years of age, inconti
nence improved in 26% of the women assigned to
placebo compared with 21% of those on HR.
Incontinence worsened in 27% of the placebo
group versus 39% of the HR group. "

A major difficulty with the Cochrane analysis
is that so few studies of topical estrogen therapy
versus placebo were available . Now that it would
appear that systemic HR is not useful to treat
incontinence, more data are needed about the
efficacy of vaginal estrogens. Most continence
clinicians use local estrogens to improve atrophic
symptoms, so that evidence is urgently needed
regarding the effect of this therapy upon stress
incontinence. The Cochrane report does not
provide this subset analysis.

Tricyclic Antidepressants

Imipramine is a tricyclic antidepressant that has
been used for many years in the treatment of
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stress and mixed incontinence. It has systemic
anticholinergic side effects, which are not bladder
specific, and also seems to inhibit the reuptake
of norepinephrine and serotonin. There are no
RCTs, and two open studies have demonstrated
mild positive effects.V" Imipramine should be
used with caution in the elderly because of its
well-known potential for arrhythmias."

Selective Serotonin-Norepinephrine
Reuptake Inhibitors

Duloxetine is a potent inhibitor of norepineph
rine and serotonin reuptake that has been inves
tigated for the treatment of stress incontinence."
In theory, both duloxetine and imipramine
increase the activity of the urethral rhabdo
sphincter at the spinal cord level (Onuf's nucleus),
thus, augmenting storage properties of the
urethra without compromising emptying prop
erties. The drug has been shown to have a moder
ate effect on improving stress incontinence when
compared to placebo, regardless of the severity of
the incontinence." :" Duloxetine is the only drug
approved for use in stress incontinence in Europe,
but is not approved in the U.S.

Summary

There is a need for pharmacological treatment of
stress urinary incontinence, as it offers an alter
native to other conservative treatments that may
be more acceptable in some individuals. However,
only duloxetine has been shown to be effective in
randomized trials, and is the only medication
approved for use in stress incontinence.
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4.3
Evidence for the Effectiveness of Pelvic
Floor Muscle Training in the Treatment
and Antenatal Prevention of Female
Urinary Incontinence
E. Jean C. Hay-Smith and Kate H. Moore

Key Messages

• Pelvic floor muscle training (PFMT) can cure
or improve incontinence symptoms and reduce
voiding frequency, leakage frequency, and
amount of leakage.

• Women of all ages with stress, urge, or mixed
incontinence can all benefit from PFMT.

• Clinicians should provide the most intensive
PFMT supervision available.

• Supervision can be provided in individual or
group settings.

• There is no additional benefit of adding bio
feedback (BF) in the initial PFMT program.

• Antepartum PFMT can prevent postpartum
incontinence, especially in women with in
creased bladder neck mobility.

Introduction

The purpose of the first part of this chapter is to
review the evidence for the effectiveness ofPFMT
as a treatment for urinary incontinence in women,
and discuss the implications for clinical practice.
It is questioned whether PFMT is better than
no treatment or control treatment, whether one
approach to PFMT is better than another, and
what the factors are that might affect treatment
outcome. The second part of this chapter reviews
the evidence for the effectiveness of antepartum
PFMT for the prevention and treatment of urinary
incontinence. It is considered whether PFMT
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during pregnancy can prevent antepartum or
postpartum urinary incontinence in women
without prior symptoms, and whether PFMT
during pregnancy is an effective treatment for
existing urinary incontinence. Because questions
about the effectiveness of an intervention are best
addressed in randomized controlled trials (RCTs),
the chapter summarizes the evidence from exist
ing systematic reviews of RCTs of PFMT.

Treatment ofUrinary Incontinence

This section summarizes evidence from existing
systematic reviews' r' that recruited women with
existing stress, urge, or mixed urinary inconti
nence and used a PFMT program (but not PFMT
in conjunction with a scheduled voiding regimen)
in one or more branches of the study.

Is PFMT Better than No Treatment or
Control Treatments?

PFMT has been compared to no treatment in 5
published, peer-reviewed trials."? Single trials
found that women who received PFMT had sig
nificantly fewer leakage episodes and voids in 24
hours.Y Data from a variety of pad tests suggest
that the proportion of women who were cured or
improved was greater, or the mean amount of
leakage was less, in the PFMT group.3-5.7 Most of
the training parameters suggest that the PFMT



4.3. Evidence for theEffectiveness of Pelvic Floor Muscle Training 229

programs were intended to increase muscle
strength or endurance, although in one trial the
aim was to improve the timing of a contraction
in response to a rise in intraabdominal pressure
(Table 4.3.1).

Six trials compared PFMT with control treat
ments, including placebo drug," sham electrical
stimulation," offer of an anti-incontinence
device," advice on use of incontinence pads,"
and written information about bladder function
and PFMT.12

•
13 Pooled data suggested that patients

who received PFMT were about one and a half
times more likely to report that they were cured
or improved with treatment and had significantly
fewer leakage episodes in 24 hours (approxi
mately 2 less every 3 days). The studies recruited
younger women with urodynamic stress inconti
nence (mean ages between 40 and 50 years) and
older women with detrusor overactivity or mixed
urinary incontinence (average age 50 to 70years).
All of the PFMT programs had characteristics of
strength and/or endurance training, and two
included the advice to contract the pelvic floor
muscles to prevent leakage with raised intraab
dominal pressure or with urgency (Table 4.3.1).

In summary, the data favored PFMT and sug
gested that women who received PFMTwere more
likely to report that their symptoms were cured

TABLE 4.3.1. Description ofPFMT programs

or improved, and that voiding frequency, leakage
frequency, and amount of leakage were signifi
cantly reduced. Women of all ages with stress ,
urge, or mixed incontinence showed benefit.
Effect size was greater in some trials than others,
but with so little data, it was not clear if the
differences reflected methodological rigor, the
sample characteristics (e.g, diagnosis and age),
the training program, or other factors.

Is One Approach to PMFT Better
than Another?

Trials have investigated the differences in exer
cise parameters, the amount of contact with
health care professionals, the type of supervision,
and the addition ofBF, intravaginal resistance, or
a cue to exercise.

The two studies that addressed differences
in exercise parameters compared strength
with endurance training," and motor learning/
strength training with motor learning alone, IS in
women with stress urinary incontinence. Neither
found significant differences between the groups
for leakage episodes; nor were there differences
in self-reported cure or improvement in the latter
study. These studies challenge the idea that the
primary purpose ofPFMT should be to strengthen

Trial Diagnosis

Aksac etal.2003 USI

Bo etal.1999 USI

Burgio etal.1998 DO±USI
and 2002

Burns etal. 1993 USI±DO

Goode etal.2003 USI ± DO

Henalla etal.1989 USI
Lagro-Janssen etal.1991 SUI
Miller etal.1998 SUI
Yoon etal.2003 UI

PFMT program

10 VPFMC (S second hold, 10second rest), 3times aday, daily for8weeks. Progressed to
10second hold and 20second rest.

8to 12 high intensity VPFMC (6to8 second hold, 6second rest), 3 times aday, daily at
home, and aweekly PFMT exercise class for6months.

15 VPFMC (10 second hold), 3 times aday, daily for8weeks. VPFMC withactivities
likely to cause leakage (e.g. urgency).

20VPFMC (10 fast with3second hold, 10sustained with 10 second hold), 4times aday,
daily for8weeks. Progressed by10 VPFMC perset, toamaximum of 200 contractions
per day.

15 VPFMC (2to4second hold, equal period ofrest) , 3times aday for8weeks
Progressed to 10second hold and 10 second rest. VPFMC withactivities likely to cause

leakage (e.g. cough).
5VPFMC (5second hold), 5times an hour, daily for 12 weeks.
10VPFMC (6second hold), 5to 10times aday for 12 weeks.
VPFMC before cough and held until abdominal wallrelaxed, forone week.
30 VPFMC (strength and endurance) daily for8weeks.

DO, detrusor overactivity; PFMT, pelvic floormuscle training; SUI, stress urinary incontinence; UI, urinary incontinence; USI, urodynamic stress inconti
nence; VPFMC, voluntary pelvic floormuscle contraction.
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the muscles, but the width of the confidence
intervals in these trials did not rule out poten
tially important differences.

In two small trials, women with stress urinary
incontinence received PFMT, but women in one
study arm had much more contact with the
supervising physiotherapist.I':" Pooled data
found that women in the intensive supervision
group were 4 times more likely to report improve
ment. Two further studies compared 3 to 4 ses
sions of individual PFMT instruction with
standard care (e.g, information on PFMT during
postnatal class) in postnatal women with urinary
incontinence symptoms 3 months after deliv
ery.18.19 Pooled data showed women receiving
individual instruction were about a third more
likely to report continence at 12 months postpar
tum than women receiving standard care. One
large trial compared group versus individual
supervision of PFMT in women with symptoms
of urinary incontinence." There were no signifi
cant differences in the number of women report
ing cure or the number of leakage episodes in 24
hours at neither 12 weeks nor 9 months later. In
summary, it is possible that more supervisory
contact with a health care professional is better
than less, but it might not matter whether this
contact is given individually or in a group
setting.

Four trials investigated the addition of home
based" or home- and clinic-based biofeed
back7,22.23 to a PFMT program for women with
stress urinary incontinence. Pooled data found
no significant difference between the BFand non
BF groups for self-reported cure or improve
merit.":" Five trials compared PFMT and clinic
BFwith PFMTalone in women with stress urinary
incontinence' P':" or urge urinary incontinence.27
There was no significant difference between the
BF and non-BF groups for self-reported cure in
pooled data (from 2 trials) or leakage episodes in
24 hours (from 3 trials) . From these data, it
appeared that PFMT with adjunctive home or
clinic-based BFwas no more effective than PFMT
alone in the short term.

Finally, there were too few data from the 2
small trials investigating the effect of intravagi
nal resistance" or electronic cue to exercise" to
draw any conclusions about the effects of either
approach.
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Summary

There is evidence that PFMT is an effective treat
ment for female urinary incontinence. Women
with stress, urge, or mixed incontinence seem to
benefit. Because follow up data (not presented
here) are sparse and difficult to interpret, the
longer-term benefits are less clear.

The limited evidence defining the best PFMT
program suggests that: (a) clinicians should
provide the most intensive PFMT supervision
possible within service constraints, (b) supervi
sion can be provided in individual or group set
tings, (c) there is no additional benefit of adding
BF in the initial PFMT program. Although Table
4.3.1 describes a range of programs that have
demonstrated effect, much more research is
required to determine which type of exercise
program or parameters are most beneficial, and
for which groups of women. This review is
restricted to RCTs, which provide the best evi
dence of effectiveness. In addition, there is also a
large literature, which does not meet the strict
criteria for this review, but which also helps
establish the effectiveness ofPFMT. Clearly, there
is a growing body of evidence supporting PFMT
and enough evidence to justify the recommenda
tion that supervised PFMT is included in the
treatment choices offered to women with urinary
incontinence.

Antepartum Pelvic Floor Muscle
Training to Prevent Postpartum
Urinary Incontinence

This section summarizes the evidence from
existing systematic reviews of RCTs of PFMT in
pregnant women.v" :" Studies that were included
in these systematic reviews recruited pregnant
women, with or without existing urinary incon
tinence, and used a PFMT program in one or
more arms of the study.

There are three grades of prevention: primary
(to remove the cause of a disease), secondary (to
detect asymptomatic dysfunction and intervene
to stop progression), and tertiary (treatment of
existing symptoms to stop progression)." In this
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chapter, any study that recruited only pregnant
women without existing urinary incontinence
symptoms was considered to be a primary or sec
ondary prevention study; these studies addressed
the question of whether PFMT during pregnancy
can prevent antepartum or postpartum inconti
nence. However, most studies to date have
recruited pregnant women (some with and some
without existing urinary incontinence), so they
cannot answer questions about prevention.
Although such studies have mixed prevention
and treatment effects, they can address the ques
tion of whether PFMT during pregnancy reduces
the prevalence of antepartum or postpartum
urinary incontinence.

Can PFMT During Pregnancy Prevent
Antepartum and/or Postpartum
Urinary Incontinence in Women
Without Prior Symptoms?

Three published, peer-reviewed trials compared
supervised PFMTwith standard antenatal care.":"
Although Merkved and colleagues" and Samp
selle and coworkers" included women with prior
incontinence symptoms, data were also available
for the subgroup of women without existing
symptoms.

Reilly and colleagues" recruited primigravid
women without a prepregnancy or current history
of urinary incontinence, but with bladder neck
hypermobility (more than 5mm linear move
ment on perineal ultrasound) at 18to 20 weeks of
gestation. Merkved et al. 33 and Sampselle et al. 35

also recruited primigravidae at 18 and 20 weeks

TABLE 4.3.2. Description ofantepartum PFMT programs*

Trial Sample

gestation, respectively. The training parameters
suggest that the purpose of the PFMT programs
was to increase muscle strength, rather than
endurance or the timing of a contraction (Table
4.3.2). In all three trials, the controls received
usual antepartum care, which may have included
advice on PFMT.

With regard to the effect of antepartum PFMT
on preventing antepartum incontinence, one
trial" found that women in the PFMTgroup were
about half as likely to be incontinent at 36 weeks
gestation. In contrast, another trial" found that
urinary incontinence severity was not signifi
cantly different between the groups at 35 weeks.

Similarly, there was a mixed picture for the
preventive effect of antepartum PFMT on post
partum incontinence. One study" found that
women receiving PFMT were about half as likely
to report urinary incontinence at 3 months post
partum, whereas another" did not find any sig
nificant difference. The third" found significantly
less incontinence severity in the PFMT group at
6 weeks postpartum.

Medium- to long-term effects also varied.
Sampselle et al. did not find any significant dif
ference in incontinence severity between the
groups at 6or 12months (the primary endpoint).35

At four years, Reilly and colleagues" found that
women from the training group were still less
likely to report urinary incontinence, although
only 100 of the original sample of 268 women
responded."

In summary, 3 trials of moderate to good
quality, have addressed the effect ofPFMT during
pregnancy for prevention of antepartum and
postpartum urinary incontinence. The findings
suggest that women who are potentially at greater

PFMT program

Morkved etal.2003

Reilly etal. 2002

Sampselle etal.1998

Primigravid women at 18 weeks gestation

Primigravid women, withbladder neck
hypermobility, at18to 20 weeks gestation

Primigravid women at20 weeks gestation

8 to 12 near maximal VPFMC (6to8seconds hold with3to4fast
contractions attheend ofeach contraction, followed by6
seconds rest), twice aday, and weekly exercise class (including
PFMT) from weeks 20 to36.

8 to 12 VPFMC (6second hold, 2second rest), twice aday.

Up to 30near maximal VPFMC perday.

PFMT, pelvic floormuscle training; VPFMC, voluntary pelvic floormuscle contraction.
* Hughes etaldoes notappear here as theirPFMT program was notdescribed intheabstract.



232

risk of developing urinary incontinence (i.e.
those with bladder neck hypermobility at 18
weeks of gestation) benefit from antepartum
PFMTwith half the risk of urinary incontinence
at 3 months postpartum. This effect might last as
long as 4 years. The findings from the other two
trials are conflicting; it is not clear if antepartum
PFMT reduces prevalence of urinary inconti
nence or incontinence severity (antepartum or
postpartum) in pregnant women without incon
tinence symptoms at the onset of PFMT.

Can PFMT in Pregnant Women
(Regardless ofContinence Status)
Reduce the Prevalence of
Antepartum and/or Postpartum
Urinary Incontinence?

Two published trials (see previous sectionl.P:"
and one that, so far, has only appeared as a pub
lished abstract of the International Continence
Society,37 were included. The trial by Hughes and
co-workers recruited nulliparous women at 20
weeks gestation and randomized them to super
vised antepartum PFMT (individual appoint
ment with physiotherapist followed by one group
session) or the usual community antenatal care."
There was no description of the PFMT program
in the abstract.

Regarding the effect of PFMT during preg
nancy on the prevalence of antepartum urinary
incontinence, one trial" found that the PFMT
group was approximately 30% less likely to expe
rience urinary incontinence at 36 weeks gesta
tion. Another" reported no statisticallysignificant
difference in the odds of stress, urge, or "sponta
neous" incontinence (not associated with exer
tion or urgency) between the groups. The third "
did not find any significant difference in inconti
nence severity at 35 weeks.

The effect on prevalence of postpartum incon
tinence also varied. One trial" reported that
women in the PFMT group were approximately
40% less likely to be incontinent at 3 months
postpartum, whereas another" did not find any
difference in the odds of stress, urge, or unex
plained urinary incontinence at 6 months post
partum. Analysis of unpublished data from the
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third sudy" found no significant differences in
incontinence severity between the groups at 6
weeks, 6 months, or 12 months postpartum.

Of these three trials in samples of pregnant
women (with and without incontinence symp
toms when PFMT began), only one" found the
prevalence of antenatal and postnatal inconti
nence to be significantly reduced in the women
who received PFMT; the 95% confidence intervals
suggested reduction in prevalence of 10-50% for
antepartum incontinence and 10-60% for post
partum incontinence. Based on the description of
PFMT, women in this positive trial had more
regular contact with a health care professional
while training because they attended a weekly
exercise class in addition to PFMT at home. It
might be that to reduce the prevalence of urinary
incontinence in antepartum and postpartum
women, intensively supervised programs and/or
regular exercise classes, in addition to home
training, are necessary.

Conclusion

Based on the limited evidence to date, it seems
that antepartum PFMT can prevent postpartum
urinary incontinence (at 3 months) in primipa
rous women with increased bladder neck mobil
ity but no incontinence symptoms. This effect
might last as long as 4 years. Furthermore, an
antepartum PFMTprogram comprising a weekly
exercise class, in addition to home training,
might reduce the prevalence of antepartum (at 36
weeks) and postpartum urinary incontinence (at
3 months) .

Thus, clinicians who are caring for childbear
ing women should consider first whether their
current approach is targeting women who might
benefit most (i.e. women with bladder neck
hypermobility at 18 weeks of pregnancy, but no
urinary incontinence), and second, whether it is
sufficiently intensive.
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4.4
Postpartum Management of the Pelvic Floor
Pauline E. Chiarelli

Key Messages

Continence promotion in the postpartum
period involves a multicomponent approach.

• Postpartum perineal management includes
wound care, preparing for the first bowel move
ment, and minimizing perineal descent.

• Pelvic floor muscle (PFM) rehabilitation
should be routine for all postpartum women,
and should be tailored for those with
incontinence.

• Continence promotion includes patient educa
tion, good bladder habits, PFM assessment and
exercises, compliance aids, and follow-up
contact.

Introduction

One of the most socially devastating sequelae of
vaginal delivery is PFM damage and the subse
quent loss of bladder or bowel control. The expul
sive forces of the fetal head as it descends through
the birth canal lead to overstretching of both
nerve and muscle tissues, which do not always
undergo full recovery. Such trauma can result
in symptoms of urinary incontinence or anal
sphincter incompetence, including incontinence
of feces or flatus and fecal urgency,' Symptoms
such as these are both embarrassing and debili
tating, and although they may be transient
following a first vaginal delivery, subsequent
deliveries are likely to cause further deteriora
tion.! Continence promotion in the postpartum
period involves a multicomponent, multidisci-

plinary approach, which is described in this
chapter.

Postpartum Perineal Management

In addition to trauma affecting the deeper struc
tures of the pelvic floor, many women suffer
painful trauma to the superficial structures of the
perineum. Evidence supporting the morbidity
associated with per ineal repair includes wound
breakdown, which is reported in 6% of women
while in hospital and 12% at home up to 8 weeks
postpartum.' Other morbidity, such as mild or
moderate edema at 3 to 4 days postpartum, has
been reported in 59% of women.'

In the presence of perineal discomfort, PFM
contraction can be painful, and there is little like
lihood that women might feel motivated to
undertake PFM exercises routinely in the post
partum. Pain is known to inhibit muscle contrac
tion and alter the timing of the onset of reflex
muscle contractions .51n view of the prevalence of
perineal trauma (sutured or otherwise) and its
perceived impact on PFM exercise, it is reason
able to routinely inform women about the best
management practices related to postpartum
perineal trauma. Suggested care practices are
shown in Table 4.4.1.

The discomfort of perineal suturi ng and PFM
trauma might also have wider implications for
women in the postpartum, and information
about constipation and perineal support to mini
mize perineal descent during defecation might
need to be included within any postpartum con
tinence promotion program.
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Pointout:
• the incision line
• any visible sutures
• lacerations
• bruising
• hemorrhoids

TABLE 4.4.1. Outline ofsuggested postpartum perineal care practices
Suggested Practice

Woundcare
Familiarization

Use a hand mirror to view the perineum
togetherwith the woman

PracticeDetails

Woundhygiene

Management of swelling /bruising

Preparing the woman for her first
postpartum bowelmotion

Management of hemorrhoids where
present

Minimizing perineal descent:
Avoid constipation

Doesthe womanadmit to the presence of
perineal swelling?

Soap and water as preferred woundhygiene

Rinsedown following urination or bowel motion
while sitting on the toilet. Suggestthe use of a
water-filled sportsdrink bottle.

Pat dry with toilet paperor tissue.

Cryotherapy
Ice preferred and applied:
• in a dampened cover
• for maximum of 20 minutes
• repeated fourth hourly

Pelvic floor muscle exercise
• Explain their role in reducing swelling (muscle

pump action)
• exercises startedafter 24 hours
• performed within the limitsof discomfort

Allay her fears relatedto "stitches bursting"
duringa bowel motion.
Demonstrate the following while looking in the
mirror:

• gentlysupportthe perineum in an
upwarddirectionas she bearsdownto
open her bowels. Adviseher to cover
her hand with paper tissue or a pad.

• Her fingerscan be partedto
accommodate any suture line.

Explain the need to protectany visible
hemorrhoids from laceration duringdefecation
using the abovetechnique.

Inquireabout the:
• time since her last bowel motion
• usual frequency of her bowel motions
• current fluid intake

If the normaltime between bowel motions has
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TABLE 4.4.1. Continued

Use of correct toileting position

Teach ''The Knack"

Explain the protective effect of
precontracting the PFMs before
coughing, sneezing or lifting

been exceeded encourage her to seek such help
as is routine/standard laxative care practice
within the postnatal unit.

Explain:
• likely effect of increased fluid loss on her

bowels
• the need to increase her fluid intake
• fluid loss is from the combined effects of

lochia, breast milk production, and night
sweats.

The Body Positionand Functional Pattern
I!!/!!i:-lf.,,,,,e Defecation

~
------~

Using the mirror, check that the woman can
contract her PFMs in an upward movement, away
from the mirror.

To activate TrA ask the woman to pull her belly
button and bikini line toward her backbone.

Teach cocontraction of TrA with PFMs using the
following suggested instructions:
"Breathe in, and as you let your breath out, pull up
your PFM and pull in your belly button toward
your backbone. Don't hold your breath ."

Demonstrate the effectiveness of the knack by
asking the woman to cough. This is likely to be
quite uncomfortable. Follow by asking the woman
to precontract PFM and TrA and to repeat the
cough.

Advise the woman to use the knack before
coughing or sneezing, as well as using it before
ANY form of lifting, especially lifting the baby.
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Postpartum PFM Rehabilitation

It is widely held that healthy PFMs make an
important contribution to continence, and pelvic
floor exercises (PFXs) should have top priority
within any postpartum continence promotion
program. Continence promotion should rou
tinely include PFXfor any woman who has had a
baby. For women identified as having inconti
nence of urine, feces, or flatus, the PFX program
should be individually tailored.

In view of the enormous demands and time
constraints placed upon new mothers, it is often
unrealistic to expect regular attendance at post
partum classes. It is important that any exercise
program be simple, quick, and incorporated into
the activities of daily living. To encourage wide
spread routine adoption of PFX by postpartum
women, the exercise program needs to be carried
out by the women unsupervised, without exercise
adjuncts (such as cones, biofeedback, or electrical
stimulation), and without ongoing input from
healthcare professionals. Although many proto
cols include such adjuncts, they have not
been shown to be necessary components of
treatment.

An evidence-based protocol for the rehabilita
tion of the muscles of the pelvic floor following
childbirth is presented in Table 4.4.2.6

-
8
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Components ofa Successful
Postpartum Continence
Promotion Program

Although PFXsare an important part of postpar
tum continence promotion, it is important to
emphasize that continence promotion is more
than PFX. Successful continence promotion is
optimized by a comprehensive program. The
author polled leading experts, including urolo 
gists, obstetricians, gynecologists, nurses, and
physiotherapists, and designed such a program"
(Fig.4.4.1).Arandomized controlledtrial explored
the continencepromotion in postpartumwomen."
The components of this program were shown to
be acceptable to women, and overall, the informa
tion components of the intervention were well
received. Over 80% of women reported that they
read the information booklet, and more than 30%
used the stick-up dots as an aid to compliance.
The intervention required 15-20 minutes to
implement in the hospital and approximately 30
minutes for the postpartum intervention. It would
appear that this postpartum continence promo
tion program is feasible for women who deliver in
hospitals. In view of the costs to the healthcare
system of female urinary incontinence, the costs
of delivering this intervention might be seen as

TABLE 4.4.2. Summary of evidence-based exercise parameters for improving thefunctional capacity ofstriated pelvic floormuscles
adapted forpostpartum women

Exercise
parameter

Type ofexercise
Force
Number of repetitions

per session

Length ofhold

Rest between
contractions

Speed

5pecificity
Sessions per day

Sessions perweek

Suggestion supported bytheliterature

Isometric
Maximum
3to9

5seconds

No

To address fast and slow twitch fibers

Use thetask usually performed bythemuscle group
One ormore

Minimum ofthree

Adaptation forthe
postpartum intervention

Contraction ofthePFMs withhold atend of range
Maximum ormaximum against acough
Starting number tobeassessed from theper vaginam

assessment ofeach woman, increasingasindicated byher
own testing ofher PFMs uptosix repetitions

Starting length ofhold tobeassessed from theper vaginam
assessment of each woman from one second orone hard
cough upto five seconds orfive hard, successive coughs

No

Squeeze and hold (slow) as well as squeeze, hold and cough
(fast)

Addressed byusing "theknack"
Conducted individuallywitheach woman, butaimingfortwo

sessions per day
Daily tofacilitate remembering
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FIGURE 4.4.1. Components of the post
partum continence promotion program.

The int ervention in hospital
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Discussion from booklet
.lUr inary incontinence
.lPelvic floor functionldysfunctlo
.lPelvic floor exercises

- three times a day
- every day
- hold for 3 seconds

.IGood bladder habits

.lGo 6-8 times/day &
once at night

.I Drink plenty of fluids

.I Avoid caffeine

.lPer inea l care

Act ive int ervention

View per ineum using hand
mirror:
.l per ineal trauma (if any)
.Ihemorrhoids
.Ipractice perineal splinting

to use during defecation
Practice:
.Ipelvic floor muscle contraction
.l"t he knack"

versus abdominus co 
ontraction

Compliance aids
.I Red stick-u p dots
.IPosters (opt'onol)

.IPartner information shee t (opt,onol)

Eight weeks postpartum
Choice of home visit or

hospital outpatient visit ( rovide parking voucher)

Discussion

.IContinence sta tus

.lExercise adherence

.I Barriers to exercise

.I Exercise progress ion

.I Wound healing

.I Urinary incontinence

.IConstipation

.IHemorrhoids

.lPelvic organ prolapse

Act ive int ervent ion

.I Pelvic floar assessment

.lPer ineal elevcnen measure

.lPer ineometer measure
of pelvic floor

.lExercise prescription

.lTailor and contract
exercise program

.I Vaginal self assessment
(If agreeable)

.I 0 The knack'
ck defecation dynamics

;( Ongoing referral if necessary

money well spent. In some cases, it might be nec
essary to prioritize interventions and limit them
to members of a target group to achieve maximum
impact with minimal resources.

Effectiveness of
Postpartum Intervention

The evidence for effectiveness of PFM training
during pregnancy has been explored in Chapter
4.3. Five studies relating to the efficacy of PFXfor

postpartum continence promotion examined the
efficacy of PFX among postpartum women (not
using exercise adjuncts) and measured conti
nence outcomes.":"

Three studies assessed urinary incontinence as
well as PFM function as an outcome measure.
Two studies found significant reductions in
urinary incontinence postpartum, but no signifi 
cant difference in measured PFM strength.":"
The study by Morkved and colleagues found sig
nificant improvement in both groups at 16weeks
postpartum.':'Some improvement in measures of
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PFM function were also noted in the control
group (assumed to be the natural recovery of
muscle function after childbirth), but measured
changes in PFM function were significantly
greater in the intervention group.

Chiarelli and colleagues adapted the protocol
used by Bo,8 and incorporated the precontraction
of the PFMs in anticipation of a cough, as well as
cocontraction of the transversus abdominis (TrA)
and PFM during any activities likely to increase
intraabdominal pressure (Table 4.4.1). This treat
ment consisted ofa single visit by a physiotherapist
to all eligible women (continent and incontinent) .
Women were given a continence promotion inter
vention, including a specificallydesigned informa
tion booklet. A single follow-up visit for further
PFM assessment and exercise prescription fol
lowed. Although the program was effective in pro
moting PFXs and continence at three months
postpartum/a there was no significant difference
in continence status among the women in the
intervention group at 12 months postpartum."
Further, continued adherence to PFXsat 12months
was predictive of continence at that time.

In another trial, incontinent postpartum
women were seen initially at 3 months with
follow-up visits at 6 months and 9 months post
partum. Significant improvements in continence
status were noted, along with significantly higher
reported performance of PFX.IS Although one
study tested continence promotion, while the
other examined an intervention for incontinent
women, the following observations might be
made from these studies. First, extending the
follow-up visits to 3, 6, and 9 months postnatally
would seem more likely to provide consistent
results in terms of continence. Second, PFX are
significantly more likely to be performed at 12
months postpartum with even a minimal inter
vention, and continence status at 12 months is
associated with the regular performance of PFX.

Adherence to PFX Programs

In the case of PFXprograms, the most significant
prognostic factor for success is the woman's
adherence to the exercise program." Studies of
continence promotion programs show problems
with adherence, with dropout rates of 15% for
women who are not within the peripartum

P.E. Chiarelli

period," and up to 52%for postpartum women."
Adherence to a treatment program cannot be
assumed, and potential strategies for enhancing
a woman's adherence to PFX regimens during
and beyond the postpartum year must be consid
ered an important component in any continence
promotion program.

Studies ofadherence to general exercise therapy
show programs that include motivational strate
gies to be more effective. Key components of
success include goal setting, negotiating treat
ment goals, formulating plans that are tailored to
the individual needs of the woman's situation and
daily routine, and finding specific events in a
woman's daily routine to which program compo
nents might be anchored. I? Lack of time is among
the reasons given by postpartum women for diffi
culties in adhering to prescribed PFXprotocols,"
and women find it easier to adhere to programs
that involve fewer lifestyle changes (Fig.4.4.1).

Studies show that adherence levels deteriorate
when any effective adherence-aiding strategy is
withdrawn. Furthermore, women are more likely
to comply with treatment programs that include
specific positive-feedback program adherence.
It is therefore important to check adherence
at every consultation and maintain adherence
interventions.

Integrating Continence Promotion
into Routine Health Care

Continence promotion programs have been
found to be acceptable to postpartum women.I?

The information components of the program are
well utilized and there is good adherence with
the recommended PFX regimen. Yet, in general,
opportunities for continence promotion during
pregnancy are not being utilized," and studies of
continence promotion programs show dropout
rates of up to 52% for postpartum women."

Because women's perceptions about their
ability to contract these muscles are not always
correct, well-designed PFX programs include
vaginal preassessment of PFMs to ensure correct
contraction." Women appear to be receptive to
such PFMfunction assessment in the postpartum
period. The continence promotion study in post
partum women revealed that 74.5%of the women
had attended their routine postnatal checkup and
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that 79.8% of these women had undergone a
pelvic examination.' Moreover, few reported
feeling embarrassed about PFM function testing
during the examination.

Although opportunistic assessment of correct
PFM contraction might seem to be a rational
inclusion within a routine postnatal examina
tion, only 27.5% of the women reported having
their muscles tested in this manner.' Health pro
fessionals need to be informed and reassured that
postpartum women are receptive to PFM func
tion testing, and that postpartum visits present
an ideal opportunity for such a procedure. Efforts
should be made to ensure that all relevant health
care professionals possess adequate knowledge
about PFX.

Conclusion

There is little doubt that the conservative man
agement of urinary and fecal incontinence is effi
cacious. Further, continence promotion among
women in the early postpartum has been shown
to prevent the development of urinary inconti 
nence. Women benefit from education within a
continence promotion program, and health care
professionals should use the opportunity post
partum to assess the pelvic floor, to inform about
pelvic floor dysfunction, and to encourage and
instigate PFXs.
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4.5
Role of a Perineal Clinic
Ranee Thakar

Key Messages

• The perineal clinic offers access to multidisci
plinary care for a variety of postpartum prob
lems, including dyspareunia, perineal pain,
wound breakdown, and anal and urinary
incontinence.

• Women who sustain obstetric anal sphincter
injury should be seen within 3 months
postpartum.

• Pregnant women with a prior injury can be
evaluated and counseled regarding mode of
delivery.

Introduction

More than 85% of women sustain perineal
trauma,' and up to two thirds of women need
suturing. This can have a devastating effect on
family life and sexual relationships.' Perineal
pain and discomfort affects up to 42% of women
10days postpartum, and in 10% of women these
problems persist at 18 months.' Fifty-eight
percent of women experience superficial dyspa
reunia 3 months after delivery,' Urinary inconti
nence affects 32% of women 3 months post
partum," although this improves in two thirds
within 1 year." Incontinence to flatus and feces
affects 45% and 10% of women, respectively,
within 3 months of delivery.'

Although there have been great advances in
antenatal and intrapartum care, postnatal mater
nal morbidity has remained largely neglected.
Encountering such unexpected problems after
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childbirth can leave women feeling inadequate
and distraught. As these problems are usually of
a sensitive nature, women should ideally be seen
in a dedicated clinic instead of a busy general
clinic. Furthermore, this environment facilitates
childcare and breastfeeding. The establishment
of a dedicated one-stop clinic enables provision
of evidence-based quality care by experienced
professionals. A dedicated perineal clinic also
provides women an opportunity to be given an
explanation of the circumstances under which
the perineal injury occurred and counseled
appropriately regarding modes of subsequent
delivery. Women attending such a dedicated
clinic have reported high satisfaction rates and
found the service very valuable.

Structure ofthe Clinic

The perineal clinic should be staffed by a consul
tant urogynecologist (competent at urodynamics,
anal manometry, and ultrasound) and a trained
nurse/midwife. There should be easy access to
a physiotherapist, a continence nurse specialist,
colorectal nurse specialist, colorectal surgeons,
and psychosexual counselor. Integration of multi
disciplinary professionals promotes a holistic
approach to pelvic floor and perineal problems.
Furthermore, this clinic should accept self-refer
rals and should be easilyaccessibleto general prac
titioners and midwivesto allowfast tracking.

This clinic should be restricted to childbirth
related problems and include conditions such as
dyspareunia, perineal pain, wound breakdown,
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FIGURE 4.5.1. Pathway for management
ofanal fissure. I Clinical diagnosis of anal fissure I

1
Lactulose 15mls bd , Isphagula
Husk (FybogeJ®lone sachet bd

1
I Glyceryltrinitrate 0.2% ointment

II Severe headache Apply perianaly tds
I I

1 1IHydrocortisone 1%, pramocaine 1% I I

I(Anusol-HC® )ointment bd I I Follow up in 8 weeks

1
I
lf problems persist refer to colorectal surgeons I

to cons ider lateral sphincterotomy I

infection, prolapse, and anal and urinary incon
tinence. Women who have sustained obstetric
anal sphincter injury (GASI) should be seen
within 3 months postpartum. In addition, preg
nant women with previous GASI can be evaluated
and counseled regarding mode of delivery.
Ideally, the clinic should be equipped with facili
ties for endoanal ultrasound scans and for anal
manometry, to facilitate a one-stop approach.

Treatment for Conditions Encountered
in the Perineal Clinic

Anal fissures, perineal pain , and GASI can be
managed according to the pathways in Figures
4.5.1, 4.5.2, and 4.5.3.8 All women with urinary
and anal incontinence should be instructed to do
pelvic floor muscle exercises and/or biofeedback

Specific pathology for example:
Abscess - drain

Irritant suture material - remove

Detailed perineal examination looking specifically for:
scar tissue
elicit scar tenderness
other causes of perineal pain including abscess &
irritant non dissolved suture material

No obvious pathology :
lidocaine hydrochloride gel 2%

advise to commence sexual intercourse
follow up in three months.

if pain persists give the following into the site of maximal tenderness :
10ml 0.5% Bupivicaine
1500iu Hyaluronidase
1mt of depotmedrone
Follow up in 1 month

if pain continues repeat the three injections as described above
Follow up in 1 month

If perineal pain still persists consider other treatments
including vaginal dilators and psychosexual counselling

FIGURE 4.5.2. Pathway for management ofperineal pain.
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Management after a 3j/4 j tear

R. Thakar

Avoid traumatic delivery
Experienced person
Prophylactic episiotomy

unproven benefit

Traumatic delivery anticipated
Big baby
Occipito-posterior position
Slow progress in labour

Conservative matrix
Dietary advice
Regulate bowel action
Bulking allents
Constipating agents

- Codeine phosphate
- loperamide

PFE and biofeedback

FIGURE 4.5.3. Pathway for management after3°W anal tear.

should be initiated. Women with perineal wound
breakdown should have careful inspection of
their perineum, swabs taken, antibiotics given
as appropriate, and advice given on perineal
hygiene.

Our Experience

In Mayday University Hospital, Croydon, UK, we
have a one-stop perineal clinic. Over a 21-month

TABLE 4.5.1. Reasons for referral

n %

OASI follow up 134 54.0
Dyspareunia 8 3.2
Perineal pain 12 4.8
Wound breakdown 2 4.8
Prolapse 9 3.6
Urinary incontinence 20 8.0
Vulval hematoma 3 1.2
Anal incontinence 16 6.4
Previous OASI 15 6.0
Vaginal discharge 7 2.8
Traumatic vaginal delivery 7 2.8
Miscellaneous 6 2.4

n=249.

period, between September 2002 and May 2004,
249 new referrals were seen. The mean age was 30
years (range 16-42) with a median parity of 1
(range 1-5). The reasons for referral are shown in
Table 4.5.1.

All women with anal fissures, perineal pain,
and dyspareunia had resolution of symptoms
when managed by protocol. On direct question
ing, 7 (5.2%) with OASI had symptoms of anal
incontinence. Twenty (15.6%) had ultrasound
defects at follow-up. Nineteen (7.6%) women
attending the clinic required directed pelvic floor
muscle exercises and 24 (9.6%) had biofeedback.
Five women have subsequently had surgery, two
for urinary incontinence and prolapse, and 3 had
secondary anal sphincter repairs.

Conclusion

Postpartum problems are clearly an integral part
of care of childbearing women, and such clinics
should be available to mothers. This kind of
service would lead to women being seen promptly
and to the development oflocal expertise in man
aging perineal problems . More research is needed
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in the management of perineal problems, includ
ing the management of women with OASI in sub
sequent pregnancies, and a perineal clinic is an
ideal setting for this.
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4.6
Overactive Bladder
Kathryn 1. Burgio, Dudley Robinson, and Linda Cardozo

Key Messages

• Two main approaches to OAB are behavioral
interventions and pharmacologic therapies.

• Bladder training focuses on reducing voiding
frequency using incremental voiding schedules
and techniques for coping with urgency.

• Behavioral training focuses on teaching
patients a new response to urgency and urge
suppression strategies, including how to use
pelvic floor muscle (PFM) contractions to vol
untarily suppress detrusor contraction.

• Pharmacological therapy includes oxybutynin,
propiverine, tolterodine, trospium, solifenacin,
darifenacin, imipramine, and desmopressin.

• Combining behavioral and drug therapy can
optimize patient outcomes.

Introduction

Overactive bladder (OAB) is defined as urgency,
with or without urge incontinence, usually with
frequency and nocturia.' It is a common condi
tion with a significant impact on the quality of
life.' There are two primary approaches to the
treatment of OABj behavioral interventions and
pharmacologic therapies. Both have been shown
to produce significant reduction of OAB symp
toms in large numbers of patients.

Behavioral Interventions

Historically, behavioral interventions have
focused on the treatment of urge urinary incon
tinence, rather than the broader spectrum of
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OAB symptoms. However, over time they have
also proven useful for reducing the symptoms of
urgency, frequency, and nocturia. Several behav
ioral techniques have been described, includ
ing scheduled toileting (timed voiding, delayed
voiding, bladder drill, bladder training, and
prompted voiding), PFM training and exercise,
biofeedback, use of PFMs for urethral occlu
sion, urge inhibition training, urge suppres
sion strategies, urge avoidance , self-monitoring
with bladder diaries, and fluid and diet mod i
fication. The goal of each of these methods
is to reduce urinary incontinence by changing
patient behavior or by teaching continence
skills.

In clinical practice, the most successful behav
ioral programs appear to be multicomponent
programs that combine various behavioral ele
ments into a program individualized to the
patient. There are two fundamentally distinct
approaches to behavioral management of urge
incontinence and OAB that incorporate one or
more of these techniques: bladder training, which
targets voiding habits, and behavioral training,
which focuses on teaching patients new skills
using methods such as PFM training and urge
suppression strategies to control detrusor
contraction.

Bladder Training
First described in the 1970s,bladder training has
long been viewed as a standard behavioral treat
ment for urge incontinence.' The goal of bladder
training is to modify bladder function by altering
voiding habits. The training focuses on reducing
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Cycle of Urgency and Frequency
Incontinence

~ Urgency I

Bladder Detru;or_ Behevioral
Training - Frequency Overaclivity Trelnlng

Reduced ""
Capacity

FIGURE 4.6.1. Cycle of urgency and frequency, depictingthetwo
points where bladder trainingand behavioral trainingare thought
to break the cycle. (Source: Burgio KL. Current perspectives on
management of urgency using bladder and behavioral training.
Supp J Am Acad Nurs Pract. 2004;16:4-7.)

voiding frequency to increase bladder capacity
and eliminate detrusor overactivity.

Figure 4.6.1 presents a model of OAB in which
urgency is a sensation that drives frequency.
Unlike the ordinarysensation of fullness ,urgency
is a strong sensation that is difficult to defer. In
this model, urgency promotes the increased fre
quency, which over time, can lead to reduced
bladder capacity. In turn, the habit of frequent
voiding and a smaller funct ional bladder capac-
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ity are thought to contribute to detrusor over
activity. Uncontrolled detrusor contraction pro 
duces incontinence and contributes to urgency,
completing a self-perpetuating cycle of OAB
symptoms.

Bladder training breaks the cycle of urgency
and frequency using consistent incremental
voiding schedules. It begins with the patient com
pleting a voiding diary, which shows the clinician
when and how often the patient is voiding. The
diary is reviewed with the patient to determine
the longest time interval between voids that is
comfortable, and this baseline interval becomes
the starting point. Patients are given instructions
to void according to this schedule rather than in
response to urgency.Their daily schedule includes
voiding upon waking, each time the interval
passes during the day, and just before bed. To
comply with this regimen, patients must resist
the sensation of urgency and postpone urination.
To help the patient cope with their urgency, they
can be instructed to use distraction or relaxation
techniques or self-affirming statements to get
them to the next scheduled voiding time. Over
time , the voiding interval is increased at comfort
able intervals to a maximum of every 3 to 4 hours.
See Figure 4.6.2 for guidelines for implementing
bladder training.

FIGURE 4.6.2. Guidelines for
bladder training.

Guidelines for Bladder Training

Step 1: Reviewbladderdiary with the patientand identifyvaryingvoiding intervals.

Step 2: With the patient,select the longestvoiding interval that is comfortable for
her.

Step 3: Providewritten patient instructions:
Emptyyour bladder...

o First thing in morning
o Every time your voiding interval passesduring the day
o Just beforeyou go to bed

Step 4: Teach patientcoping strategiesthat she can use when she has an urge
to void before her intervalhas passed:
~ Self-statements (e.g., "I can wait until it is time to go.")
~ Distraction to anothertask
~ Deepbreathing and relaxation
~ Urgesuppression using pelvic floor musclecontraction

Step 5: Graduallyincreasethe voiding interval...
~ When patient is comfortable on her schedule for at least 3 days
~ By 3D-minute intervals, moreor less as determined by the patient's
confidenceand clinician judgment
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The effectiveness of bladder training for reduc
ing incontinence has been demonstrated in
several studies.':" The most definitive is a ran
domized controlled trial demonstrating in older
women an average 57% reduction in incontinent
episodes and 54% reduction in the quantity of
urine loss."

Behavioral Training with PFM Rehabilitation

The second basic approach to the behavioral
treatment of urge incontinence and OAB is behav
ioral training. The goal of behavioral training is
to improve bladder control by teaching the patient
how to voluntarily suppress detrusor contrac
tions . This involves a new response to urgency
and learned use of the PFM to control urgency
and detrusor contraction (Fig. 4.6.3).

PFMtraining is a central element of behavioral
training. Its use is based on the premise that vol
untary contraction of the PFM not only can
occlude the urethra, but also can inhibit or abort
detrusor contractions. It is a skill that can be
accomplished by most patients and provides sig
nificant reduction of incontinence.

The first step in behavioral training for OAB is
to assist patients to identify the PFMsand to con
tract and relax them selectively without increas
ing pressure on the bladder or pelvic floor.Among
the techniques shown to be successful for this
step are biofeedback/ and verbal feedback using

Detrusor Inhibition

I

~
Anal Sphincte r 1\
~~--

FIGURE 4.6.3. Polygraph tracings showing themechanism ofthe
urge suppression strategy: immediate suppression of detrusor
contraction using active, voluntary contraction of PFMs (anal
sphincter).

K.L. Burgio et al.

vaginal or anal palpation." Once patients have
learned to properly control the PFM in the clinic,
they are given instructions for daily progressive
exercises to strengthen their motor skills, as well
as muscle strength (see Chapter 4.2).

One exercise found to be helpful for patients
with urge incontinence is to interrupt or slow the
urinary stream during voiding once per day. Not
only does this provide practice in occluding the
urethra and interrupting detrusor contraction, it
does so in the presence of urge sensation, when
patients with OAB need the skill most . Some cli
nicians have concerns that repeated interruption
of the stream may lead to incomplete bladder
emptying in certain groups of patients. There
fore, caution should be used when recommend
ing this technique for patients who may be
susceptible to voiding dysfunction.

Another cornerstone of behavioral training
is teaching patients a new way to respond to
urgency: the urge suppression strategy,"Ordinar
ily, OAB patients feel compelled to rush to the
nearest bathroom when they feel the urge to void.
In behavioral training, they learn how th is
natural response is actually counterproductive,
because it adds physical pressure on the bladder,
enhances the sensation of fullness, exacerbates
urgency, triggers detrusor contraction, and
increases the risk of an incontinent episode.
Although the new response is counterintuitive at
first, patients can learn instead to stop what they
are doing , sit down if possible, and contract the
PFMrepeatedly to suppress the detrusor contrac
tion . They concentrate on voluntarily inhibiting
the urge sensation and wait for the urge to subside
before they walk at a normal pace to the toilet.
See Figure 4.6.4 for patient instructions for using
the urge suppression strategy.

The effectiveness of behavioral training has
been established in several studies.Y":" In the
first randomized controlled trial, behavioral
training reduced incontinence episodes signifi
cantly more than drug treatment, and patient
perceptions of improvement and satisfaction
with their progress were higher," A subsequent
study demonstrated that the results of behavioral
training using biofeedback versus verbal feed
back based on vaginal palpation did not differ
significantly," indicating that careful training
with either method can achieve good results.
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FIGURE 4.6.4. Patient
instructions for the urge
suppression strategy. (Source:
Burgio KL, Pearce KL, Lucca A.
Staying Dry: A Practical Guide
to Bladder Control. Baltimore:
Johns HopkinsUniversity
Press, 1989.)

Patient Instructions for the Urge Suppression Strategy

When youexperience a strong urgeto urinate...

Step 1: Stopand staystill. Sit downif youcan.

Step2: Squeeze yourpelvicfloor muscles quickly3 to Stimesandrepeat as
needed.

Step3: Relaxthe restof yourbody. Takeseveral deepbreaths.

Step4: Concentrate on suppressing the urgefeeling.

StepS: Wait until the urgesubsides.

Step6 Walkto the bathroom at a normal pace.

Urgency, Frequency, and Nocturia

Because most research on bladder training and
behavioral training has been conducted with
incontinence as the primary outcome measure,
less is known about their effects on urgency or
daytime frequency and nighttime urination. In
studies of bladder training, frequency is not
usually viewed as an outcome measure because it
is the mechanism by which incontinence is
reduced. In studies of behavioral training, reduc
tions in daytime and nighttime urination have
been observed incident to treatment for urinary
incontinence.":" Thus, there is evidence that
both bladder training and behavioral training
can be used to successfully to treat the broad
spectrum of OAB symptoms.

Pharmacological Therapy

Pharmacological therapy continues to play an
important role in the management of women
with an overactive bladder.

Drugs with Mixed Actions

Oxybutynin

Oxybutynin is a tertiary amine with a mixed
action consisting of both an antimuscarinic and
a direct muscle relaxant effect. In addition it has
local anesthetic properties, which is important
when given intravesically. Oxybutynin has been
shown to have a high affinity for muscarinic

receptors in the bladder and a higher affinity for
MI and M3 receptors over M2•

The effectiveness of oxybutynin in the man
agement of patients with OAB is welldocumented
in placebo controlled trials, although as many as
80% of patients complain of significant adverse
effects, principally dry mouth or dry skin ." :"
Oxybutynin has been shown to be more effective
than previous ant imuscarinic agents, such as
propantheline, and as efficacious as propiverine.
However, the ant imuscarinic adverse effects of
oxybutynin are often dose limiting.P:" Using an
intravesical or intrarectal route of administra
tion , higher local levels of oxybutynin can be
achieved while limiting the systemic adverse
effects.

More recently, controlled release oxybutynin
(Ditropan XL) preparations using an osmotic
system (OROS) have been developed and shown
to have efficacy comparable to immediate release
oxybutynin, although with feweradverse effects."
In one study, incidence of moderate to severe dry
mouth was 23%, and only 1.6% of participants
discontinued because of adverse effects.IS

An oxybutynin transdermal delivery system
has also been developed and compared with
extended release tolterodine. Both agents signifi
cantly reduced incontinence episodes, increased
volume voided and improved qual ity of life in
patients with mixed incontinence. The most
common adverse event with the oxybutynin
patch was application site pruritis in 14%. The
incidence of dry mouth was lower (4.1%) com
pared to tolterodine (7.3%).19
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Propiverine

Propiverine has been shown to combine anticho
linergic and calcium channel-blocking actions
and is the most popular drug for OAB in Germany,
Austria, and Japan. Efficacy has been demon
strated in open studies and in a placebo
controlled trial of its use in neurogenic detrusor
overactivity, it was shown to significantly increase
bladder capacity and compliance. Dry mouth was
experienced by 37% in the treatment group com
pared to 8% in the placebo group, with dropout
rates of 7% and 4.5%, respectively,"

Antimuscarinic Drugs
Tolterodine

Tolterodine is a competitive muscarinic receptor
antagonist with relative functional selectivity for
bladder muscarinic receptors, and although it
shows no specificity for receptor subtypes, it does
appear to target the bladder over the salivary
glands. Several controlled trials on patients with
idiopathic or neurogenic detrusor overactivity
have demonstrated significant reductions in
incontinent episodes and frequenc y" and con
firmed the safety of tolterodine, with an in
cidence of adverse events no different than
placebo." Data from several trials indicate that
the clinical efficacy of tolterodine is comparable
to that of oxybutynin, and is associated with
fewer adverse events, dose reductions, and patient
withdrawals."

More recently, tolterodine has also been devel
oped as an extended release once daily pre
paration (Detrusitol XL). When compared to
immediate release tolterodine and placebo, this
preparation was found to be significantly more
effective for reducing urge incontinent episodes
and had better tolerability, with a 23%lower inci
dence of dry mouth."

Extended release oxybutynin and extended
release tolterodine were compared in the OPERA
trial (Overactive bladder: Performance of
Extended Release Agents), which involved 71
centers in the United States. Improvements in
episodes of urge incontinence were similar for
the two drugs, but oxybutynin was significantly
more effective for reducing frequency of micturi
tion. Significantly more women taking oxybu
tynin were also completely dry (23% vs. 16.8%;

K.L. Burgio etal.

P = 0.03),although they experienced significantly
more dry mouth."

Trospium

Trospium chloride is a quaternary ammonium
compound that is nonselective for muscarinic
receptor subtypes and shows low biological
availability. It has produced significant clinical
improvement, as well as increases in maximum
cystometric capacity and threshold volume for
detrusor contraction. The frequency of adverse
events was similar to placebo." Compared to
oxybutynin, both agents showed significant
improvement in bladder capacity and compliance
and were not significantly different from each
other. Those taking trospium had a lower inci
dence of dry mouth (4% vs. 23%) and were less
likely to withdraw (6% vs. 16%),21

Solifenacin

Solifenacin is a potent M3 receptor antagonist
that has selectivity for the M3 receptors over M2

receptors and has much higher potency against
M3 receptors in smooth muscle than in salivary
glands. Despite expressing a higher potency than
darifenacin in a model of inhibition of M3 recep
tor-mediated calcium ion mobilization in guinea
pig colonic smooth muscle cells," it has been
shown to be 40-fold less potent than oxybutynin
and 79-fold less potent than tolterodine in its
inhibition of salivary secretion. " In the S.T.A.R.
study (Solfenacin in a flexible dose regime with
tolterodine XL as an active comparator in a
double-blind, double-dummy, randomized OAB
symptom trial) on 1,177 patients, solifenacin was
more effective than tolterodine in producing
continence (59% vs. 49%) using a three-day
diary. There was a 31% greater reduction in
pad usage with solifenacin than tolterodine (P =
0.0023) and symptoms of urgency were also
decreased. The suggested dosage is 5mg daily,
with an increased dose to 5mg bd if required."

Darifenacin

Darifenacin is a highly selective M3 receptor
antagonist that has been found to have a 5-fold
higher affinity for the human M3 receptor, rela
tive to the M1 receptor. Darifenacin is equipotent
with atropine in the ileum and bladder and 6
times less potent at inhibiting muscarinic recep-
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tors in the salivary gland. Salivary responses are
inhibited at doses 6-1O-fold higher than those
required to inhibit bladder responses. Further
more, a pilot study has demonstrated its ability
to reduce the number, maximum amplitude, and
duration of uninhibited bladder contractions."

Antidepressants: Imipramine

Imipramine has been shown to have systemic
anticholinergic effects and blocks the reuptake of
serotonin. Some authorities have found a signifi
cant effect in the treatment of patients with OAB32

although others report little effect. In light of this
evidence and the adverse effects associated with
tricyclic anti-depressants, their role in OAB
remains of uncertain benefit although they are
often useful in patients complaining of nocturia
or bladder pain.

Antidiuretic Agents: Desmopressin

Desmopressin (l-desamino-8-D-arginine vaso
pressin; DDAVP) is a synthetic vasopressin ana 
logue. It has strong antidiuretic effects without
altering blood pressure. The drug has been used
primarily in the treatment of nocturia and noc
turnal enuresis in children and adults. More
recently, nasal desmopressin has been reported
as a "designer drug" for the treatment of daytime
urinary incontinence." Desmopressin is safe for
long-term use, however it should be used
with care in the elderly because of the risk of
hyponatremia.

Combining Behavioral and Drug Therapy

One of the drawbacks of both behavioral treat
ment and pharmacological therapy is that the
majority of patients do not achieve full conti
nence. On average, only 20% to 30% become dry.
Considering that these therapies may work by
different mechanisms, combining them may be
one strategy to enhance outcomes . Early studies
provide evidence for the effectiveness of com
bined therapy. In one study, bladder training sig
nificantly increased the effects of tolterodine
for reducing voiding frequency and increasing
volume voided." In another study of women
treated initially with behavioral training or
immediate-release oxybutynin alone, crossover
to combined treatment improved outcomes sig-
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nificantly over those achieved with the single
therapy," Thus, combining behavioral and drug
therapy may be one way to optimize outcomes for
patients with OAB.
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4.7
Sexual Dysfunction and the Overactive
Pelvic Floor
Wendy F. Bower

Key Messages

• Dyspareunia and overactive pelvic floor (OAPF):
stretching techniques of the pelvic floor muscle
(PFM), stimulation of painful regions.
PFM training may improve orgasmic
response.

• Sexual dysfunction, including coital inconti
nence, is common in incontinent women.

• Management of OAPF includes postural cor
rection, joint mobilization, and reduction of
strain on pelvic fascia.

• Subcutaneous restrictions, trigger points, or
scar tissue are treated with deep massage and
friction techniques, augmented by the use of
ultrasound or heat .

Introduction

Female sexual dysfunction is defined as a disor
der of sexual desire, arousal, orgasm, and/or
sexual pain. I Loss of arousal is marked by vaginal
lubrication problems, whereas orgasmic dys
function includes infrequent or nonorgasmic
response.' Pain associated with sexual activity
may be either dyspareunia, vaginismus, or non
coital sex pain.' Up to 63% of community
dwelling women and 76% of women with pelvic
pain may have some form of sexual dysfunc
tion.':':" Personal distress, negative experience in
sexual relationships, and adverse effects on
quality of life are common in women with sexual
dysfunction."

Sexual arousal depends on an intact sympa
thetic nervous system and can be overridden by
the expectation of pain. The anticipation of dis
comfort induces anxiety and limits the sexual
arousal response, thus, preventing vaginallubri
cation." Pain medication, estrogen deficiency,
alcohol, and antidepressant, anticholinergic, and
antihistamine medications also have a negative
effect on vaginal lubrication.2 Poor lubrication of
vaginal tissues leaves them susceptible to trauma
with penetration and subsequent pain.

Symptoms and Findings

Dyspareunia

Dyspareunia, or pain on penile, digital, or other
methods of vaginal penetration, ranges from
localized introital tenderness to diffuse deep
soreness and can be sustained for up to 3 days
after sexual activity.' Common causes in women
with pelvic pain include endometriosis, adhe
sions, organ pathology, acute or chronic inflam
mation, contact with the cervix, vaginismus,
atrophy, and urethral or bladder wall trauma.i"
Dyspareunia has been reported in up to 41% of
patients with incontinence and 57% of patients
with OAPF. It is generally attributed to stretch
ing of the shortened pelvic floor, stimulation
of painful regions, or organ dysfunction/
adhesions.vY'"

Initially, treatment should involve the identifi
cation and management of associated pathologi
cal conditions of the bladder, urethra, and vagina.
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Sexual counseling is appropriate if psychological
or relationship problems are evident or there is a
disclosure of previous sexual abuse. When deep
dyspareunia is present, women should be edu
cated to limit deep thrusting during intercourse
until they are highly aroused, the vaginal apex
has expanded, and the uterus has moved upward .'
Sexual positions that minimize discomfort in
clude the woman being astride, partners side by
side, or vaginal entry from behind. Techniques to
desensitize the introitus using the woman's own
finger, her partner's fingers, or a dilator/vibrator
may prove helpful.

Vaginismus

Vaginismus is the involuntary contraction of
muscles in the outer third of the vagina, which
limit or prevent vaginal penetration. The muscle
spasm is considered to be a conditioned response
to events that have previously caused pain or dis
comfort and may have its origin in prior vaginal
infection, sexual trauma, or unresolved psycho
logical conflict.2.8 .11 As vaginismus is situation
specific, pelvic muscle spasm may not always be
evident on examination. However, in most such
cases, careful palpation of the pelvic floor repro
duces the woman's pain.'

There is known to be a high prevalence of vagi
nismus in patients with both urethral syndrome
and vulvar vestibulitis," suggesting a link with
impaired vasodilatory arousal response and dys
pareunia.' Although women with vaginismus
would be expected to have altered muscle
mechanics, van der Velde and Everaerd reported
no difference in the quality of pelvic floor relax
ation or contraction when compared with healthy
volunteers."

Therapy is multimodal and involves explora
tion of physical causes, identification of signifi
cant psychological issues, and reconditioning of
the learned response to sexual contact. Patient
education involves the woman looking at her
vulva and coming to understand the vaginismic
response. This is followed by muscle awareness
of contraction and relaxation in other regions of
the body, with eventual progression to the peri
neal and PFM groups . The woman and/or her
partner gradually and progressively introduce a
finger, tampon, dilator, or EMGelectrode into the
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vagina while maintaining a lax introitus, even
breathing, and relaxation. Ifbiofeedback is used,
the woman has immediate visual feedback of
vaginal pressure and relaxation. At all times the
patient is in control of the situation, and progres
sion to penetration will occur only when she
chooses, and when she has trust in her sexual
partner.v"

Orgasmic Dysfunction
Female orgasm follows sufficient sensory stimu
lat ion and induces repeated l-s motor contrac
tions of the pelvic floor, succeeded by repeated
uterine and vaginal smooth muscle contractions. I

Poor pelvic floor positioning, tone, and strength
are associated with decreased intensity of
orgasm." In women with pelvic pain, a lack of
orgasm is frequently associated with a learned
inhibitory elevation of the pelvic floor, based on
prior painful encounters.' Low arousal, inade 
quate stimulation, dyspareunia, anxiety, vaginis
mus, and sexual inhibition can all be primary
factors driving a nonorgasmic response .Although
there is no correlation between sexual function
and PFM strength in the normative muscle,IS

one third of women who reported difficulty in
reaching climax improved after pelvic floor re
habilitation treatment." To date, no studies have
demonstrated improvement in pelvic pain with
pelvic floor rehabilitation.

Sexual Dysfunction and Incontinence
Sexual dysfunction, and particularly the aspects
of hypoactive desire and sexual pain, are signifi
cantly more common in women with inconti
nence than in those who are continent." :"
Although it is unclear whether urinary symp
toms may be the cause or result of sexual
dysfunction, patients with mixed urinary incon
tinence appear more vulnerable than those with
isolated overactive bladder or stress inconti
nence.16

-
18 Women with an overactive bladder

report the need to void and fear of coital leakage
as major causes of hypoactive sexual desire ."

The prevalence of incontinence during sexual
activity ranges from 2% to 10% in a community
sample and from 10% to 56% in women with
lower urinary tract disorders.Y";" Coital leakage
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is more prevalent in women with severe rather
than moderate symptoms and peaks around 50
years of age.20

,21 Unless a clinician specifically
asks about incontinence during intercourse,
women are unlikely to volunteer the symptom."
Aside from coital leakage, wetness during the
night, the need to wear pads to bed, odor, and
nocturnal enuresis have all been associated with
a decrease in the frequency of sexual activity,"

Women with urinary incontinence or lower
urinary tract symptoms have a significantly
higher rate of sexual pain than women without
these symptoms." Women with an overactive
bladder are more likely to experience pain or
orgasmic difficulties during intercourse than are
womenwith isolatedstress incontinence; however,
the latter group reported greater interference
with sexual activity," :" Women with recurrent
cystitis and voiding dysfunction may be at the
most risk for sexual pain disorders, possibly
because of impaired blood flow to the pelvic
region, inflammation, or underlying OAPF.1s

Surgical treatment of incontinence and uro
genital prolapse, although curative, may have
adverse effects on sexual function. Alteration of
local blood flow, vaginal architecture, sensation,
and connective tissue structure can diminish
libido and arousal, cause dyspareunia, and inhibit
orgasm.v"

Conservative Management of
theOAPF

Musculoskeletal
The basic premise behind any treatment of the
OAPF is that, as a consequence of its attachment
to the bony pelvis and fascial structures, dys
function often extends beyond the fibers of
the levator ani. Accordingly, a holistic therapy
approach begins with postural correction, joint
mobilization, and gait modification. Spinal and
hip joints need full range of movement to reduce
strain on the pelvic fascia and its attachment to
the OAPF. In particular, limitation of pelvic
movement at the coccygeus or sacrum can impair
the rehabilitation of the PFMs.24 Because joints
are anchored by their capsules and connective
tissue, stretching, strengthening, and correction
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of muscle imbalances around the trunk and hip
joints is often necessary." If a woman has a
significant diastasis of the rectus, optimal func
tion of the pelvic floor cannot be achieved, and
she should be taught to support the abdominal
wall and begin rehabilitation of the apposed
muscle.": "

Psychological

Because there is a known association between
prior sexual and physical abuse and functional
disorders (e.g. dysfunctional voiding, defecation
difficulties) in women with pelvic pain, clinicians
should be sensitive to possible disclosures. Aside
from showing calm concern and care, a referral
for psychotherapy or other mental health inter
vention should be considered. Intervention may
be modified by the need to proceed more slowly
to techniques involving vaginal contact, and
perhaps to substitute external therapies for inter
nal techniques.

Box #1
Assessment ofthe woman with an
OAPF muscle

1. Visualize the perineum at rest: note size
of genital hiatus and position of perineal
body.

2. Observe PFM contraction, relaxation, and
bearing down; note movement, recruit
ment patterning, timing, proprioception,
fatigue, and accessory muscle activity.

3. Check sensation/neurological integrity;
note anal wink reflex.

4. Palpate the external tissues: note tissue
quality, variation in color, sensation,
temperature, tenderness, possible trigger
points, and sites of pain referral.

5. Palpate the vagina/rectum with a single,
well-lubricated digit; note presence of pain
(site, localized or diffuse), PFM tone (com
pressibility); relaxation after a contraction
(absent, partial, full), spasm, and con
tractile activity (+/- surface EMG or
manometry).
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Box #2
Point-form treatment ofdyspareunia patient
with short pelvic floor muscles

• Goal setting of 4-6 weeks before tissue
normalization

• Home introital desensitization (+/- vagi
nal dilator) and exploration of arousal
techniques

• Connective tissue work on pelvic and
abdominal region +/- heat and ultrasound

• Treatment of any overactive bladder symp
toms or bowel-emptying dysfunction

• Stretching and fascial release of vaginal wall
and anomalies identified on palpation

• Contract-relax techniques immediately
after fascial therapy

• Posttreatment electrostimulation via surface
or vaginal electrode for pain relief or muscle
normalization

• Explanation of sexual positioning to mini
mize discomfort

General

Women are encouraged to initiate general fitness
activities, such as walking or swimming, to stim
ulate circulation, decrease stress and depression,
and assist in pain relief," From the outset, activi
ties and postures (e.g, excessive posterior pelvic
tilt in sitting) that increase tension on the short
ened OAPFor generate pain should be avoided. 25,27

Vigorous PFMexercise is not an appropriate first
line therapy for the woman with OAPF.

Manual Therapy

Connective tissue of the pelvic and abdominal
region may be noted to have subcutaneous restric
tions , trigger points, or scar tissue." Such limita
tions are treated with deep massage and friction
techniques, augmented by the use of ultrasound
or heat, until there is unrestricted mobility in
all directions.":" The PFMs are assessed by
digital vaginal palpation for fibrous bands, areas
of soreness, trigger points, and decreased tissue
mobility." Tissue abnormalities are treated with
techniques to stretch and release fascia and elon
gate the underlying muscle." Women may volun
tarily contract the pelvic floor after stretching to

W.F.Bower

effect the more complete relaxation and length
ening that follows muscle contraction. Adjunc
tive neuromuscular electrical stimulation
(NMES) can be used to increase local circulation,
thereby removing metabolites. This facilitates
optimal neural drive, allows greater tissue exten
sibility, and provides a posttreatment analgesic
effect." Resolution of trigger-point pain and res
toration of tissue homogeneity may take from 6
to 10weeks.":"

Muscle Rehabilitation

Extensive muscle awareness training is imple
mented and may involve the use of perineal or
vaginal biofeedback. Initially, the OAPF will have
a high resting tone and will be weak in its short
ened range. Therapy aims to retrain resting
muscle tension by bringing muscle tension to a
conscious level.Biofeedback is particularly useful
for enhancing this awareness ." Women may use

Box #3
Point-form treatment ofpelvic pain patient with
coexisting shortened pelvic floor

• patient education and counseling
• lifestyle and physical stress reduction

techniques
• postural correction to rectify imbalances

generated by pain-protective postures
• spinal and pelvic mobilization to address

any secondary limitations in range of move
ment at hips, spinal or pelvic joints

• general exercise regimen to combat physio
logical de-conditioning

• specific PFM awareness and relaxation
training (+/- surface biofeedback)

• deep friction or myofascial techniquesl
trigger point pressure

• active and passive stretching of PFM with
emphasis on achieving descent postcon
traction and restoring pain-free range of
movement

• heat/NMES
• home program of PFMawareness and active

relaxation
• strength training to regain normal contrac

tile capability
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home EMG biofeedback or neuromuscular elec
trical stimulation to train proprioception and
functional recruitment, respectively, in the pelvic
floor rehabilitation phase.

A home program of PFM exercise should
not be given until the muscle has resumed its
normal length-tension ability. PFM exercise can
be accompanied by bladder tra ining, bowel man
agement, and defecation techniques to address
associated symptoms. Other techniques that
promote general body relaxation, such as focused
breathing, ambient environment, visualization,
and progressive active relaxation, are helpful for
the woman with OAPF.29
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4.8
Anal Incontinence and Evacuation Difficulties
Christine Norton

Key Messages

o Treatment often involves several conservative
components tailored to the patient's needs.

o Patients often benefit from education about
normal bowel function and what has gone
wrong in their case.

o Ifpossible, establish a consistent bowel pattern
with complete evacuation at the same time each
day, preferably after meals.

o Proper diet, fluids, and physical activity faci
litate normal stool consistency and bowel
habits.

o Evacuation tra ining addresses regular habit,
posture, breathing, pushing without straining,
relaxing the back passage, and avoiding
laxatives.

o Pelvic floor muscle retraining, bowel retrain
ing, and biofeedback can improve bowel
control.

Introduction

Many pat ients with fecal incontinence (FI), anal
incontinence (AI),which includes loss of flatus or
mucus, or evacuation difficulties can be helped
by conservative measures.f This often involves
several different elements, rather than a single
definitive intervention, and in clinical practice it
makes sense to combine approaches in a retrain
ing program to maximize patient benefit. Uncom
plicated mild-to-moderate constipation will often
respond to simple measures, such as a regular
habit, increasing fiber and fluid intake, and

getting more exercise, which should always be
tried first. Anal incontinence will likewise often
improve with attention to diet, bowel habits, and
some retraining and exercises.

Patient Education

Bowels are a mystery to most members of the
public . From the time of mastery of control until
things go wrong, most people think little about
their bowels - like any other skill which has
become "incorporated," the body functions on a
semiautomatic level, and little conscious thought
goes into either holding on when an urge or gas
is felt, or into evacuating once sitting in the
correct position. This can make it very difficult
to regain control if FI or evacuation difficulties
develop. Patients often benefit from education
about normal bowel function and learning why it
has gone wrong in their individual case. This can
be achieved verbally, by using diagrams or
models, or through written information (www.
bowelcontrol.org.ukj.l" Often, a combination of
methods, tailored to each person's needs, will
enable the best understanding.

Bowel Routine

If it is possible to establish a predictable bowel
pattern, with complete evacuation at the same
time each day, then most bowel problems are
much more manageable. For most people, the
bowel is relatively inactive while asleep and
maximum motility occurs in the first few hours
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after getting up in the morning. Motility is
enhanced by stimulating the gastrocolic response
by eating and drinking at breakfast. Approxi
mately 20-30 minutes after eating is the most
likely time for mass movements in the colon to
result in propulsive waves of peristalsis, deliver
ing a bolus of stool to the rectum. Unfortunately,
with modern life styles, this is often the time of
day when we are traveling to work or taking the
children to school. If the urge to defecate is
ignored, stool may be propelled away from the
anus by retrograde peristalsis. If this is done
repeatedly, the stool becomes harder as more
water is absorbed through the colonic mucosa
and the urge will fade and even disappear. Delib
erately ignoring the call to stool slows colonic
transit," and many constipated people report that
they never feelan urge, possibly a result of a long
term habit of ignoring this sensation.

This is why patients are advised very strongly
to make time for breakfast and their bowels in
the morning, even if this involves getting up 30
minutes earlier or adjusting their morning
routine. There is no evidence that it matters what
is eaten and drinking any type of fluid seems to
be almost as effective as drinking caffeine in
stimulating motility/

Patients are instructed to eat something,
consume two drinks, and then attempt to use the
toilet 20-30 minutes later, allowing 5-10 minutes
of uninterrupted privacy for this, every day at the
same time ifit is at all feasible. Ifthis provesimpos
sible, an evening routine may be substituted.

Physical Activity, Diet, and Fluids

Exercise is often recommended as a means of
promoting a regular bowel habit with complete
evacuation, as it increases propulsive activity in
the colon." The epidemiological literature is con
sistent in showing less constipation in people
who report that they exercise."Excessiveexercise
can even cause diarrhea. However, there have
been no studies evaluating the efficacyof increas
ing exercise in people with long-standing or
severe constipation."

Clinically, patients with slow-transit constipa
tion often report less discomfort and bloating
when they reduce, rather than increase, the fiber
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content of their diet. If transit is slow, adding
fiber, particularly unrefined wheat bran, will
simply add to what is sitting in the colon and is
unlikely to promote peristalsis. More soluble
forms of fiber, such as in fruit and vegetables,
may be better tolerated. It is certainly worth it for
each person to experiment, as some people seem
to have an intolerance, and to find that their con
stipation worsens with certain food groups or
combinations. It is unwise to restrict whole food
groups in the long term without good dietary
advice, as deficiencies can develop.

Standard advice for constipated people is to
drink more, and this may work well if the patient
is clinically dehydrated and the body is trying to
preserve fluid by increasing colonic fluid uptake .
However, if already adequately hydrated, drink
ing more will simply cause increased urine, not
stool, production. Drinking fluids may have a
limited effect on motility via the gastrocolic
response, but it will not generally soften the
stool."

People with incontinence are more prone to
leakage or accidents if the stool is soft or loose,
and many people modify their diets considerably
in an attempt to avoid FL In these cases, the goal
is to keep the stool formed, while avoiding hard
stool or constipation. Diet has a major role in
this. Some patients need more fiber to bind stool
together, and adding supplements such as psyl
lium or gum arabic to the diet has been found to
improve FLU Others achieve a firm stool by
restricting their fiber intake.

Evacuation Training

Patients with both slow transit constipation and
evacuation difficulties respond equally well to
retraining techniques, often described in the lit
erature as "biofeedback," whether or not feed
back equipment is utilized. " Table 4.8.1 gives an
example of the basic instructions given to patients
on evacuation technique. The elements are out
lined for all patients, but with different emphasis ,
depending on the presenting problems and find
ings on assessment. Patients are advised that ,
although each element sounds simple, putting it
all together takes time, practice, and determina
tion. Routine and daily practice is emphasized.
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TABLE 4.8.1. An example ofthe basic instructionsgiven to patientson evacuation technique

Getting intoa RegularHabit
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• Most people'sbowels respond best toa regular habit. Some ofusaretoobusyto make time fo rourbowels. Others livea very irregular lifestyle,
which makes a habit difficult.

• Thebowel usually goes tosleep at night and wa kes upinthemorning. Eating, drinking, andmoving around all stimulate thebowel. The most
likelytime for a bowel action is about 30minutes after thefirst meal of theday.

• This makes it important nottoskipbreakfast. Try toeatsomething for breakfast and have two warm drinks.Tryto make S-10minutes offree
uninterrupted timeabout 30minutes later.This isnot always easy if your house isbusy inthemorning, soyou may need to plan ahead orgetupa
littleearlierwhile you retrain you bowel.

Sitting Properly

• The way you sitonthetoilet can make a bigdifference toease ofopening your bowels. The "natural"position (before toilets were invented) is
squatting. Countries wheresquat (hole inthefloor) toilets arestill common seem to have fewerproblems with constipation.

• Whereas actually squatting is not very practical. many people find thatadopting a 'semisquat" position helps a lot. One ofthefootstoolsthat
toddlers use to reach a sink isideal, 8-12inches high (20-30 em). Position this justinfront ofyour toilet and rest your feet flat onthestool,
keeping your feetand knees about 1foot (30cm)apart. leanforward, resting your elbows onyour thighs. Try to relax.

Breathing

• Itisimportant not to hold your breath when trying toopen your bowels. Many people aretempted totake adeep breath inand then hold their
breath while trying to push. Try toavoid this. Sit onthetoilet asdescribed above, relax your shoulders, and breathe normally. You may find it
easiest tobreathe inthrough your nose and outthrough yourmouth.

• If you hold your breath and push, this is STRAINING, which tends toclose your bottom more tightly. Also, when youholdyour breath, you are
limited inhow long you can hold this, and when you have totake thepressure offand breathe you areback at square one.

• If you find thatyou cannot help straining and holding your breath, trybreathing outgently orhumming orrecitinga nursery rhyme.

Pushing Without Straining

• The bestway toopen yourbowels is by using yourabdominal (stomach) muscles to push. leaning forward, supporting yourelbows onyour
thighs andbreathing gently, relaxyourshoulders. Make your abdominal muscles bulge outwards to"make your waist wide: Now, use these
abdominal muscles asa pump to push backwards and downwards into your bottom. Keep upthegentle butfirm pressure.

Relaxing theBack Passage

• The final partofthejigsaw is torelax theback passage. Many people with constipation actually tighten theback passage when they aretrying to
open thebowels, instead ofrelaxing, without realizing what they aredoing. This islike squeezing a tubeoftoothpaste while keeping thelid on!

• To locate themuscles around theback passage, first squeeze asifyou aretrying tocontrol wind.
• Now imagine thatthemuscle around theanus isa lift. Squeeze totake your lift uptothefirst floor. Now relax, down totheground floor, down to

thebasement, down tothecella r.

Putting itall Together

Thisisa bitlike learning to ridea bike. The above instructions tell you WHAT todo, butdonottell you HOW todoit.Itsounds simple, but
coordinating everything takes practice, and you have towork itoutfor yourself. Some people find iteasier than others.
• Sit properly
• Breathe normally
• Push from your waist downwards
• Relax theback passage
Keep thisupfor about 5 minutes, unless you have a bowel action sooner. If nothing happens, don't give up.Try again tomorrow. Itoften takes
several weeks ofpractice until thisreally starts towork.

Posture

For some patients, posture on the toilet seems to
be very important, and evacuation difficulty is
largely resolved by adopting a "sernisquat"
posture, with feet raised on a 20-30 -cm-high
footstool placed in front of the toilet. Patients are
instructed to lean forward with the feet apart and

support the elbows on the knees, allowing
the abdominal muscles to relax between the
knees.

Balloon Expulsion Training

If the patient has difficulty grasping the correct
technique, balloon expulsion can be used to teach
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the coordination of pushing. A rectal balloon,
filled with approximately 50ml of air or water,
has been found useful when teaching correct
technique.' Placed just inside the rectum near the
anal margin, this can give the patient the sensa
tion of rectal fullness or the urge to defecate and,
if pushing correctly, they experience the proprio
ception of stool moving in the right direction in
response to pushing. If technique is good, the
balloon may actually be expelled . Byholding the
end of the balloon just outside the anus, the ther
apist can assess whether propulsive effort is
effective and improving.

Success Rates
Studies report that 50-80% of patients are
improved with these techniques. ' Patients may
have unrealistic expectations, and it is important
to dispel myths about the necessity to have a
bowel movement every day. A more appropriate
goal is that evacuation will be comfortable and
without straining. Patients with a symptomatic
rectocele or intraanal intussusception often
achieve moderate symptom relief, and some
symptoms even resolve completely.

TABLE 4.8.2. Laxatives and evacuants and their uses
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Laxatives

Many authors have recommended allowing
no oral laxatives (prescribed or self-purchased)
during the retraining period, even if previous
doses were high and dependence is long stand
ing.! The exception is in patients with neurologi
cal disorders and children, who may need 6-12
months of regular laxatives to establish a regular
bowel habit. " Many patients are frightened by the
prospect of coming off laxatives. However, if the
purpose is to get the bowel functioning normally
again then this habit must be broken. Clinical
experience suggests that it is better to stop laxa
tives completely than to attempt a gradual
weaning. ! Glycerin suppositories may be used as
a rescue if no stool has been passed for five days.
Often, abdominal discomfort and bloating are
improved simply by stopping the use oflaxatives,
as these can be side effects of the medication
rather than a result of the constipation.

Some patients fail the retraining program and
may need to use laxatives long-term. The logical
laxative is a stimulant for slow transit constipa
tion and a softener for evacuat ion difficulties.
Table 4.8.2 gives a summary of laxative classes.

Class Examples Mainuse Notes

Bulking agents Ispaghula
Sterculia
Methylcellulose

Osmotic laxatives Magnesium salts
Lactulose
Macrogols

Stimulant laxatives Bisacodyl
Senna
Sodium picosulfate
Docusate sodium
Danthron (terminal illness only)

Rectal agents Glycerol suppositories

Bisacodyl suppositories

Tap water enemas

Microenemas (e.g. sodium citrate)
Phosphate enemas

Stool softening when diet
nottolerated

Can adjust dose to produce
desired stool consistency

Stimulate peristalsisin slow
transit constipation

To initiate defecation orto
evacuate completely

Stimulant, toinitiate defecation
ifglycerol does not work

Can uselow volume to
initiateorhigher
volume to irrigate

Stimulate rectal contraction
When micro enemas are

ineffective

Introduce slowly and withadequate flu idintake.
May cause bloating and discomfort.
Avoid ifpatient isseverely constipated or

impacted.
Can take several days towork.
Often work in8-12hours.
Can cause bloating (especially lactulose) .
Macrogols can also beused for disimpaction.
Often work in12-24 hours.
Can cause abdominal cramping.
No evidence ofharm with long-term use, but

may cause discolouration ofcolonic mucosa
(melanosiscoli).

Often work within 5-20 minutes.
Can bemore predictable andcontrollable than

oral preparations.
Not acceptable toall patients.
Patients with disabilities may find them

difficultto use independently.
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Unfortunately, there is very little research on
which laxative is best , and there is really no sub
stitute at present for trial and error to find the
best preparation (most effect with least inconve
nience/side-effects) for each individual. Almost
all oral laxatives seem to become less effective
with time, so dependence on a single preparation
is best avoided . Rotating a few effective prepara
tions and keeping doses as infrequent and low as
possible is important for long-term users, as is
maximizing the use of nondrug interventions,
such as diet and habit. Some patients find rectal
evacuants more predictable in the timing of effect
and, thus, more convenient.

Exercises for Anal Incontinence

Pelvic floor muscle retraining is widely used for
treatment of AI. Yet, there is no consensus about
the optimum frequency or intensity for an exer
cise program. Indeed, there are very few reports
of exercises being used without the additional use
of biofeedback.l' :" In clinical practice, exercise
instructions are very similar to those given for
urinary incontinence. Patient instructions are
available at www.bowelcontrol.org.uk. One study
found no additional benefit of exercises, over that
which was gained from advice, information, and
deferment techniques. " However, other studies
have shown benefit, with women performing
exercises for urinary incontinence after child
birth reporting much less AI at 12 months
postpartum."

Bowel Retraining

Patients with urgency will often benefit from an
urge resistance program akin to bladder retrain
ing for urge urinary incontinence. It may only
take a single episode of major FI in public to set up
avicious circle ofanxiety, which stimulates colonic
peristalsis, leading to urgency, which engenders
panic, and a flight to the toilet with an accident
on the way. Hypersensitivity to rectal contents
becomes a self-protective mechanism with con
stant monitoring of sensation. Any arrival of stool
or gas results in a sensation of urgency and
running to the toilet "just in case." This cycle can
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be broken, but it requires considerable effort and
may take several months. It can be helped by rectal
balloon distension to help re-learn that the urge
will wear off if resisted, or by loperamide to
dampen motility (see next section).

Medication for Fecal Incontinence

The aim of medication for AI is to firm the stool,
making it less likely to leak, and to slow gut
motility. Loperamide is the drug of first choice
for this as it has a rapid onset of action and is safe
in a range of doses. ' Up to 16mg per day is com
monly used, and is adjusted to achieve the desired
formed, but not hard, stool. Syrup formulation is
available if tablets are too constipating. This
allows for the accurate adjustment of dose to
individual needs. It is most effective if taken
about 30 minutes before eating, as it also dampens
the gastrocolic response. Development of side
effects, tolerance, or addiction is unusual with
loperamide. Codeine phosphate is an alternative,
but can be associated with drowsiness and even
tual addiction. Early work with alpha-adrenergic
stimulants to raise anal resting pressure has not
so far lived up to early promise of clinical
efficacy.IS

Biofeedback for Anal Incontinence
and Constipation

Biofeedback is often cited as the management of
first choice for AI.I9 However, unlike the litera
ture on urinary incontinence, in the colorectal
and gastrointestinal literature, several different
interventions and complex packages of care have
been grouped under the term "biofeedback."
Therefore, when reading the literature on success
rates it is crucial to determine what intervention
was actually used in the name of "biofeedback."

As originally described, biofeedback was used
to enhance rectal sensitivity to distension." By
using a rectal balloon, filling it to the threshold
of sensation, and then attempting to "teach" the
patient to detect smaller and smaller volumes,
it was intended to enable the patient to detect
rectal contents sooner. Patients were then taught
to respond appropriately to resist the urge to
defecate by squeezing the anal sphincter to resist
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the drop in anal pressure with rectal distension
(the rectoanal inhibitory reflex). This technique
remains the most commonly used in the USA,
particularly in gastroenterology settings. The
same equipment, or a simpler manometric or
EMG anal probe or surface electrodes can be
used to teach anal sphincter exercises and to give
the patient feedback about the progress of muscle
training.

Biofeedback for evacuation difficulties usually
involves displaying sphincter activity and train
ing relaxation to coordinate with pushing.

Does Biofeedback Make a Difference?

Clinical series have almost always reported posi
tive results using biofeedback for AI or consti
pation, with two-thirds of patients reporting
improvement ofFI. 14

,21 There is also evidence that
certain neurological patients (e.g., spina bifida,
multiple sclerosis) can benefit from retraining
techniques.f-" Some have reported a differential
response between constipation and FI, whereas
others have found good responses in both. Useful
clinical changes do not necessarily depend on
changes in the physiological parameter being
"trained,'?' Improved bowel function has been
found to be associated with a measurable im
provement in autonomic gut function."

There is a small but growing body of evidence
from controlled studies that the biofeedback may
not be the crucial element, with equally good
results obtained from well-supervised conven
tional management in children and adults. 16

,26- 28

It has been shown that a computer display of
sphincter EMG does not enhance the response of
constipated patients when compared with balloon
expulsion in the absence of visual feedback."
This does not mean that biofeedback techniques
are not helpful with individual patients, but it
does mean that it is very feasible to set up a
service for these patients without major capital
investment.

Electrical Stimulation

Electrical stimulation could in theory be helpful
for improving striated muscle function, improv
ing sensory function and ability to exercise the
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correct muscle, and/or inhibiting unwanted
rectal motility. Anal electrical stimulation has
been reported as helpful in a few case series, but
was not helpful in others. In the absence of good
randomized studies, it is impossible to determine
if this is likely to be useful.30

Conclusion

Conservative management for AI and constipa
tion often yields clinically useful improvement.
However, it is not clear which elements are most
effective for which patients, and more research is
needed to refine techniques.

Cases

Patient 1:Ms. JD

26-year-old officeworker with a history of severe
constipation, which she reports started when
she left home at age 16,after prolonged disputes
with her parents. Onset probably coincided with
chaotic lifestyle and erratic eating habits, but
symptoms persist now despite a settled lifestyle
and a happy relationship with a supportive
partner. Opens her bowels once in 10-14 days by
taking large doses of sodium picosulphate, with
excessive straining and bloating. Hard pellet
stool with bright red bleeding.

Assessment

An intelligent, motivated patient with no other
health concerns, no medications, a balanced diet,
good fluid intake and a reasonable level of exer
cise. Transit study showed slow colonic transit on
all 3 marker sets. Digital examination was
normal. Attempted balloon expulsion showed no
paradoxical anal contraction, but no relaxation
and poor propulsive effort with straining
(Valsalva).

Intervention

Intervention included detailed patient education,
demonstration of good evacuation posture and
technique while breathing, and a daily routine
(Table 4.8.1). All laxatives were stopped and glyc
erine suppositories allowed only if no stool was
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produced in 5 days. She was advised that symp
toms might worsen initially, but the importance
of retraining the bowel to act without laxatives
was stressed.

Outcome

After 5 monthly sessions of advice, encourage
ment, and repeat balloon expulsion at sessions 2
and 3, she was opening her bowels once in 3-4
days with less effort, no laxatives, and no bleed
ing. She was content with this outcome.

Patient 2:Mrs. SF

A 56-year-old woman with constipation, which
she felt had started after her abdominal hysterec
tomy 9 years previously. This changed 18months
ago, and she developed frequency, with some
bleeding and FI. Mrs. SF is obese (BMI 32), has
type 2 diabetes, and eats a nutritionally poor diet .
She also reports stress urinary incontinence. She
currently opens her bowels 2-4 times per day to
a variable stool consistency with urgency, rare
urge FI, and soiling most days. Evacuation is
sometimes easy, but she often has to strain and
has a feeling of incomplete evacuation. In the past
she has had 3 vaginal deliveries; the largest baby
was 4.2kg and was delivered using forceps.

Assessment

In view of her change in bowel habit, a full colo
noscopy was ordered, which was normal. Anal
ultrasound showed intact, but atrophic, anal
sphincters. Manometry showed reduced resting
and squeeze anal pressures and slightly blunted
anorectal sensation. Proctogram showed a large
(4em) rectocele, which did, however, empty
completely. There was major pelvic floor descent
with evacuation . Digital examination found
inability to localize anal squeeze and rapid
fatigue. Inspection revealed no obvious atrophic
vaginitis.

Intervention

A combination of anal sphincter exercises to
address perineal descent and sphincter weak
ness, urge resistance training to combat urgency,
with evacuation training and advice to try gentle
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digital vaginal pressure to assist complete empty
ing of the rectocele. Detailed advice was also
given on diet and avoidance of artificial sweeten
ers and caffeine, and she was encouraged to join
a weight reduction and exercise class. Her family
doctor was contacted and her diabetic oral medi
cation was changed to one less likely to cause
loose stool. She initially found the program chal
lenging and was seen twice weekly to help main
tain motivation. This was increased to monthly
visits once she was progressing.

Outcome

After a total of 6 sessions she was improved, but
symptoms were still troublesome. She was
referred to a counselor to address apparent
depressive symptoms and motivation with weight
loss and exercise. Another 6 months later she
was still making progress and had lost weight,
seeming a lot more confident. At this point, home
anal electrical stimulation (35Hz, 20 minutes
daily) was added and, after 4 months, she was
fully continent.
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4.9
Incontinence During Sports and
Fitness Activities
Alain P. Bourcier

Key Messages

• Pelvic floor disorders are a significant problem
for women who exercise, especially those
involved in high impact sports

• Recommendations for exercise incontinence
include vaginal devices and pelvic floor muscle
(PFM) training, with emphasis on PFM precon
traction (perineal blockage) to prevent urethral
descent and leakage during exertion

• Techniques of biofeedback include training in
different positions, simulation of daily activi
ties, and PFM practice while performing real
physical activities

• The goal is to provoke a reflex PFM contraction
in response to physical stress

Introduction

Pelvic floor disorders are widely regarded as
problems affecting older, postmenopausal, mul
tiparous women. Many do not realize that it is
also a significant problem for female exercisers of
all ages. The prevalence of urinary stress incon
tinence in young female athletes and women who
exercise ranges from 8% to 47%.1-6 Physically
active women are more likely than sedentary
women to experience incontinence,' and the
problem is most common in high-impact sports.
Because stress incontinence occurs during physi
cal exertion, this condition represents a major
problem for females participating in fitness or
sports activities.

Etiology

Repeated increases in intraabdominal pressure
on the pelvic floor structures may overload and
weaken pelvic floor muscles (PFM) over time and
lead to loss of support to the bladder neck
and urethra. Fatigue of the PFMs might be the
reason why women with symptoms of stress
incontinence often describe that leakage starts
only after several incidents, such as repetitive
jumps, indicating that the continence control
system weakens after repetitive stresses.

In add ition to this mechanical aspect, a com
bination of weak connective tissue and/or partial
pudendal denervation may worsen the problem."
It has also been suggested that chronic repetition
of intraabdominal pressure may damage the car
dinal and uterosacral ligaments and connective
tissue, as well as neuromuscular structures,
resulting in loss of neural control and weakness
of the PFM.8

High-impact movements result in impact
forces up to 3 or 4 times a person's body weight .
Investigators have found that the flexibility of the
foot arches in incontinent athletes was signifi
cantly lower than in the continent athletes," indi
cating that the way in which impact forces are
absorbed may be another etiological factor.

Pelvic Floor Rehabilitation

For female athletes with "exercise incontinence,"
recommendations include vaginal devices - either
tampons or pessaries - to elevate the bladder
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neck and help avoid leakage during activity. But
even those who use such devices should also do
PFM exercises, which can dramatically relieve
the problem.

Most rehabilitation programs teach women to
contract PFMs before and during increased
intraabdominal pressure, particularlywith stren
uous effort." This technique is called the "stress
strategy," "the perineal blockage before stress
technique," or "the Knack." Aquick, strong, well
timed PFMcontraction can compress the urethra
(increasing urethral pressure), prevent urethral
descent, and prevent leakage during an abrupt or
sustained increase in intraabdominal pressure.
Eventually, women will be conscious of a con
stant contraction of the levator ani and can use
the technique of perineal blockage before physi
cal stress. PFM strength and control are also

A.P. Bourcier

important in the control of urge incontinence
associated with sports." (See Chapter 4.6).

Techniques ofBiofeedback

Urinary stress incontinence and pelvic organ
prolapse are primarilyrelated to the erect posture.
In the vertical position, the urethra leaves the
bladder at the point of maximum combined
intraabdominal pressure and gravity force.
Intraabdominal pressure in the standing posi
tion is two or three times greater than that in the
supine position. One technique of applied bio
feedback uses electromyography (EMG) of the
levator ani combined with synergistic and antag
onistic muscle activity in a standing position
(Fig.4.9.1). The method consists of teaching PFM

FIGURE 4.9.1. Multichannel system used for biofeedbock (Laborie Inc.) Different vaginal probes are available for easy insertion and
possibility ofstanding position for pelvic floor muscle training program.
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contraction during the abrupt increasing intraab
dominal pressure that occurs during standing
and exercising."

Equipment is used that allows women to
assume different positions as they learn to use
the PFM.10•

12 The trainer helps women change
their responses by establishing targets and
assisting them to develop new habits and modify
their physical activities. The simulation of
daily activities is a very important stage, in
which selected "home stresses" or physical
task are used to access the woman's ability
to perform a real-life activity. The woman is
asked to perform various tasks, very similar to
domestic activities, such as carrying a baby
basket or lifting items from the floor. In general,
one should start with easy tasks and progres
sivelymake the activities more difficult and more
functional.

Successful recovery of the ability to perform
daily activities without incontinence is most
likely to occur when the PFM strength is com
bined with a refined control of the functional
activity. For this purpose, equipment, such as
a video monitor connected to a computerized
unit, is used to monitor EMG activity of muscle
groups (Fig. 4.9.2}.5 It is optimal for women to
be standing when they perform these exercises,
but if the woman has some difficulty in per
forming the exercises, it is suggested that she
practice in different positions, such as lying and
sitting.

Sportswomen should use a treadmill, which
provides an opportunity to combine speed and
endurance. The underlying concept is that the
circumstances and precipitants of incontinence
must be taken into account during treatment ses
sions to provoke a reflex PFM contraction in
response to physical stress. Accuracy of speed
(from 2.5mph to 6mph) and slope (from 5%
to 12%) is assumed for a precisely controlled
workout. The introduction of the treadmill or
other sports equipment into the program for
sportswomen is one way to allow the woman to
perform real physical activities in a medical envi
ronment. Recently, another technique has been
introduced with telemetry (wireless biofeedback),
in which the infrared connection allows more
freedom for the woman while practicing different
physical activities.
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FIGURE 4.9.2. Applied biofeedback during exercises. A short
vaginal sensor and electrodes wire set forabdominal muscles are
used forthe exercise program. The woman practices theperineal
blockage technique while performing movement.

Conclusion

Stress incontinence is surprisingly high in groups
of physically active women. More research is
needed to clearly understand how impact from
different exercises affects pelvic organs and
PFMs. Based on current knowledge, specific PFM
training programs are recommended as the first
choice of treatment. The perineal blockage tech
nique is a very adjunctive modality and can be
proposed for active women.
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4.10
Pelvic Organ Prolapse - Pessary Treatment
Jane A. Schulz and Elena Kwon

Key Message

Pessary treatment of prolapse is one of the oldest
remedies in medicine and is an important con
servative treatment that is particularly valuable
for the physically frail. Pessaries can be used for
diagnosis and treatment of prolapse, for voiding
dysfunction and urinary incontinence and for
the management of incontinence or retention
during pregnancy. The guidelines for pessaries
and the role of the woman in taking care of her
pessary is emphasized. The main types of pessary
and the specific indications are reviewed - choice
will depend on the type of prolapse and the
vaginal anatomy. The success rate and the com
plications and their management are outlined.
The role of pelvic floor exercises and supportive
garments are reviewed. The importance of future
randomized control trials and establishment of
clinical guidelines is emphasized.

Introduction

The lifetime risk for pelvic organ prolapse (POP)
or incontinence surgery for a female by the age of
80 years old is 11.1%. Up to 30% of women will
require repeat prolapse surgery, and up to 10%of
women will require repeat continence surgery.I

Treatment of prolapse depends on several factors,
including the patient's wishes for management,
the severity of prolapse and its symptoms, the
woman's general health, and whether childbear
ing is completed. In the past, conservative treat
ment of prolapse has been reserved for those with

mild prolapse, those who are too frail or unwill
ing to have surgical management, or for those
who wish to have more children. However,
because evidence indicates that we still do not
have good durability of prolapse repairs, and
with women living longer, conservative manage
ment options must be considered for all as a
method of treatment.

Historical Perspective

Mechanical devices as a conservative manage
ment tool for POP have been used for many cen
turies. They were described as far back as the
time of Hippocrates. Multiple variations have
been described, such as pomegranates, bone, sea
sponges, and various external braces (see Fig.
4.10.1). Other conservative methods included
repositioning of the prolapse, leg binding, douch
ing, herbal remedies, and the use of leeches.

Pessaries gained popularity in the 1800s for
the management of uterine retroversion. All were
precursors to our current pessaries and were
used very frequently because of the high surgical
morbidity and mortality. However,with advances
in anesthesia and surgical techniques, they fell
out of favor. More recently, with newer pessaries,
and a wide range of styles, the longer lifespan of
women, and the realization of the impermanence
of surgery, mechanical devices for POP are expe
riencing a rebirth in popularity of use.2

Research in this area is still lacking. The recent
Cochrane review of mechanical devices for POP
in women found no eligible, completed, published
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FIGURE 4.10.1. Cup and stem pessary with belt. (Source: Repro
duced with permission from Milex Products Inc., Chicago,
Illinois.)

or unpublished randomized controlled studies;
therefore, no data collection or analysis was
possible.'

Types ofPelvic Organ Prolapse
and Evaluation

Conservative Management Options for POP

Pessaries

An extensive range of mechanical devices has
been described for the management of pelvic
floor disorders, and they are listed in Chapter 3.4.
Because these devices are often underutilized,
they are covered separately in this chapter, where
we will consider their use for specific indications
of POP. These mechanical devices consist mainly
of pessaries. Pessaries are primarily made of
medical grade silicone covering surgical steel.
The advantages of silicone are that it has a longer
lifespan for use, it can be autoclaved, it does not
absorb odors or secretions, and it is an inert
material. Pessaries come in a wide range of shapes
and sizes (Fig. 4.1O.2). They may be used to
prevent prolapse from becoming worse, to
decrease the frequency or severity of symptoms
of prolapse, and to avert or delay surgical man-
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agement. Pessaries can also be used as a diagnos
tic tool. Examples of their use for diagnosis
include whether pessary insertion corrects the
patient's symptoms of prolapse, and whether
associated symptoms such as voiding dysfunc
tion and urinary incontinence are corrected by
pessary insertion. Pessaries are believed to work
by creating an artificial shelf of levator support
to reduce the prolapse. Incontinence pessaries
also work by elevating the bladder neck back to
the normal anatomic position, and by some
degree of obstructive effect on the urethra.' Pes
saries need to be fitted by a health care profes
sional. A nurse-run clinic for pessary fitting
is a good option as a time- and cost-saving
measure.'

Indications for Pessary Fitting

Pessaries can be used for all types and all stages
of POP.Pessaries can also be used for stress, urge,
mixed, and overflow urinary incontinence.
Although, historically, incontinence type pessa-

FIGURE 4.10.2. Milex pessaries. (Source: Reproduced with per
mission from Milex Products Inc.,Chicago, Illinois.)
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ries have been used for stress urinary inconti
nence, there have been reports of success with
urge incontinence in 64-67% of patients." Pes
saries have been used for the diagnosis and man
agement of latent stress urinary incontinence,"
Hextall et al. found stress incontinence was
unmasked in 27% of women in their unit with
prolapse that were being investigated with uro
dynamics." The use of a pessary before surgery is
also useful to predict whether women will achieve
relief of their prolapse symptoms, and whether
urinary symptoms, such as urgency and voiding
dysfunction, will resolve." Pessaries are a valu 
able tool for the management of the pregnant
woman who has urinary incontinence, POP, or
urinary retention secondary to uterine retrover
sion or incarceration. In pregnancy, the size of
the pessary may have to be changed with advanc
ing gestation. Hodge pessaries work best for
uterine incarceration with associated voiding
dysfunction. Once the pregnant uterus moves up
out of the pelvis in the second trimester, symp
toms often improve.

There are few contraindications to pessary
fitting. Active infections of the pelvis or vagina,
such as vaginitis or pelvic inflammatory disease,
preclude the use of a pessary until the infection
has resolved. Allergies to the pessary are very
uncommon, especially since now most are made
of silicone. However, any allergic response to a
vaginal pessary would be a contraindication to
fitting. The only other caution is with patients
who are not likely to be compliant with pessary
care and follow-up; these patients should not be
fitted with a device ."

Guidelines for Pessary Fitting

An adequate amount of time should be allotted
for pessary fitting. A clinical setting in a nurse
run pessary clinic is ideal. In postmenopausal
women, pretreatment with local estrogen therapy
for at least 6 weeks is helpful to optimize success
ful fitting. ' A postvoid residual should be checked
before pessary fitting, as pessaries can cause
obstruction of urinary flow. To fit a pessary, size
the vaginal vault by examining the vagina with
two fingers. Start with a covered ring pessary, or
the appropriate design for the diagnosis. The
pessary should be lubricated on the end and then
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inserted and tilted up behind the pubic symphy
sis (Fig. 4.1O.3). Afingerbreadth should fit between
the pessary and the vaginal mucosa. Once the
pessary has been fitted, the patient should walk
around and exercise in the clinic to ensure it will
not immediately fall out. It is necessary to ensure
that patients are able to void and are given appro
priate education before leaving the clinic with
their new pessary. If possible, patients should
be taught to remove, clean, and replace their
pessaries themselves. If pessaries are difficult to
remove, fishing wire or dental floss may be
attached to the pessary to aid in removal. There
are few guidelines for pessary removal and clean
ing, and the recommendations that do exist are
variable. Current Canadian practice advises any
woman who is able to remove her own pessary to
remove, wash, and replace it once per week. The
patient is advised to wash the pessary in soap and
warm water. If she cannot remove her pessary,
she should have it removed, cleaned, and replaced
every 3 months by a health care professional.'
Similar guidelines are followed by family physi
cians and gynecologists." :" Women may have
intercourse with their pessary in place; however,
many elect to remove it .

FIGURE 4.10.3. Pessary fitting. (Source: Reproduced with permis
sion from Milex Products Inc., Chicago, Illinois.)



274

Proper pessary fitting may require trials of
several styles and sizes. Difficulty with pessary
fitting may arise if there is a large posterior wall
defect, poor perineal body support, or a short
ened vagina." Many pessaries rely on good peri
neal support to remain in place. Patients that
have had prior radiation or multiple pelvic sur
geries may also encounter difficulties with
pessary fitting because of a scarred or shortened
vagina.":" Peri- or postmenopausal women with
significant vaginal atrophy may have significant
discomfort when pessary fitting is attempted. In
this situation, 4 to 6 weeks of local estrogen
therapy is often helpful to increase the success
rate of pessary fitting. "

Types ofPessaries

Ring pessaries are the most widely available and
most commonly used:" they are available in open
and covered forms . The covered ring pessary has
drainage holes to allow the vaginal secretions to
escape; it is useful in patients that still have a
uterus, to prevent the cervix from slipping
through the ring. Open and covered ring pessa
ries are best used in POPQ stage I and II pro
lapse ." The Shaatz pessary is a stiffer circular
pessary that is used when more support is
required for management of the prolapse. Shaatz
pessaries can be used if the rings fall out , or if
there is still protrusion of the prolapse beyond a
ring pessary. Doughnut pessaries are shaped like
their namesake; they are used for more signifi
cant uterine prolapse, especially if accompanied
by anterior and posterior wall descent. A varia
tion of the doughnut pessary is the Inflatoball;
this is made of latex and must be deflated daily
for removal and cleaning. The Inflatoball pessary
is used in patients with a narrow introitus but a
capacious upper vagina. The Regula is a newer
pessary for mild prolapse. Its unique bridge
shaped design helps to prevent expulsion."

The Gellhorn, or stem, pessary is indicated for
more advanced stage III or IV prolapse. It is often
useful in reducing a complete procidentia or
vaginal vault eversion. Like the other pessaries,
the Gellhorn creates an artificial levator shelf, but
also creates a suction to provide a little more
support. The stem helps to prevent the pessary
from shifting position. The Gellhorn is more dif-
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ficult to remove, and cannot be used if a patient
is sexually active, unless she is able to remove the
pessary herself. To remove the Gellhorn, the
suction must be broken at the dish of the device;
occasionally, a Kelly clamp is requ ired to pull on
the stem and assist with removal.

The cube or tandem cube pessaries are used
when other pessaries are unsuccessful, or when
there is very poor pelvic tone . They work using
suction to the vaginal walls, as all their sides are
concave. Older cube pessaries did not have drain
age holes and required daily removal and clean
ing. However, newer versions do have some
drainage holes that allow them to be left for up to
a week. There is a string attached to the cube
pessary; however, this is to assist with locating
the pessary and is not for traction for removal.

There are now a variety of lever pessaries that
are all modifications of Hodge's original design
from the 1860s.15 These include the Hodge, the
Smith-Hodge, the Risser, and the Gehrung. The
Hodge pessary has been used traditionally for
uterine retroversion and incompetent cervix.
Variations of this pessary are for variations in
pubic arch anatomy. Traditionally, the Gehrung
has been used for women with both a cystocele
and rectocele, although it is sometimes difficult
to keep this pessary in position."

Incontinence pessaries are variations on the
other forms of pessaries with an elevated knob to
support the bladder neck. There are incontinence
ring and dish pessaries, and now also inconti
nence versions of some of the lever pessaries. If a
patient with prolapse develops stress inconti
nence after being fit with one of the other styles
of pessaries, switching to an incontinence pessary
may address both problems.

Success Rates with Pessaries
The reported success rates for pessaries vary by
diagnosis. Vierhout reported a 63% subjective
improvement or cure rate with pessary use for
stress urinary incontinence." In a prospective
review by Clemons et al. of 100 women being
fitted for a pessary for POP, 73% had a 2-week
successful pessary-fitting trial. I? Of the group
that had successful pessary fitting, almost all had
complete resolution of their prolapse symptoms,
50% had improvement of their urinary symp-
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toms, and 92% were satisfied with their pessary.
Dissatisfaction with pessary fitting was associ
ated with occult stress incontinence.

In a retrospective review of 1,216 women in a
tertiary care gynecology unit, 86% of women
were able to be fit with pessaries, and of these 71%
were able to wear them successfully. Successful fit
was achieved in 83% of patients with uterine pro
lapse, 82% of patients with cystocele, 69% of
patients with vault prolapse/enterocele, and 66%
of patients with cystocele/rectocele."

There is some suggestion that the use of a
pessary may prevent the progression of POP.IS

However, there is still significant study required
in this area.

Pessary Complications

Overall pessary complications are uncommon
and affect less than 10% of patients.Y

Vaginal Discharge

Vaginal discharge is one of the more common
complaints with pessary fitting. With insertion of
a foreign body into the vagina, it is normal to see
an increase in the vaginal discharge, especially if
local estrogen treatment is also being used, such
as in the postmenopausal population. However,
if there is patient concern, or if there are other
symptoms such as foul smell, bleeding, or pruri
tis, the discharge should be investigated. A
vaginal examination and culture can be com
pleted. If there is a yeast infection or bacterial
vaginosis, the pessary should be left out for a
week while the appropriate antibiotic or antifun
gal treatment is used. Concern about recurrent
vaginal infections is a common patient concern.
However, this is unusual; in the postmenopausal
population this is best prevented with local estro
gen use. The use of Trimosan cream, which is
provided with the Milex pessaries, has been rec
ommended to help decrease the amount of odor
and discharge, although it has not been studied
in clinical trials.":":"

Vaginal Erosions

Erosions of the vaginal mucosa usually start as
an area of redness or abrasion where the pessary
is resting. They may present with vaginal bleed-
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ing or a change in discharge. If left untreated,
they may progress to ulcers. In patients with a
uterus still in place, other causes of abnormal
vaginal bleeding must be ruled out. These areas
may also become secondarily infected, leading to
further tissue breakdown. Erosions occur in 2%
to 8.9% of patients.v" They usually respond well
to local estrogen therapy; addition of an antibi
otic cream may also be required if secondary
infection has occurred. Diligent pessary care and
inspection of the vaginal tissues every 6 to 12
months helps to prevent erosions. Pessary size
may also have to be adjusted to prevent further
erosions from developing.

Fistulas

One of the keys to long-term pessary care is
ensuring that the patient takes adequate precau
tions to prevent the more serious complications.
Fistulas, although very rare, are among the most
serious complications of neglected pessaries."
They can be rectovaginal, vesicovaginal, or ure
throvaginal. An impacted pessary can develop
erosions that break down, or get infected, leading
eventually to fistula. It is very important that
pessaries are regularly removed, washed, and
replaced, and that the vagina inspected for any
signs of infection or erosion. In a cognitively
impaired patient, it is imperative that a caregiver
be committed to ensuring ongoing pessary care
and cleaning.

Pelvic Floor Physiotherapy

Pelvic floor prolapse is an anatomical defect
associated with functional changes. These may
include urinary incontinence (urge, stress, and
overflow), defecatory dysfunction, and pelvic
pressure. There is evidence that pelvic floor exer
cises are helpful for some of the resultant condi
tions and functional changes associated with
POP. These include pelvic floor exercises and
bladder retraining for urinary incontinence. i'r"

However, for the direct treatment of pelvic
floor prolapse as an anatomical defect, there is
little documentation regarding the effect of pelvic
floor physiotherapy." For mild prolapse there is
a perceived benefit," however, more severe pro
lapse is unlikely to be corrected by exercises
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alone. Defects such as stress urinary inconti
nence and POP have been associated with elec
tromyographic changes that may represent either
motor unit loss or failure of central activation,"
and this would certainly impact the potential
success of pelvic floor therapy for these condi
tions. Randomized clinical trials, and the estab 
lishment of clinical and referral guidelines, are
required in this area.

Fembrace26

For many centuries, conservative management of
POP relied primarily on the use of pessaries and
pelvic floor exercises. Since the marketing of a new
V-brace" support garment in NewYorkin the fall
of 2000, however, there exists an alternative for
POP symptom relief in patients who cannot use a
pessary for various reasons (Fig. 4.10.4). The V
brace' garment is a panty with a padded double
crotch and cross elastic straps that acts to reduce
the symptoms of pelvic organ prolapse by provid
ing support and pressure to the vaginal area. The
creators of the V-brace" garment suggest that
even women who use a pessary can alternate and
also use the V-brace" every other day when not
wearing the pessary, for ultimate relief of prolapse
symptoms. The garment is also recommended for

FIGURE 4.10.4. The Fembrace support device for pelvic organ
prolapse.
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reducing varicose veins on the vulva, as well as for
reducing hip, leg, or pelvic pain.

Other Alternatives

Other options include the use of tight bicycle
shorts as a perineal support in women that are
unable to fit a pessary and unable to have surgery.
Some women have used their contraceptive dia
phragms or tampons to attempt to reduce their
prolapse, or to provide relief for their urinary
incontinence. However, a common complaint of
women with moderate to severe prolapse is the
inability to retain a tampon. Desperate patients
that have come to our clinic have also described
the use of sticky tape across the vaginal opening.

Summary

Pelvic organ prolapse is a prevalent condition
that impacts quality oflife. As women live longer,
further research is needed to study conservative
options to treat prolapse. Pessaries are currently
the main conservative management tool.27 Other
options that exist include pelvic floor physiother
apy and the Fembrace support.
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5.1
Stress Urinary Incontinence:
Choice of Surgery
Stuart 1. Stanton

Key Messages

After an adequate trial of physiotherapy, surgery
should be offered, which may either be minimally
or majorly invasive. It is important to be aware of
the cure rates and complications, and an ade
quate follow-up is always needed to assess
these.

Introduction

When stress urinary incontinence, despite
conservative treatment, remains an intrusive
symptom, it is necessary to consider surgery. Pre 
operative urodynamic studies, including an MSU
for culture and sensitivity (Chapter 2.3.1), are
necessary to confirm the diagnosis and exclude
an overactive bladder and voiding. Cystometry
and uroflowmetry are the basic and most helpful
studies, which may be combined with video cys
tourethrography (radiological control - VCU) to
demonstrate urinary loss and any anatomical
abnormality (Chapter 2.1.6).

Surgical treatment may be classified as
follows:

1. Simple
- urethral bulking
- mid urethral tape

2. Complex
- colposuspension - open or laparoscopic
- sling
- artificial urinary sphincter
- urethral closure
- urethral diversion

Minimally Invasive Procedures

Bulking Agents

Urethral bulking agents (e.g, collagen, Uretex,
Zuidex, Macroplastique, and Durasphere) act
either by preventing premature bladder neck
opening or improving the urethral "seal." Their
success rate varies enormously - most clinicians
accept 70% as a subjective improvement and 50%
as an objective improvement, but only up to 1
year. '

Because of these rather indifferent results,
bulking agents are used as follows:

1. for mild SUI
2. as an adjunct to enhance the cure rate of con

tinence surgery
3. where child bearing is incomplete and a pro

cedure is needed at the moment
4. where other continence surgery is

contraindicated.

The procedure is simple and quick and can be
performed as a day case under local anesthetic
with or without sedation. Complications include
short-term voiding disorders, local (periurethral)
abscess formation, systemic allergic reaction
with collagen and particle migration (Teflon, sili
cone , and carbon-coated beads).

The bulking agent is conventionally injected at
the bladder neck , but recent studies have sug
gested bulking should be carried out more
distally. '
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Midurethral Tape

This innovative procedure was described by
Petros and Ulmsten in 19903 as the intravaginal
sling and was refined until it became commer
cially available as the tension-free vaginal tape in
199t: all subsequent tapes, whether retropubic or
transobturator, are derived from this work. The
tapes are polypropylene and may either be mono
filament (preferably) or multifilament. There are
now at least 20 commercially available varieties.

Midurethral tape is believed to stabilize and
support the midurethral segment on effort, when
the proximal and distal urethral portions of the
urethra descend, leaving the midurethra sup
ported and leading to kinking at this point (rather
similar to how a garden hose can be bent to inter
rupt the flow).

The indications are either primary or second
ary SUI at any age. Contraindications include
previous tape or sling erosion of the midurethra
or a fistula. Previous irradiation is a relative
contraindication.

Complications include short-term voiding
difficulty (11%), retention requiring resection of
the tape (1-2.8%), retropubic hemorrhage, and
bladder perforation at the time of surgery (0.8
21%).2 Tape erosion into the urethra or vagina
and bowel injuries are uncommon.

Complex Procedures

Colposuspension

The main continence operation in this group,
which is still the gold standard for continence
surgery, is the Burch colposuspension, first
described by Burch in 1961.5 Many papers have
since been published about the technique, com
plications, and success rates.

The colposuspension can be performed either
open or laparoscopically - most traditional clini
cians prefer the former, which is more likely to be
accompanied by posterior compartmental pro
lapse and voiding difficulties." In a multicenter
prospective random controlled trial of open and
laparoscopic colposuspensions by Smith et al .,'
the subje ctive and objective cure rates, mean
length of hospital stay, and complications were
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similar for both operations. More pain was expe
rienced by the open colposuspension.

The colposuspension works by elevating the
bladder neck and may lead to some outflow
obstruction. Intraoperative complications include
venous hemorrhage, bladder injury, and ureteric
injury, and, postoperatively, voiding difficulty
and posterior compartmental prolapse.

At a mean follow-up of 12.1 years Alcalay et al.
reported an objective cure rate of 94%. 8

Sling

Sling procedures are now largely used as second
ary continence operations - when other conti
nence operations have failed and intrinsic
sphincter defect is present. First described in
1907 by von Giordano, and later modified by
Goebell (1910), Frangenheim (1914) and Stoeckel
(1917), they were more popular in Central Europe
until modified by Aldridge (1942) and Studdiford
(1944) in the USA9 and Moir (1968) in the United
Kingdom.'?

The earliest slings were of autologous tissue
(rectus sheath fascia and fascia lata) then syn
thetic tissue (polyethylene and polypropylene),
allograft tissue (cadaveric dura, fascia lata, etc .),
and, more recently, xenograft tissue (porcine
dermis, SIS, etc .); all require a combined abdorni
novaginal approach. The sling is inserted at the
bladder neck (not midurethra) without tension.
Cure rates vary enormously, with a quoted mean
of 85%. Complications of all slings include
voiding difficulties and erosion. With xenografts
there is the added potential risk of transmission
of viruses and DNA.2

Artificial Urinary Sphincter

In 1973, Scott, Bradley, and Timm described the
artificial urinary sphincter (made by American
Medical Systems), which could be used in both
men and women." In women, it is usually reserved
for recurrent incontinence after failed conven
tional continence procedures. The device con
sists of a fluid-filled silastic-coated system with a
cuff to be placed around the bladder neck, a pres
sure-regulating balloon in the retropubic space,
and an activating device or pump in the left
labium majus.
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The sphincter allows controlled voiding via the
urethra. The patient must be carefully selected 
she must be mentally alert and aware of the com
plexity and complications of the artificial urinary
sphincter and have adequate hand movements
and coordination to operate the sphincter. She
should have sterile urine, normal upper urinary
tract, and a bladder capacity of >200ml with
minimal residual urine. Urodynamic testing
should confirm USIwithout an overactive bladder
or voiding difficulty. The sphincter is implanted
through a lower abdominal incision and acti
vated 6 weeks later to allow tissue healing.
The success rate for social continence may be
as high as 92%.2 Complications include mechani
cal failure, cuff erosion, and infection. Careful
follow-up is necessary.

Because of their complexity, sphincters should
only be implanted in units (urological or gyneco
logical) with specialized experience and capable
of long-term follow-up.

The sphincter is the option for the woman with
intractable incontinence who wishes to be dry, to
void through her urethra, and to avoid urinary
diversion. Most patients agree that it improves
the quality of life.

Urethral Closure

This is a relatively simple procedure that is com
bined with suprapubic catheterization. Closure
may be carried out vaginally (with a Martius fat
pad) or suprapubically (with an omental interpo
sition); the latter is usually more successful,
but has a higher morbidity. Recanalization and
fistula formation are known complications of
both."

Urinary Diversion

Urinary diversion is the final and most complex
option for persistent urinary incontinence. Diver
sion may be carried out by several means. The
most common is the conduit, in which a loop of
small ileum is isolated and the ureters are reim
planted into one end, while the opposite end
opens out through a stoma onto the anterior
abdominal wall, where urine collects in a bag.
The disadvantages include upper tract reflux and
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recurrent urinary tract infection with renal dete
rioration (caused by ureteric ileal stenosis) and
conduit obstruction at the skin surface.

Alternatively, the ureters can be implanted
into a detubularized rectosigmoid pouch (Mainz
pouch), allowing the patient to void per rectum.
The complications include the potential of
metabolic acidosis and malignant change. An
nual sigmoidoscopy is necessary to detect the
latter.

Continent urinary diversion is achieved by a
Mitrofanoff procedure. The bladder continues to
be used as reservoir, but the bladder neck is
closed off and a new "urethra" is constructed
(using the appendix, ureter, or an isolated portion
of ileum; Monti procedure), one end of which is
anastomosed to the bladder and the other end
opens out as a small stoma on the anterior
abdominal wall. The bladder is emptied by fre
quent catheterization via the stoma. Complica
tions include revision (as high as 25%) because of
stenosis, urinary infection, stone formation, and
failure to catheterize."

Conclusion

There are many surgical options, and experi
enced advice from a urologist or urogynecologist
is necessary when considering any of them.
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5.2
Genital Prolapse: Surgery for Failed
Conservative Treatment
Stuart 1. Stanton

Key Messages

Surgical treatment of prolapse can be deferred
until symptoms become intrusive. Conditions
that raise the intraabdominal pressure should
be reduced . Sometimes a decision may have to
be made between a vaginal or an abdominal
approach, and whether to use a supportive bio
logical or synthetic tissue . More properly con
trolled trials with a realistic follow-up are needed
to help decision-making.

Introduction

Management of prolapse depends on the symp
toms and their interference with quality of life,
the extent of physical signs of prolapse, and asso
ciated conditions. If the symptoms are mild, the
prolapse is stage I, and pelvic surgery is not
required for any other condition (e.g, urinary
incontinence, hysterectomy, or fibroids), surgical
treatment may be deferred.

However, to prevent worsening of the prolapse,
the following things should be minimized or
avoided: weight gain, unnecessary heavy lifting,
chronic cough, straining at stool, or anything
else that raises the intraabdominal pressure.

Surgery is appropriate when the prolapse is a
nuisance and conservative measures have failed
or, rarely, when a stage 4 cystocele obstructs the
ureters, leading to renal failure . Any decision to
proceed to surgery should take the following into
account:

1. Continued childbearing. As with urinary
stress incontinence, it is wisest to defer surgery
until childbearing is complete, as subsequent
pregnancies and vaginal delivery are likely to
disrupt any reconstructive surgery and lead to
recurrence of symptoms with a decreased rate of
success for further surgery.

2. Lifestyle. A job entailing heavy lifting or an
active sporting life will need discussion, and even
some curtailment, if a successful outcome is to be
achieved . Advice will be needed to reduce excess
or unnecessary physical activity.

3. Coincident pelvic conditions. An overall
plan needs to be adopted if surgery is required
for pelvic conditions, such as hysterectomy for
fibroids, oophorectomy for ovarian pathology, or
urinary or fecal incontinence.

4. Coitus. Care needs to be taken to avoid
vaginal narrowing or shortening so that coitus is
not compromised.

The patient's choice needs to be considered
when informed consent is taken. Some women
with multiple prolapses may want only one
attended to and need to be warned that an incom
plete cure of prolapse may result with continua
tion of prolapse symptoms.

Finally, the choice of operation for any pro
lapse may be influenced by previous prolapse
surgery or other pelvic operations (e.g, fistula
repair), the expertise of the surgeon, and the
fitness of the patient (e.g, vaginal surgery may be
less traumatic to the patient, but may not have the
same success rate as an abdominal operation).
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Role ofMesh

First time surgery for prolapse may fail in 30% of
women, and up to a further 10% may require
repeat surgery,' Some clinicians contest these
figures and say that they are too high and that
many women with prolapse may remain asymp
tomatic. Nevertheless, there is broad agreement
that the success rate of prolapse surgery needs to
be improved.

Over the last 5 years, synthetic meshes, autolo
gous fascia, cadaveric fascia, and pig's small
intestine have been used increasingly to streng
then prolapse repair. The most commonly used
synthetic material is polypropylene, and of the
varieties available monofilament is usually pre
ferred because of the lower risk of infection
caused by bacteria being trapped within its inter
stices . Whether synthetic or biological, all meshes
and grafts rely on host fibroblasts growing into
them to form a firm barrier and support. There
are complications - the most common being
rejection with infection and erosion. Because of
the concern about the durability of biological
grafts and the risk of infection caused by trans
mission of prions, synthetic meshes have become
more popular, although many commercial prod
ucts may have insufficient animal and human
trial evidence to support the safety or efficacy
of the mesh and the procedure, and these will
need careful evaluation and discussion with the
patient.

The main indications that meshes and grafts
should be used are (a) previous failed prolapse
surgery; (b) raised intraabdominal pressure, e.g.
chronic obstructive airways disease, obesity,
unavoidable heavy lifting; and (c) poor wound
healing (e.g. coincident steroid therapy). Previ
ous pelvic irradiation may be a contraindication
to synthetic meshes.

Classification ofProlapse

The practical and anatomical classification of
prolapse is:

1. Enterocele: anterior vaginal wall
Cystocele: bladder only
Cystourethrocele: bladder and urethra

S.L. Stanton

2. Cervix and uterine prolapse: descent of the
uterus

3. Vault prolapse: posthysterectomy prolapse in
which the top of the vagina descends and may
be indistinguishable from an enterocele . Both
can contain small bowel.

4. Posterior vaginal wall: rectocele

The staging of severity or extent is fully explained
in Chapter 1.6.

Surgery

Anterior Vaginal Wall Prolapse

The anterior repair, which was initially described
simultaneously in 1888 by Donald in Manchester
and Olshausen and Schroeder in Berlin, is the
conventional procedure, with success rates
varying between 31-85%; with mesh or other
support this may rise to 40-100%.3 The proce
dure involves a vertical incision of the vaginal
wall to expose the pubocervical fascia. Several
nonpermanent sutures are then used to draw the
pubocervical fascia together from both sides to
the midline, to buttress the urethra and bladder.
Usually, some excess vaginal mucosa is excised
and the remaining vaginal tissue is sutured in the
midline. Care is exercised to avoid taking too
much mucosa, which may lead to vaginal con
traction. Catheter drainage is used afterward.

An alternative technique, the paravaginal
repair, is based on the principle that a cystocele
can occur when the pubocervical fascia is
detached laterally from the white line (arcus
tendineus). In this repair, which can be carried
out vaginally, abdominally, or laparoscopically,
several permanent sutures are inserted into the
white line and then into the pubocervical fascia.
The success rate for this procedure varies between
61% and 97%, but, to date, no randomized con
trolled trial has evaluated the paravaginal repair
in isolation.Y

Uterine Prolapse

Uterine prolapse can be managed either by a
sacrohysteropexy, which leaves the uterus in
place, or a hysterectomy, which can be carried out
either vaginally or abdominally.
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The sacrohysteropexy has a success rate of
92-100%.3 Either an abdominal or laparoscopic
approach may be used. Polypropylene or Vypro
mesh is attached to the junction of the cervix and
uterus and then to the anterior longitudinalliga
ment over the first sacral vertebra. Because mesh
may shrink by up to 20%, the mesh is left quite
loose and follows the curve of the sacrum. It is
usually not peritonealized.

Ahysterectomy is usually carried out vaginally
when the main indication is prolapse and the
uterus is not larger than 16 weeks. If there is
concern about the difficulty of the hysterectomy,
the risk of intraperitoneal adhesions, or a large
uterus, it is wisest to carry out an abdominal
hysterectomy. Either way, the vault has to be
secured to the remnants of the broad and utero
sacral ligaments to prevent subsequent vault pro
lapse, which may occur in 10% of patients.

Vault prolapse may be managed by many oper
ations, including vaginal sacrospinous fixation
and bilateral iliococcygeal fixation or abdominal
sacrocolpopexy (either open or laparoscopic).

Sacrospinous fixation is performed by attach
ing the vault to one of the sacrospinous ligaments
using nonabsorbable sutures; care has to be taken
to avoid trauma to the pudendal nerve and
vessels. This technique has the disadvantage of
deviating the vagina to one side. Alternatively, a
bilateral iliococcygeal fixation can be carried out,
which involves securing the vault to the fascia
over the left and right iliococcygeal muscles at
the level of the ischial spine . There may be some
shortening of the vagina in this operation. Maher
and colleagues' have shown a similar objective
success rate between the sacrospinous and ilio
coccygeal fixation of 67% and 53%, respectively.

The sacrocolpopexy involves suturing either
Vypro or polypropylene mesh to the vault of the
vagina using slowlyabsorbable sutures (PDS) and
then to the anterior longitudinal ligament of the
first sacral vertebrum. The mesh may be perito
nealized and again is left loose to avoid the poten
tial shortening due to contraction. If there is a
concurrent rectocele the mesh can be extended
down the posterior wall of the vagina and attached
to the perineal body. The cure rate for sacro
colpopexy, either open or laparoscopic, varies
between 90% and 100%.3 The main complica 
tions of sacrocolpopexy are venous hemorrhage

from the venous plexus over the sacrum and
mesh erosion into the vagina .

Rectocele

The posterior colporrhaphy is the standard pro
cedure for rectocele correction and to "tighten"
the vagina in those women who complain of
vaginal laxity. The conventional approach is a
posterior wall vaginal incision that displays the
fascia over the levator ani muscles, which are
then approximated in the midline by absorbable
sutures. Alternatively, a discrete fascial plication
that looks for breaks in the fascia can be used,
and then these breaks are sutured. The success
rate for levator muscle plication is approximately
70% and for discrete fascial plication it is between
68% and 95%.3However, the follow-up for fascial
plication at present does not exceed 18 months,
so some judgment must be reserved about this
procedure. Posterior colporrhaphy complications
include dyspareunia and constipation. Kohli and
Miklos" used dermal grafts and had a 93% surgi 
cal cure, whereas Sand et aF found no difference
in cure rate when comparing a standard posterior
repair with a repair using Polyglactin 910 mesh
reinforcement.

Alternatively, colorectal surgeons prefer a
transanal repair, where the patient is placed
prone on the operating table and the anterior
rectal mucosa is incised transversely, proximal to
the dentate line, and dissected free of the under
lying circular muscle. The circular muscle is then
plicated longitudinally with 3 or 4 polypropylene
permanent sutures, the excess mucosa is excised,
and the defect then closed with a polydioxanone
suture. Complications include prolonged wound
healing of the perineum caused by infection and
failure to correct any associated enterocele. The
success rate of the transanal repair varies between
23% and 70%. 8

Conclusion

Many of the trials were neither randomized nor
controlled, nor did they have a follow-up of more
than 2 years. Thus, there is insufficient reliable
data to make a positive recommendation for one
operation over another, or for a specific mesh
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reinforcement. Surgeons have to be guided by the
patient's requirement and characteristics, and
their own expertise, success, and complication
rates.
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5.3
The Anal Sphincter
Klaus E. Matzel, Manuel Besendorfer, and Stefanie Kuschel

Key Messages

We review the treatment of fecal incontinence,
starting with biofeedback to teach awareness and
recruitment of residual function. Should that fail,
sacral nerve stimulation (SNS) is suggested. After
a percutaneous test stimulation, a neurostimula
tory device is implanted. The indications for this
are a defect in the internal or external anal
sphincter or neurogenic incontinence. Recon
structive techniques involve surgical repair of the
anal sphincter by several techniques, with
approximately 66% of patients showing improve
ment. Should this fail, sphincter replacement
using either autologous tissues (e.g, gracilis
transposition), the artificial bowel sphincter
(developed by American Medical Systems), or
stomal diversion can be considered. Outcome
measurements for all of these techniques is dis
appointingly rare .

Introduction

Biofeedback is the first choice for functional
rehabilitation. Based on the principle of operant
conditioning, visual or acoustic signals are used
to teach the patient awareness and use of specific
physiologic functions and, thus, to recruit resid
ual function. Success ranges widely, from 38%
to 100%.1 Retrograde irrigation is intended to
improve rectal reservoir function (by distension
and improved perception through a defined stim
ulus) and to establish a rhythm for sufficient
bowel emptying (to ensure time intervals free of

fecal loss). Only if these conservative therapies
fail to improve symptoms should surgical inter
vention be considered.

Sacral Nerve Stimulation

Sacral nerve stimulation is based on the concept
of recruiting residual function of the continent
organ by stimulation of its peripheral nerve
supply.' Various physiological functions con
tributing to continence are activated by low
frequency electrostimulation of 1 or more sacral
spinal nerves by a fully implantable neurostimu
lation device that looks like a pacemaker. ' A per
cutaneous test stimulation is usually done before
surgery. The results of the test stimulation have
a highly predictive value. Implantation of the
final permanent neurostimulation device will
only take place when a >50% reduction in incon
tinent episodes or in days with incontinence is
achieved.'

With the help of test stimulation, the spectrum
of indications for SNS has been continuously
expanded to patients suffering from fecal incon
tinence, which is attributable to a wide variety of
causes: weakness of the external anal sph incter,
with concomitant urinary incontinence or a
defect and/or deficit of the smooth-muscle inter
nal anal sphincter; status postrectal resection;
limited structural defects of the external anal
sphincter combined with limited defects of
the internal anal sphincter; and neurogenic
incontinence.

289
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The short-and long-term effects of SNS have
been demonstrated in multiple single and multi
center trials. With chronic SNS the frequency of
involuntary loss ofbowel content is reduced, both
the ability to postpone defecation and quality of
life is improved," and a substantial percentage of
patients gain full continence. Complications are
rare. In only less than 5% of patients has device
removal become necessary, mostly because of
pain or infection. After removal because of infec
tion, reimplantation can be performed success
fully at a later date.

The physiological mode of action of SNS is not
yet clearly understood. Its effect is complex and
multifactorial, involving somatomotor, somato
sory, and autonomic functions of the anorectal
continence organ .

Reconstructive Techniques

Morphological reconstruction is indicated if a
defined, functionally relevant, sphincteric defect
is diagnosed. Sphincter repair aims to reestablish
function by reconstructing the morphological
defect: a muscular gap is closed by adaptation of
the dehiscent muscle. Several techniques, such
as direct overlapping sphincter repair, postanal
repair, and total pelvic floor repair, have been
advocated in the past, and sphincter repair is now
generally accepted as first-line treatment for
incontinence caused by sphincteric defects. The
results of sphincter repair are not reported uni
formly and, thus, it is difficult to evaluate series
and to compare the outcome of this technique
with that of other procedures. Moreover, pro
spective outcome recording is rare; most reported
results are based on patients' recall and are
limited to functional issues without addressing
quality of life. Approximately two thirds of
patients report a significant improvement in con
tinence. However, the long-term therapeutic
effect of sphincter repair has recently been ques
tioned, as several studies have reported a deterio
ration in function over time.

If sphincter repair - despite reestablishment of
morphological integrity - fails to achieve success,
or if function deteriorates over time, patients
can be considered for functional rehabilitation,
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such as biofeedback, irrigation, and sacral nerve
stimulation.

Sphincter Replacement

Sphincter replacement procedures are indicated
if functional rehabilitation is not successful, if
incontinence is the result of a substantial muscu
lar defect that is not suitable for sphincter repair,
or if a neurological defect is present. Two tech
niques have gained broad acceptance: dynamic
graciloplasty (DGP)6 and the artificial bowel
sphincter (ABS).7The indications for both proce
dures are similar; end-stage incontinence in
patients with a substantial muscular and/or
neural defect of the anal sphincter complex. Both
procedures represent an alternative to the cre
ation of a stoma.

Dynamic Graciloplasty

Dynamic graciloplasty is a modification of the
transposition of the gracilis muscle around the
anus to function as a neosphincter, which was
first described in the early 1950s.8 The aim of this
transposition is to encircle the anal canal com
pletely with muscle tissue. Thus, the configura
tion of the muscle sling - alpha, gamma, or
epsilon configuration - is determined by the
length of the muscle and its tendon. This passive
muscle wrap is rendered dynamic by the implan
tation of a neurostimulation device that is placed
subcutaneously. Therefore, the innervation of
the gracilis muscle must be intact. To adapt the
muscle to prolonged contraction, the periods of
stimulation are increased in stepwise fashion.
The stimulator may be deactivated by an external
magnet. Thus, bowel emptying becomes a volun
taryact.

Artificial Bowel Sphincter

The ABS (Acticon neosphincter; American
Medical Systems) consists of three components:
an inflatable Silastic cuff placed around the anus
via perianal tunnels; a liquid-filled, pressure
regulating balloon positioned in the preperito
neal fat; and a manual pump connecting these
components, which is placed in either the labia
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majora or the scrotum. The anal canal is closed
as the cuff fills with liquid. At the time for defeca
tion the device is deactivated via the manual
pump; the cuff empties and the anus opens to
pass stool. The cuff is refilled and the anus is
closed after a few minutes.

As with dynamic graciloplasty, opening of the
ABS becomes a voluntary act and closure of
the anal canal is maintained without conscious
effort, mimicking the initiation of defecation in
the healthy. Compared with DGP,there is a higher
risk of infection with this implanted artificial
material, especially if the Silastic cuff of the ABS
cannot provide sufficient coverage .

Short- and long-term effects on function and
quality of life have been published in several
studies, both single- and multicenter," Again,
outcome measurement is inconsistent and data
must be interpreted cautiously.

Both sphincter replacement procedures are
associated with substantial morbidity in virtu
ally all reports. In larger multicenter trials, the
need for operative revision reached 42% for the
DGplO and 46% for the ABSll

; treatment had to be
discontinued in 8% and 30%, respectively. The
most severe complications were infections. Their
occurrence is not surprising when one bears in
mind that the operation is performed in a natu
rally contaminated area. In most cases, device

removal is unavoidable. The functional compli
cation most clinically relevant is outlet obstruc
tion. This may be caused by a preexisting
obstruction that is not identifiable because of
incontinence or by "hypercontinence" subse 
quent to neosphincter creation. In most cases ,
this functional problem can be treated with
regular enemas.

Stoma Creation

The creation of a diverting stoma should be con
sidered an alternative to surgery for end-stage
incontinence, although it doesn't address incon
tinence, per se, if comorbidity or intellectual or
physical inability precludes the above-described
sphincter replacements. Stoma creation carries
its own risks, however, and patient counseling
and performance of the procedure and postop
erative management should be handled with
great care.

Summary

The surgical options for fecal incontinence have
increased during recent years, and a new treat
ment algorithm has evolved (Fig. 5.3.1). Symp
toms and quality oflife can be improved if patient
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selection is appropriate. Although these proce
dures carry some morbidity, they may offer an
alternative to the creation of a diverting stoma.
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protocol adherence, for PFMT,

181-182
External palpation activations, of

pelvic floor, 210
Extracorporeal magnetic

stimulation, 196-199
introduction to, 196
key messages of, 196

F
Fecal incontinence (FI), 259

constipation and, 79-80
electrical neurostimulation for,

194
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medication for, 263
studies on, 199
surgical treatment algorithm

for, 291
Feldenkrais approach, to pelvic

floor, 209-210
Fembrace, for POP, 276
FI. See Fecal incontinence
Filling cystometry

normal example of, 116
in DAB female patient, 118
pressure-flow studies and,

111-112

Fistulas, pessaries with, 275
Fluids

bowel routine and, 260
management of, 218

Frequency volume chart, leakage
frequency on, 166

G
General muscle training

overload and, 178
principles of, 178
reversibility and , 178
specificity and, 178

Genital muscles, external,
perineal membrane and,
16-17

Genital prolapse
classification of, 286
surgery for, 285-288

introduction to, 285
key messages of, 285
role of mesh in, 286

Groutz Score, 165

H
High-pressure zone, of anal canal,

124
Hirschsprung's disease ,

functional causes of,
79

Hook wire electrodes, 157-158
EMG recording with, 158

Hormone therapy, for SUI,
225-226

Hymenal ring, 17
Hypotone urethra, 116
Hysterectomy

perineal descent/enterocele
after, 153

vaginal support levels after,
13
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I
ICIQ-SF. See International

Consultation on
Incontinence
Questionnaire-Short Form

ICS. See International Continence
Society

Idiopathic lesions, PFMs and ,
31-32

IIQ. See Incontinence Impact
Questionnaire

Iliococcygeus muscle, 10
Imipramine, for OAB, 251
Incontinence. See also Anal

incontinence; Fecal
incontinence; Stress
urinary incontinence;
Urgency/urge incontinence;
Urinary incontinence

mixed ,67
electrical neurostimulation,

193-194
pathogenesis of, 80
sexual dysfunction and,

254-255
sports and , 4
true mixed, 122

Incontinence Impact
Questionnaire (IIQ), 170

Incontinence pessaries, 205
Incontinence Severity Index (IS!),

163
Ingelrnann-Sundberg Scale, 163
International Consultation on

Incontinence
Questionnaire-Short Form
(ICIQ-SF), 163, 164, 165

International Continence Society
(ICS),62

urodynamic measurements of,
109

Intrapartum interventions, pelvic
floor anatomy/function
and,42-43

Intraurethral ultrasound, 138
Intravaginal resistance devices,

201
for pelvic organ prolapse,

202-204
for SUI, 204-206

Introital ultrasound, 136-137
Intussusception, 79
Ischiopubic rami, perineal

membrane and, 17

lSI. See Incontinence Severity
Index

Isotope retention, mean
segmental/total percentage
of, 128

K
Kegel perineometer, 202
Kinesthetic biofeedback, 186-187
"The Knack," 13, 237

L
Large bowel, anatomy of, 75-76
Laxatives, 262-263
Leakage frequency

on bladder diary, 166
on frequency volume chart,

166
Leak point pressure, 114
Levator ani muscles, 3

continence mechanism and,
12-13

innervation of, 12
macroscopic anatomy of, 10
midurethral cross-section of,

6
muscle fiber type of, 12
muscle physiology of, 12
permanent changes in, 147-149
reconstructed, 56
reversible changes in, 147-149
stretching of, 186

Levator ani muscle thickness,
MRI of, 146

Lifestyle changes , 218-219
Longitudinal smooth muscle

(LSM),7
Lower urinary tract (LUT)

innervation of, 28
neural control of, 29

LSM. See Longitudinal smooth
muscle

LUT. SeeLower urinary tract

M
Magnetic resonance imaging

(MRI), 144-154
axial section of, of middle

urethra, 146
of bladder base , 147
dynamic, 150-154

significance of, 153-154
standard reference lines for,

150-151

Index

healthy anatomy and, in
nulliparous women,
145-147

imaging planes of, 145
introduction to, 144
key messages of, 144
of levator ani muscle thickness,

146
of middle urethra, 147
of proximal urethra, 149
static, 145-150

anatomy and, 145
normal variation and,

145
pathology and, 145

of stress urinary incontinence,
149-150

T2 weighted images, of pelvic
organs , 150, 151

T2 weighted transverse
sections, of bladder neck,
148

technique of, 144-145
Manometric visual biofeedback,

187-188
Manual therapy, for OAPF, 256
Maximum urethral closure

pressure (MUCP), 113
Maximum voluntary contraction

(MVC),97
Medication, for FI, 263
Mediolateral episiotomy, different

rates of, 43
Micturition

muscle mechanism of, 11
neural control of, 28-29
OAPF and, 85-86
sonographic evaluation of,

140
Midline episiotomy, 42-43
Midurethral tape , for SUI, 282
Milex pessaries, 272
Mixed incontinence, 67

electrical neurostimulation,
193-194

true, 122
Modified Faecal Incontinence

Score, 165
Motor learning, biofeedback and,

184
Motor nerve conduction studies,

of sphincter function,
126-127

Motor unit , schematic of, 156
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Motor unit potential, component
phases of, 156

MRI. SeeMagnetic resonance
imaging

MUCP. SeeMaximum urethral
closure pressure

Muscle. Seealso Levator ani
muscles; Pelvic floor
muscles; Skeletal muscle

awareness, of PFMs, 25
coordination assessment, of

PFMs,98
dysfunction

clinical impact of, 57
future directions in, 58

fibers, innervation of, 52
function

aging and, 49-58
normal changes in, 57

physiology, 49
repair/rehabilitation, 53-57

cellular mechanisms for,
53-54

clinical aspects of, 54-56
clinical assessment of,

54-56
clinical relevance of, 56
for OAPF, 256-257

use, for accident prevention,
217

Musculoskeletal treatment, of
OAPF,255

MVC. SeeMaximum voluntary
contraction

N
Neotonus chair, for

electromagnetic induction
therapy, 197

Nerve conduction studies, of
pelvic floor, 159-160

Neurological lesions , PFMs and,
31-32

Neurologic conceptualization, of
PFM physiotherapy, 33

Neuromuscular injury, to pelvic
floor region , from vaginal
delivery,32-33

Nocturia, 219
research on, 249

Normal record ings, of anorectal
manometry, 125

Nulliparous woman , urethral
anatomy of, 6

o
OAB. SeeOveractive bladder

syndrome
OAPF. SeeOveractive pelvic floor
Observations in standing, PFMs

and ,97
l-hour pad tests , 166-167
Onuf's nucleus , 64
Open pouch of Douglas, in female

patient, 152
Orgasmic dysfunction, 254
Overactive bladder syndrome

(OAB), 66-67, 246-251
antidepressants for, 251
antidiuretic agents for, 251
antimuscarinic drugs for,

250-251
behavioral/drug therapy

combination for, 251
behavioral interventions for,

246
bladder training for, 246-248
common causes for, 67
darifenacin for, 250-251
desmopressin for, 251
imipramine for, 251
introduction to, 246
key messages of, 246
oxybutynin for, 249
patient example of, 117-119
pharmacological therapy for,

249-251
propiverine for, 250
solifenacin for, 250
studies on, 198-199
tolterodine for, 250
trospium for, 250

Overactive pelvic floor (OAPF),
83-86

abnormal tissue areas of, 84
bladder and, 83-84
bowel and, 84
causes of, 84-85
conservative management of,

255-257
defecation and, 86
electrical neurostimulation for,

194
evaluation of, 255
findings of, 85
introduction to, 83
key message of, 83
local pain of, 83
manual therapy for, 256
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micturition and , 85-86
muscle rehabilitation for,

256-257
musculoskeletal treatment of,

255
psychological issues with, 255
referred pain of, 83
sexual dysfunction and,

253-257
introduction to, 253
key messages of, 253
symptoms/findings of,

253-255
sexual function/sexual abuse

and,86
symptoms of, 83
urinary tract morbidity with, 85
voiding patterns and, 86

Overload
general muscle training and,

178
PFMT and, 178-179

Oxford scale, 99
Oxybutynin, for OAB, 249

P
Pad tests, 166-168
Patient education, AI and , 259
Patient symptom scores, pelvic

floor rehabilitation and,
outcome measures in,
163-165

Pelvic attachment, of arcus
tendineus, 15

Pelvic dysfunction, electrical
stimulation for, application
of, 191

Pelvic floor
anatomic view of, 4
anatomy of, 76
awareness, enhancement of, 185
biomechanical stimulation of,

211
Cantienica training of, 210-211
clam exercise for, 209
connective tissue of, 13-14
contraction, 151, 152

sonographic evaluation of,
140

deterioration of function, 4
disorders, 3

devices for, 202-206
distension, during vaginal

delivery, 37
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Pelvic floor (cont.)
dysfunction, identification of,

95
electromyography activity

from, 157
endopelvic fascia of, 13-14
evoked potentials of, 160-161
external palpation activations

of,210
Feldenkrais approach to,

209-210
function

childbirth and, 39-44
deterioration of, 4
loss reduction, 44
sonographic evaluation of,

138-141
functional anatomy, 3-19
lateral view of, 16
nerve conduction studies of,

159-160
pain, pelvic floor muscle

dysfunction and, 85
physiotherapy, for POP, 275-276
Pilates method for, 208-209
POP and, 73-74
postpartum management of,

235-241
pudendal motor latency of, 160
reflex studies of, 159
rehabilitation of, 3
at rest, 150, 151-152
structures, lateral view of, 11
during valsalva maneuver, 151,

152-153
whole-body vibration therapy

for, 211
yoga for, 208-209

Pelvic floor exercises (PFX), 238,
240. See also Exercise

program adherence to, 240
Pelvic floor muscle recruitment

in stress incontinence, 180-181
in urge incontinence, 181

Pelvic floor muscle re-education,
222-226

Pelvic floor muscles (PFMs), 3,
22-23,91-103

afferent pathways of, 27-28
assessment of, 92-96
clinical evaluation of, 91-103

beginning of, 91-92
introduction to, 91
key message of, 91

coccyx and, 10
contraction

assessment of, 96
observations during, 96-97

denervation of, 22
digital evaluation of, clinical

scale for, 101
dysfunction, pelvic floor pain

and,85
exercise for, 100-101, 184
function, visualization, 151
idiopathic lesions and, 31-32
innervation of, 26-28
lateral view of, digital palpation

of,94
layers of, 93
muscle awareness of, 25-26
muscle coordination assessment

of,98
neural control of, 22-33

activity of, 22-23
introduction to, 22
key message of, 22

neurological lesions and, 31-32
observations in standing and,

97
palpation, 93-96
physiotherapy, neurologic

conceptualization of, 33
rehabilitation/training of,

101-102
behavioral training with,

248
biofeedback and, 185-189
devices for, 201-206
instrumentation for, 102

scales/assessment tools for,
98-100

schematic anatomy of, 92
somatic motor pathways of,

26-27
strength measurement of, 97-98

other assessment methods
for, 102-103

tenderness scale of, 95
tonic/phasic, 23-24
transvaginal palpation of, 94
two digital measurement of, 94

Pelvic floor muscle training
(PFMT),121

anatomy education and, 222
compared to no treatment,

228-229
devices for, 201-206

Index

differing approaches to,
229-230

effectiveness of, 228-230
exercise and, 179-180,216-217
exercise protocol adherence for,

181-182
initial exercise program for,

223-224
introduction to, 177-178
key messages of, 177
overload and, 178-179
PFM assessment and, 222-223
during pregnancy, antepartum/

postpartum urinary
incontinence prevention
and,231-232

principles of, 178-179
program descriptions of, 229,

231
reversibility and, 179
review/follow-up, 224-225
specificity and, 178-179
synergist coactivation, 179-180
voluntary contraction

techniques for, 223
Pelvic floor rehabilitation

electromagnetic stimulation
and,199

outcome measures in, 162-171
introduction to, 162
patient symptom scores and,

163-165
validation of, 162-163

SUI and, during sports/fitness
activities, 267-268

Pelvic muscle rating scale, 99
Pelvic organ prolapse (POP),

71-74,105-108,271-276
clinical findings of, 71
drydock boat concept of, 73
etiology of, 71-72
evaluation of, 272-276
examination for, 72-73, 105
fembrace for, 276
historical perspective on,

271-272
intravaginal resistance devices

for, 202-204
introduction to, 71
key messages of, 71
pelvic floor and, 73-74
pelvic floor physiotherapy for,

275-276
pessary treatment for, 271
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during pregnancy, 38-39
quantification system for, 72,

106-107
risk factors of, 71-72
space-occupying pessaries for,

203
support pessaries for, 203
types of, 272-276

Pelvic organs, support of, 8-10
Pelvic pain, point-form treatment

of, 256
Pelvic re-education regimen

digital self-assessment and, 97
monitoring therapy and, 103

P.E.R.F. E. C. T. scale, 99
examples of, 100

Perfusion systems, anorectal
manometry and, 125

Periform vaginal electrode, with
indicator, 224

Perineal clinic
conditions treated in, 243-244
experience in, 244
introduction to, 242
key messages of, 242
referral reasons for, 244
role of, 242-244
structure of, 242-243

Perineal descent/enterocele, after
hysterectomy, 153

Perineal massage, 44
Perineal membrane

external genital muscles and,
16-17

ischiopubic rami and, 17
Perineal pain, management

pathway for, 244
Perineal ultrasound, 136-137

findings on childbirth, 40
of minimally filled bladder, 138

Pessaries
complications with , 275
cup/stem, 272
fistulas with, 275
fitting of, guidelines for,

273-274
incontinence, 205
milex,272
POP treatment with, 271
success rates with, 274-275
types of, 274
vaginal discharge with, 275
vaginal erosions with, 275

PFMs. See Pelvic floor muscles

PFMT. See Pelvic floor muscle
training

PFX. See Pelvic floor exercises
Pharmacological therapy

for OAB,249-251
for SUI, 225-226

Physical activity. See also
Exercise

bowel routine and, 260
Pilates method, for pelvic floor,

208-209
PMC. See Pontine micturition

center
Point-form treatment

of dyspareunia, 256
of pelvic pain, 256

Pontine micturition center (PMC),
28-29

POP. See Pelvic organ prolapse
Posterior prolapse, 17
Posterior support, 17-18
Postpartum continence promotion

program, components of,
239

Postpartum intervention,
effectiveness of, 239-240

Postpartum management
of pelvic floor, 235-241

introduction to, 235
key messages of, 235

perineal, outline of, 236-237
Postpartum PFM rehabilitation,

238
Postpartum urinary incontinence

prevention, with
antepartum pelvic floor
muscle training, 230-231

Posture, bowel routine and, 261
Pregnancy

antepartum/postpartum
urinary incontinence
prevention and, PFMT
during, 231-232

bladder neck/perineum during,
40

continence and, 4
pelvic floor during

examination for, 38-39
findings of, 38-39
imaging for, 39
symptoms of, 38
urodynamic studies for, 39

pelvic floor dysfunction during,
37
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pelvic organ prolapse during,
38-39

urodynamics during, 38-39
Pregnancylchildbirth effects

hormonal changes/impact and,
37

mechanical trauma and, 37-38
on pelvic floor, 36-45

introduction to, 36-37
key messages on, 36

Pressure/flow recording, during
filling/micturition, 112

Pressure-flow studies, filling
cystometryand, 111-112

Pressure flow study, of patient, 118
Primiparous women, 38
Prolapse symptoms, illustrations

of,14
Propiverine, for OAB,250
Psychological issues, with OAPF,

255
Pubic synphysis, as reference

structure, 137
Pubococcygeus muscle, 10

activation patterns of, 32, 33
Puborectalis muscle, 10
Pudendal electrode, disposable,

127
Pudendal latencies

normal mean, 126
normal recordings of, 127

Pudendal motor latency, of pelvic
floor, 160

Pudendal nerve , from ventral
rami, 26

Pudendal nerve terminal motor
latency, 126-127

Pure detrusor overactivity,
urodynamic findings and,
118-122

Pure stress incontinence,
urodynamic findings and,
118-122

Q
Quality of life scores , urinary

incontinence and, 170

R
Radioisotope colon transit study,

129
Randomized controlled trials

(RCTs),of electromagnetic
induction therapy, 197-198



300

RCTs. See Randomized controlled
trials

Reconstructive techniques, for
anal sphincter, 290

Rectal prolapse, 79
advanced uterovaginal prolapse

and, 79
Rectal sensation, showing balloon

distension volumes, 127
Rectoanalreflex,126
Rectocele, 79

illustration of, 14
surgery for, 287

Rectum, dynamic imaging of,
130-132

Reflex studies, of pelvic floor, 159
Resting anal pressure, anorectal

manometry and, 125-126
Reversibility

general muscle training and,
178

PFMT and, 179
Routine mediolateral episiotomy,

42-43

S
Sacral nerve stimulation, anal

sphincter and, 289-290
Sagittal scan/plan, 137
Schussler diagram, 72
Selective serotonin-

norepinephrine reuptake
inhibitors, for SUI, 226

Sexual dysfunction
incontinence and, 254-255
OAPF and, 253-257

introduction to, 253
key messages of, 253
symptoms/findings of,

253-255
Sexual function/sexual abuse,

OAPFand, 86
Sexual response, neural control

of, 31
Single-fiber electrode,

superimposed on normal
muscle, 128

Single-fiber electromyography,
128

Skeletal muscle
adaptation of, within pelvic

floor, 52-53
cardiovascular damage of,

53

cross section of, 50
denervation disorder of, 54
gross anatomical aspects of,

49-50
mechanicallmyopathic damage

of, 53
micrograph of, 50
neural damage of, 53
normal adaptation of, 52
normal function of, 49
structure/function of, 50
three-dimensional schematic of,

51
weakness, mechanisms of,

53-57
Sling, for SUI, 282
Solifenacin , for OAB, 250
Somatic motor pathways, of PFMs,

26-27
Sonographic evaluation. See also

Ultrasound imaging
biofeedback with, 188
of coughing, 138-140
of defecation, 140
of micturition, 140
of pelvic floor contraction,

140
of pelvic floor function,

138-141
of straining, 138-140
of valsalva, 138-140

Space-occupying pessaries, for
pelvic organ prolapse,
203

Specificity
general muscle training and,

178
PFMT and, 178-179

Sphincter function
electrophysiology of, 126
motor nerve conduction studies

of, 126-127
Sports/fitness activities

incontinence and, 4
SUI during, 267-269

Stamey Grading, of incontinence,
163

St. George Score, 165
Stoma creation, 291
Storage physiology, voiding phase

and , 63-65
Storage reflex, 63
Straining, sonographic evaluation

of, 138-140

Index

Stress-incontinent woman,
116-117

cough stress profile of, 117
urethral closure pressure profile

of, 116
Stress strategies, 217
Stress urinary incontinence (SUI),

65-66,121,221-226
alpha-agonists for, 225
artificial urinary sphincter for,

282-283
assessment of, 221
biofeedback techniques for,

during sports/fitness
activities, 268-269

bulking agents for, 281
colposuspension for, 282
contraceptive diaphragm for,

205
definition of, 221
electrical neurostimulation for,

193
hormone therapy for, 225-226
intravaginal resistance devices

for, 204-206
introduction to, 221
key messages of, 221
midurethral tape for, 282
MRI of, 149-150
pelvic floor muscle recruitment

in, 180-181
pharmacological therapy for,

225-226
pure, urodynamic findings and,

118-122
selective serotonin

norepinephrine reuptake
inh ibitors for, 226

sling for, 282
during sports/fitness activities,

267-269
etiology of, 267
introduction to, 267
key messages of, 267
pelvic floor rehabilitation

and, 267-268
surgical choices for, 281-283
tricyclic antidepressants for, 226
urethral closure for, 283
urinary diversion for, 283

Striated anal sphincter, 156
Striated muscle activity,

electromyography and,
155-157
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Striated pelvic floor muscles ,
evidence-based exercise
parameters of, for
functional capacity
improvement, 238

Striated urinary sphincter, 7
of urethra, 7

SUI. SeeStress urinary
incontinence

Support pessaries, for pelvic
organ prolapse, 203

Surface electrodes, 158-159
EMG recording with, 159
types of, 159

Surgery
for anterior vaginal wall

prolapse, 286
for genital prolapse, 285-288
for rectocele, 287
for SUI, 281-283

introduction to, 281
key messages of, 281
minimally invasive

procedures for, 281-282
for uterine prolapse, 286-287

T
Tactile/verbal feedback, 185-186
Tactile/visual biofeedback, during

cystourethroscopy, 188-189
Tenderness scale, of PFMs, 95
Three-dimensional ultrasound,

138
Tolterodine , for OAB, 250
Tonic motor unit, continuously

firing, falling leaf display
of,23

Tonic muscle activity, inhibition
of,24

TrA muscles. See Transversus
abdominis muscles

Transmuscular hook electrodes,
157

Transvaginal palpation, of PFMs,
94

Transversus abdominis (TrA)
muscles, 97

Tricyclic antidepressants, for SUI,
226

Trospium, for OAB, 250
True mixed incontinence, 122
24-hour pad tests, 167

criterion validity of, 168
repeatability of, 168

2-hour pad tests, 167
Two digital measurement, of

PFMs,94

U
UDI. See Urogenital Distress

Inventory
Ultrasound imaging, 135-141. See

alsoSonographic
evaluation

applications of, 136-137
as biofeedback tool, 140-141
dynamic, biofeedback with, 188
equipment for, 136-137
key messages of, 135
scope of, 135-136

UPP. See Urethral pressure
profilometry

Urethra
anatomy of, 6-8
anterior wall support and,

14-16
endopelvic fascia of, 6
innervation of, 8
middle, MRI of, 147
palpation of, 96
proximal, MRI of, 149
support of, 8-10

Urethral closure
pressure profile, 115

of stress -incontinent woman,
116

for SUI, 283
Urethral glands, 8
Urethral pressure measurement,

112-113
schematic drawing of, 113

Urethral pressure profilometry
(UPP), of urinary
incontinence, 169

Urethral pressure transducer, 113
Urethral smooth muscle, 7
Urethral sphincter, external,

MEPs of, 28
Urethral sphincter muscle, EMG

recording of, 23
Urethral submucosal vasculature,

8
Urethrovesical angle, bladder

neck mobility and ,
measurement of, 139

Urgency/frequency
cycle, 247
research on, 249
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Urgency/urge incontinence
electrical neurostimulation for,

193-194
pelvic floor muscle recruitment

in, 181
studies of, 198

Urge suppression strategies,
217

mechanism of, 248
patient instructions for, 249

Urinary diversion, for SUI, 283
Urinary incontinence

anatomical observations on,
168-171

bowel management and, 219
after childbirth, 41
clinical treatment for, 56-57
functional observations on,

168-171
obstetric/maternal risk factors

for, 41
pad test classification of, 168
prevention opportunities for,

56-57
quality oflife scores and, 170
socioeconomic evaluation,

170
symptom quantification for,

166-168
symptoms of, 12, 13
types of, 65-67
UPP of, 169
urodynamic assessment of,

168-169
voiding dysfunction and ,

62-69
weight loss and, 218-219

Urinary sphincter
artificial, for SUI, 282-283
competent, 66
striated, 5-6

Urinary tract, lower, anatomy of,
5-8

Urinary tract morbidity, with
OAPF,85

Urine flow curve, descriptive
terminology and, III

Urodynamic(s), 109-119
indications of, 109
key message of, 109
during pregnancy, 38-39

Urodynamic assessment, of
urinary incontinence,
168-169
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Urodynamic findings
in clinical practice, 118-123

introduction to, 118
key message of, 118

pure detrusor overactivity and,
118-122

pure stress incontinence and,
118-122

Urodynamic lab, with supine
patient, 110

Urodynamic measurements, of
ICS, 109

Urodynamic stress incontinence
(USI), studies on, 198

Urodynamic studies, for
pregnancy, pelvic floor
during, 39

Urodynamic techniques
definitions of, 109-110
technical performance of,

109-110
Uroflow, with abdominal/pelvic

floor EMG, 114
Uroflowmetry, 110
Urogenital diaphragm, 16-17
Urogenital Distress Inventory

(UDI),170
Urogenital hiatus, 10
U-shaped levator ani muscle,

schematic of, 8
US!. See Urodynamic stress

incontinence
Uterine prolapse

illustration of, 14
quantification of, 151
surgery for, 286-287

Uterovaginal support, 16

V
Vaginal delivery

bladder neck/perineum after, 40
clinical examination findings

after, 39
neuromuscular injury to, pelvic

floor region , 32-33
neurophysiology of, 39-40
pelvic floor distension during,

37
pelvic floor dysfunction after,

37
pelvic floor safety during,

44-45
pelvic floor symptoms during,

37
Vaginal discharge, with pessaries,

275
Vaginal EMG-electrode,

biofeedback with, 188
Vaginal erosions, with pessaries,

275
Vaginal probes, for electrical

stimulation, 192
Vaginal prolapse, Bonney 's

analogy of, 9
Vaginal support

diagrammatic display of, 9
levels, after hysterectomy, 13

Vaginismus, 254
Valsalva, sonographic evaluation

of,138-140
Va1salvaleak point pressures

(VLPP), 169-170
Valsalva maneuver, pelvic floor

during, 151,152-153
Vesical pressure transducer, 113

Index

Visual biofeedback, 186
VLPP. See Valsalva leak point

pressures
Voiding dysfunction

classification of, 68
etiology of, 68
patient example of, 117
prevention of, 69
symptoms of, 67-68
treatment of, 69
urinary incontinence and,

62-69
Voiding frequency

decreasing, 218
increasing, 218

Voiding habits/schedules, 218
Voiding patterns, OAPF and ,

86
Voiding phase, storage physiology

and,63-65
Voiding reflex, 63
Voiding response, voluntary,

64
Voluntary contraction pressure,

126
Voluntary contraction techniques,

for PFMT, 223

W
Weight loss, urinary incontinence

and, 218-219
Wexner scale, 165
Whole-body vibration therapy, for

pelvic floor, 211

Y
Yoga, for pelvic floor, 208-209
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