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Introduction and Terminology

Pelvic floor disorders, including pelvic or-
gan prolapse and urinary incontinence, are
debilitating conditions that result in surgery
in 1 of 9 women." They arise because of in-
juries and deterioration of the muscles,
nerves, and connective tissue that support
and control normal pelvic function. Al-
though it is clear that incontinence and pro-
lapse increase with age,' there is no hour
during a woman’s life when these structures
are more vulnerable than during childbirth.
Vaginal delivery confers a four- to eleven-
fold higher risk of prolapse that increases
with parity.” In contrast to classic anatomy,
this chapter addresses the functional
anatomy of the pelvic floor in women and
specifically focuses on how the pelvic or-
gans are supported by the surrounding
muscle and fasciae, and how pelvic visceral
function relates to the clinical conditions of
urinary incontinence and pelvic organ pro-
lapse.
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Miller, Professor of Gynecology, Department of Obstet-
rics and Gynecology, L 4000 Women's Hospital, 1500 E.
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In the past, gynecologists and urologists
have relied on the terms “cystocele” (ante-
rior prolapse), “urethrocele,” “rectocele”
(posterior prolapse), or “enterocele” to refer
to bulging or protrusion of the vagina below
the pelvic floor that involves the bladder,
urethra, rectum, or small bowel, respec-
tively. The use of these terms implied as-
sumptions concerning which organs were
causing the vaginal bulge; however, since an
accurate diagnosis is possible only by imag-
ing or surgical dissection, these terms may
be inappropriate. A recent National Insti-
tutes of Health (NIH) Terminology Work-
shop for Researchers in Female Pelvic Floor
Disorders defined terms for anatomic de-
scription and surgical therapy. Prolapse was
described by three categories: uterine or api-
cal, anterior, and posterior prolapse.3 This
framework has permitted a uniform dia-
logue among clinicians and will be applied
in this chapter.

Support of the Pelvic Organs
The pelvic organs rely on their attachments
to the pubic bones, muscles, and connective
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tissue for support, with control provided
through connections to the peripheral and
central nervous systems. In this chapter,
the term “pelvic floor” is used broadly to in-
clude all the structures supporting the pelvic
cavity rather than the restricted use of this
term to refer to the levator ani group of
muscles.

The pelvic floor consists of several com-
ponents lying between the peritoneum and
the vulvar skin. From above downward,
these are the peritoneum, pelvic viscera and
endopelvic fascia, levator ani muscles, peri-
neal membrane, and superficial genital
muscles. The support for all these structures
comes from connections to the bony pelvis
and its attached muscles. The viscera are of-
ten thought of as being supported by the pel-
vic floor, but are actually a part of it. The
viscera play an important role in forming the
pelvic floor through their connections with
structures, such as the cardinal and uterosac-
ral ligaments.

In 1934, Bonney pointed out that the va-
gina is in the same relationship to the ab-
dominal cavity as the in-turned finger of a
surgical glove is to the rest of the glove (Fig-
ure 1).* If the pressure in the glove is in-
creased, it forces the finger to protrude

FIGURE 1. Bonney’s analogy of vaginal pro-
lapse. The eversion of an intussuscepted surgical
glove finger by increasing pressure within the
glove is analogous to prolapse of the vagina
(DeLancey 2002, with permission).

downwards in the same way that increases in
abdominal pressure force the vagina to pro-
lapse. Figure 2a and Figure 2b provide a
schematic illustration of this prolapse phe-
nomenon. In Figure 2c, the lower end of the
vagina is held closed by the pelvic floor
muscles, preventing prolapse by constric-
tion. Figure 2d shows suspension of the va-
gina to the pelvic walls. Figure 2e demon-
strates that spatial relationships are impor-
tant. This is a flap-valve closure where the
suspending fibers hold the vagina in a posi-
tion against the supporting walls of the pel-
vis; increases in pressure force the vagina
against the wall, thereby pinning it in place.
Vaginal support is a combination of con-
striction, suspension, and structural geom-
etry.

Because of the way the supportive tissues
attach the pelvic organs to the pelvic walls,
the female pelvis can naturally be divided
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FIGURE 2. Diagrammatic display of vaginal
support. A, Invaginated area in a surrounding
compartment; (B) The prolapse opens when the
pressure (arrow) is increased; (C) Closing the
bottom of the vagina prevents prolapse by con-
striction; (D) Ligament suspension; (E) Flap
valve closure where suspending fibers hold the
vagina in a position against the wall allowing in-
creases in pressure to pin it in place (DeLancey
2002, with permission).




FIGURE 3. Compartments of the pelvis. The
vagina, connected laterally to the pelvic walls,
divides the pelvis into an anterior and posterior
compartment (DeLancey 1998, with permission;
based on SEARS 1933).

into anterior and posterior compartments
(Figure 3). The levator ani muscles form the
bottom of the pelvis. The organs are attached
to the levator ani muscles when they pass

FIGURE 4. Attachments of the cervix
and vagina to the pelvic walls demonstrat-
ing different regions of support with the
uterus in situ. Note that the uterine corpus
and the bladder have been removed (Del-
ancey 2002, with permission).
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through the urogenital hiatus and are sup-
ported by these connections.

Endopelvic Fascia

On each side of the pelvis, the endopelvic
fascia attaches the cervix and vagina to the
pelvic wall (Figure 4). This fascia forms a
continuous 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 part of
the fascia that attaches to the uterus is called
the parametrium and that which attaches to
the vagina, the paracolpium.” The vagina is
attached laterally to the pelvic walls forming
a single divider in the middle of the pelvis
that determines the nature of prolapse. An-
terior and posterior prolapse occur from the
front or the back, respectively. There are no
“lateroceles.” The division of clinical prob-
lems into anterior, posterior, and apical pro-
lapse reflects the nature of these lateral con-
nections. Therefore, three types of move-
ment can occur in patients with pelvic organ
prolapse: 1) the cervix or vaginal apex can
move downward between the anterior and
posterior supports; 2) the anterior vagina can
protrude through the introitus; and 3) the
posterior wall can protrude through the in-
troitus. The types of support loss are related
to the location of the genital tract’s connec-
tion to the pelvis. The location of connective

Parametrium
Paracolpium
Obturator internus
muscle

Arcus tendineus
levator ani

Vesical neck
Levator ani
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tissue damage determines whether a woman
has anterior, posterior, or vault prolapse.
Understanding the different characteristics
of support helps us to understand the types
of prolapse that can occur.

Uterovaginal Support

The cardinal and uterosacral ligaments
(parametrium) attach the cervix and uterus
to the pelvic walls.®” This tissue continues
downward over the upper vagina to attach it
to the pelvic walls and is called the paracol-
pium here.” These tissues provide support
for the vaginal apex following hysterectomy
(Figure 5). The paracolpium has two por-
tions from the pelvic inlet toward the pelvic
outlet. The uppermost portion of the para-
colpium consists of a relatively long sheet of
tissue that suspends the superior aspect of
the vagina (level I) by attaching it to the pel-
vic wall. This is true whether or not the cer-
vix is present. In the midportion of the va-
gina (level II), the paracolpium attaches the
vagina laterally and more directly to the pel-
vic walls. This attachment stretches the va-
gina transversely between the bladder and
rectum and has functional significance. The
structural layer that supports the bladder
(“pubocervical fascia) does not exist as a

Levator ani

separate layer from the vagina, as is often
incorrectly depicted, but rather is composed
of the anterior vaginal wall and its attach-
ment through the endopelvic fascia to the
pelvic wall (Figure 6). Similarly, the poste-
rior vaginal wall and endopelvic fascia
(“rectovaginal fascia”) form the restraining
layer that prevents the rectum from protrud-
ing forward, blocking formation of posterior
prolapse. In the distal vagina (level III), the
vaginal wall is directly attached to surround-
ing structures without any intervening para-
colpium. Anteriorly, the vagina fuses with
the urethra, posteriorly with the perineal
body, and laterally with the levator ani
muscles.

Prolapse of the Uterus or
Vaginal Apex

Damage to level I support can result in uter-
ine or vaginal prolapse (Figure 7). The na-
ture of uterine support can be understood
when the cervix is pulled downward with a
tenaculum during dilation and curettage or
pushed downward during laparoscopy. Af-
ter a certain amount of descent, the parame-
tria become tight and arrest further cervical
descent. Similarly, downward descent of the
vaginal apex after hysterectomy is resisted

FIGURE 5. Levels of vaginal support
after hysterectomy. Level I (suspension)
and level II (attachment). In level I, the
paracolpium suspends the vagina from
the lateral pelvic walls. Fibers of level 1
extend both vertically and also posteri-
orly towards the sacrum. In /evel II, the
vagina is attached to the arcus tendineus
fasciae pelvis and the superior fascia of
levator ani (DeLancey 1992, with
permission).




FIGURE 6. Close up of the lower mar-
gin of level II after a wedge of vagina has
been removed (inset). Note how the an-
terior vaginal wall, through its connec-
tions to the arcus tendineus fascia pelvis,
forms a supportive layer clinically re-
ferred to as the pubocervical fascia (De-
Lancey 1992, with permission).

by the paracolpia. The parametria do not de-
termine the resting position of the cervix in
normal healthy women, since the cervix can
be drawn to the hymen with little difficulty.®
The same can be said of the vaginal apex af-
ter hysterectomy. Damage to the upper sus-
pensory fibers of the paracolpium allows
uterine or vaginal vault prolapse (Figure 8).
Damage to the level II and III portions of
vaginal support results in anterior and pos-
terior prolapse. The varying combinations
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of these defects are responsible for the diver-
sity of clinically encountered problems.

Anterior Vaginal and
Urethral Support

The position and mobility of the anterior va-
gina, bladder, and urethra are important to
urinary continence and anterior prolapse.’
By fluoroscopy, the urethra and vesical neck
are normally mobile structures while the dis-

FIGURE 7. Uterine prolapse showing the cervix protruding from the
vaginal opening and vaginal prolapse where the puckered scar indicates
where the cervix used to be and upper vagina are prolapsed (DeLancey 2002,

with permission).
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FIGURE 8. Damage to the suspensory liga-
ments that can lead to eversion of the vaginal
apex when subjected to downward forces (DeL-
ancey 2002, with permission).

tal urethra remains fixed in location.'%!!

Both pelvic muscles and fasciae determine
the support of the urethra.'? Disruption of
this supportive system will result in down-
ward descent of the anterior vaginal wall.
Anterior vaginal support depends on the

Endopelvic
fascia

connections of the vagina and periurethral
tissues to the muscles and fascia of the pel-
vic wall; it does not depend on attachments
of the urethra itself to adjacent structures
(Figure 9). On both sides of the pelvis, the
arcus tendineus fascia pelvis is a band of
connective tissue attached at one end to the
lower sixth of the pubic bone, one centime-
ter from the midline, and at the other end to
the ischium, just above the spine.

The layer of tissue that provides urethral
support has two lateral attachments: fascial
and muscular.'® The fascial attachment of
the urethral supports connects the periure-
thral tissues and anterior vaginal wall to the
arcus tendineus fascia pelvis and has been
called the paravaginal fascial attachments
by Richardson et al.'* Lateral detachment of
the paravaginal fascial connections from the
pelvic wall is associated with stress inconti-
nence and anterior prolapse (Figure 10). The
muscular attachment connects these same
periurethral tissues to the medial border of
the levator ani muscle. These attachments
allow the levator ani muscle’s normal rest-
ing tone to maintain the position of the vesi-
cal neck, supported by the fascial attach-
ments. When the muscle relaxes at the onset
of micturition, it allows the vesical neck to
rotate downward to the limit of the elasticity

FIGURE 9. Lateral view of the pelvic
floor structures related to urethral sup-
port seen from the side in the standing
position, cut just lateral to the midline.

Art. Vaginai ‘ 7 “ hwcustend.  Note that windows have been cut in the
Rect % / //” fasc. pelv. levator ani muscles, vagina, and endopel-

Lol =< Z Levator ani vic fascia so that the urethra and anterior
External anal 2 & Urethra vaginal walls can be seen. (DeLancey
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2002, with permission; redrawn after
DeLancey 1994)




FIGURE 10. Left panel shows the attachment
of the arcus tendineus fascia pelvis to the pubic
bone [arcus tendineus fascia pelvis, black ar-
row]. Right panel shows a paravaginal defect
where the cervical fascia has separated from the
arcus tendineus (black arrow points to the sides
of the split) (PS = pubic symphysis) (DeLancey
2002, with permission).

of the fascial attachments; contraction at the
end of micturition brings the vesical neck
back to its normal position.

Anterior prolapse can occur either be-
cause of lateral detachment of the anterior
vaginal wall at the pelvic side wall, referred
to as a displacement “cystocele”, or as a cen-
tral failure of the vaginal wall itself that re-
sults in distension “cystocele” (Figure 11).
Although various grading schemes have
been described for anterior vaginal prolapse,
they are often focused on the degree of pro-
lapse rather than the anatomic perturbation
that results in this descent; therefore, it is im-
portant to describe anterior prolapse with re-
gard to the location of the fascial failure (lat-
eral detachment versus central failure).

It has been postulated that urethral sup-
port influences stress incontinence, not by
determining how high or how low the ure-
thra is, but by how it is supported. The ure-
thra lies on the anterior vagina, which is sup-
ported by its connections to the arcus tendin-
eus fascia pelvis and the levator ani muscles.
Simulated increases in abdominal pressure
compress the urethra against the vaginal
wall, which acts as a supporting hammock

Functional anatomy of the pelvic floor 9

FIGURE 11. Left: Displacement “cystocele”
where the intact anterior vaginal wall has pro-
lapsed downward due to paravaginal defect.
Note that the right side of the patient’s vagina
and cervix has descended more than the left be-
cause of a larger defect on this side. Right: Dis-
tension “cystocele” where the anterior vaginal
wall fascia has failed and the bladder is distend-
ing the epithelium (DeLancey 2002, with
permission).

(Figure 12)."3 Tt is the relative elasticity of
this support rather than the absolute position
of the urethra that results in stress inconti-
nence. With a firm supportive layer, the
urethra is compressed between abdominal
pressure and the pelvic fascia, in much the
same way that you can stop the flow of wa-
ter through a garden hose by stepping on it
and compressing it against an underlying
sidewalk. If, however, the layer under the
urethra becomes unstable and does not pro-
vide a firm backstop against abdominal
pressure, the opposing force that causes clo-
sure is lost and the occlusive action dimin-
ished. This latter situation is similar to trying
to stop the flow of water through a garden
hose by stepping on it while it lays on soft
soil.

Posterior Support
The posterior vagina is supported by con-
nections between the vagina, the bony pel-
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FIGURE 12. Lateral view of pelvic floor with
the urethra and fascial tissues transected at the
level of the proximal urethra. The arrow indi-
cates compression of the urethra by a downward
force against the supportive tissues and illus-
trates the influence of abdominal pressure on the
urethra (DeLancey 1994, with permission).

vis, and the levator ani muscles.'> The lower
one-third of the vagina is fused with the per-
ineal body (level III), (Figure 13) which
joins the perineal membranes on either side.
This connection prevents downward descent
of the rectum in this region. If the fibers that
connect one side with the other rupture, the
bowel may protrude downward resulting in
posterior vaginal prolapse. (Figure 14) The
mid-posterior vagina (level II) is connected
to the inside of the levator ani muscles by
sheets of endopelvic fascia (Figure 15).
These connections prevent vaginal descent
during increases in abdominal pressure. The
most medial aspects of these paired sheets
are the rectal pillars. In its upper one-third,
the posterior vagina is connected laterally by
the paracolpium. Separate systems for ante-
rior and posterior vaginal support do not ex-
ist at level L.

The attachment of the levator ani muscles
to the perineal body is important. Using
magnetic resonance imaging (MRI), up to
20% of primiparous women have a visible
defect in the levator ani muscle.'® More-
over, these defects were found to occur more

FIGURE 13. The perineal membrane spans
the arch between the ischiopubic rami with each
side attached to the other through their connec-
tion in the perineal body. Note that separation of
the fibers in this area leaves the rectum unsup-
ported and results in a low posterior prolapse
(DeLancey 1999, with permission).

frequently in women with stress inconti-
nence.'® An individual with muscles that do
not function properly has a problem that is
not surgically correctable.

Levator Ani Muscles

The levator ani muscles play a critical role in
supporting the pelvic organs.'”'* Not only
has evidence of this been seen in magnetic
resonance scans>">' but histologic evidence
of muscle damage has been found as well**
and tied to operative failure.>> Any connec-



FIGURE 14. Posterior prolapse due to separa-
tion of the perineal body. Note the end of the hy-
menal ring that lies laterally on the side of the
vagina, no longer united with its companion on
the other side (DeLancey, with permission).

tive tissue within the body may be stretched
by subjecting it to a constant force. Skin ex-
panders used in plastic surgery stretch the
dense and resistant dermis to extraordinary
degrees and flexibility exercises practiced
by dancers and athletes elongate leg liga-
ments with as little as 10 minutes of stretch-
ing a day. Both of these observations under-
score the malleable nature of connective tis-
sue when subjected to force over time. If the
ligaments and fasciae within the pelvis were
subjected to the continuous stress imposed
on the pelvic floor by the great force of ab-
dominal pressure, they would stretch. This
stretching does not normally occur because
the constant tonic activity of the pelvic
muscles®* closes the pelvic floor and carries

Functional anatomy of the pelvic floor 11

the weight of the abdominal and pelvic or-
gans, preventing constant strain on the con-
nective tissue.

Below the fascial layer are the levator ani
muscles.”” (Figure 17). The connective tis-
sue covering on both superior and inferior
surfaces are called the superior and inferior
fascia of the levator ani. When these muscles
and their associated fascia are considered
together, the combined structures make up
the pelvic diaphragm. The opening between
the levator ani muscles through which the
urethra, vagina, and rectum pass (and
through which prolapse occurs) is the uro-
genital hiatus. The urogenital hiatus is sup-
ported anteriorly by the pubic bones and the
levator ani muscles, and posteriorly by the
perineal body and external anal sphincter.
The normal baseline activity of the levator
ani muscle keeps the urogenital hiatus
closed by compressing the urethra, vagina,
and rectum against the pubic bone, pulling
the pelvic floor and organs in a cephalic di-
rection.®

There are two basic regions of the levator
ani muscle. The iliococcygeal and coccy-
geal portions form a relatively flat, horizon-
tal shelf that spans the potential gap from
one pelvic sidewall to the other. The second
portion of the levator ani muscle is the pu-
bococcygeus, the pubovisceral component
that arises from the pubic bone on either
side, forming a sling around and behind the
pelvic organs. It also attaches to the walls of
the pelvic organs and includes the puborec-
talis portion. The constant muscle tone of
the pubococcygeal portion is responsible for
holding the pelvic floor closed by coapting
the urogenital hiatus. This continuous con-
traction, similar to the external anal sphinc-
ter, closes the lumen of the vagina much as
the anal sphincter closes the anus. This con-
stant action eliminates any opening within
the pelvic floor through which prolapse
could occur and forms a relatively horizon-
tal shelf on which the pelvic organs are sup-
ported.?’
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Perineal membrane

Interactions Between the
Pelvic Muscles and

Endopelvic Fascia

Interaction between the pelvic muscles and
the supportive connective tissue is critical to
pelvic organ support. As long as the levator
ani muscles function properly, the urogeni-
tal hiatus is closed and the connective tissue
is under minimal tension, acting to stabilize
the organs in their position above the levator

FIGURE 15. Lateral view of the pelvis
showing the relationships of the puborec-
talis, iliococcygeus, and pelvic floor
structures after removal of the ischium
below the spine and sacrospinous liga-
ment. The bladder and vagina have been
cut in the midline yet the rectum left in-
tact. Note how the endopelvic fascial
“pillars” hold the vaginal wall dorsally
preventing its downward protrusion [SSL
= sacrospinous ligament; EAS = external
anal sphincter) (DeLancey 1999, with
permission).

ani muscles. When the pelvic muscles relax
or are damaged, the urogenital hiatus opens
and the vagina lies between the high ab-
dominal pressure and low atmospheric pres-
sure. In this situation, the vagina must be
held in place by the fascia. Although the fas-
cia can sustain these loads for short periods
oftime, if the pelvic muscles do not close the
urogenital hiatus, the connective tissue
eventually fails, resulting in prolapse. The
support of the vagina has been likened to a
ship in its berth, floating on the water and
attached by ropes on either side to a dock.*®
The ship is analogous to the vagina, the
ropes to the ligaments, and the water to the
supportive layer formed by the pelvic
muscles. The ropes function to hold the ship

FIGURE 16. Mid-vaginal posterior prolapse
that protrudes through the introitus despite a nor-
mally supported perineal body (DeLancey, with
permission).

FIGURE 17. Levator ani muscles seen from
below the edge of the perineal membrane (“uro-
genital diaphragm”) can be seen on the left of the
specimen (DeLancey, with permission).




(vagina) in the center of its berth as it rests
on the water (pelvic muscles). If, however,
the water level were to fall far enough that
the ropes would be required to hold the ship
without the supporting water, the ropes
would all break. The analogous situation in
the pelvic floor involves the pelvic muscles
supporting the vagina, stabilized in position
by the fascia. Once the pelvic musculature
becomes damaged and no longer holds the
organs in place, the connective tissue fails.

Perineal Membrane
(Urogenital Diaphragm) and
External Genital Muscles

In the anterior pelvis, below the levator ani
muscles, there is a dense triangular mem-
brane called the perineal membrane. The
term “perineal membrane” replaces the old
term “urogenital diaphragm,” reflecting the
fact that this layer is not a single muscle
layer with a double layer of fascia (“dia-
phragm”) but rather a set of connective tis-
sues that surround the urethra.>® The orien-
tation consists of a single connective tissue
membrane, with muscle lying immediately
above. The perineal membrane lies at the
level of the hymen and attaches the urethra,
vagina, and perineal body to the ischiopubic
rami (Figure 18). The compressor urethrae
and urethrovaginal sphincter muscles are as-
sociated with the upper surface of the peri-
neal membrane. This anatomy explains the
observation that pressures durin% a cough
are greatest in the distal urethra®>' where
the compressor urethra and urethrovaginal
sphincter compress the lumen in anticipa-
tion of a cough.**?

Functional Anatomy of the

Lower Urinary Tract

Urinary continence is maintained by a com-
plex relationship that involves neurophysi-
ology and structural support to the lower uri-
nary tract. The lower urinary tract can be di-
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FIGURE 18. Position of the perineal mem-
brane and its associated components of the stri-
ated urogenital sphincter, the compressor urethra
and the urethrovaginal sphincter (DeLancey,
with permission).

vided into the bladder and urethra (Figure
19, Figure 20), joined at the vesical neck.

Bladder

The bladder is a hollow organ composed of
epithelium surrounded by layers of smooth
muscle. The bladder has two primary func-
tions: storage and evacuation of urine (void-
ing), for which the detrusor muscle has a
“storage phase” and an “emptying phase.”
During the storage phase, the muscular lay-
ers relax to accommodate urine so that in-
creasing volumes are stored without appre-
ciable increases in intravesical pressure. The
emptying phase occurs when the bladder
reaches its physiological capacity or when a
woman voluntarily voids. After urethral re-
laxation, tonic inhibition of the detrusor is
released and reflex voiding contraction is
initiated. Increased post-void residual urine
in some women with anterior vaginal pro-
lapse supports the premise that proper loca-
tion of the bladder relative to the vesical
neck is important for efficient voiding.

Vesical Neck

The term “vesical neck” is both regional and
functional; it does not refer to a single ana-
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FIGURE 19. Cross-section of the urethra modified from Huisman (1983)
[from Strohbehn and DeLancey (Saunders, with permission)].

tomic entity. It denotes that area at the base
of the bladder where the urethral lumen
passes through the thickened detrusor mus-
culature of the bladder base that surrounds
the trigone and urethral meatus.**

Urethra

The urethra is a complex tubular organ ex-
tending below the bladder. In its upper third,
it is clearly separable from the adjacent va-
gina, but its lower portion is fused with the
vaginal wall. The urethra is associated with
several structures that are relevant for under-
standing lower urinary tract dysfunction.>>

Striated Urogenital Sphincter
The striated urogenital sphincter muscle, of-
ten referred to as the external urethral
sphincter, encircles the urethra in its midpor-
tion. Distally, under the arch of the pubic
bone, these fibers diverge to insert into the
walls of the vagina and the perineal mem-
brane (the compressor urethrae and urethro-
vaginal sphincter muscles) (Figure 18).
These muscles are responsible for increas-
ing intraurethral pressure during times of
need and contribute about one-third of the
resting tone of the urethra. The muscle fi-
bers, which are primarily slow-twitch and
fatigue-resistant, are constantly active.
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FIGURE 20. Sagittal section of the
mid-urethra modified from Huisman
(1983) [from Strohbehn and DeLancey
(Saunders, with permission)].

Urethral Smooth Muscle

The urethral smooth muscle has two layers:
outer circular and inner longitudinal layers.
Smooth muscle blockade reduces resting
urethral closure pressure by about one-third.
The circular fibers contribute to urethral
constriction. The function of the longitudi-
nal muscle is not understood. Although
there is considerably more longitudinal
muscle than circular muscle, the reasons for
this have yet to be determined.

Submucosal Vasculature

The submucosal vasculature is remarkably
prominent, far more extensive than expected
for such a small organ. The vasculature is
probably responsible in part for the hermetic
seal that maintains urethral closure. Occlu-
sion of arterial flow to the urethra decreases
resting urethral closure pressure.

Glands

The submucosa contains a variable number
of glands, primarily along the vaginal side of
the urethra,>® and concentrated in the distal
and middle thirds of the urethra. The loca-
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tion of urethral diverticula, cystic dilation of
these glands, follows this distribution.
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