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Preface

As geriatric surgeons, we are in the midst of dramatic changes in the demographic structure of
the United States. Currently, almost 25 % of the population is over the age of 65 years and the
fastest-growing cohort within this group will be those people over 75 years. This aging of the
US population presents potentially significant challenges to our healthcare system. In addition,
it raises the question about whether it can support the needs of older people and enable them
to live healthy, independent, and productive lives.

As the population ages, there is a natural enhancement in the development of medical tech-
nology which diffuses into many aspects of daily life. This includes all forms of minimally
invasive operative technologies, health-monitoring devices, and computers exhibiting artificial
intelligence which are being used to perform a variety of tasks, from the most routine to the
most complex. To meet these challenges, we may actually have to redefine what it means to be
“older.” So, does old mean 65 years or 75 years or even 80 years of age? Newspapers, televi-
sion, and the Internet are replete with stories about octogenarian triathletes, mountain climb-
ers, and fountain-of-youth aficionados. These elderly individuals are increasingly unwilling to
accept a shortened life span, much less the prospect of disability or even inconvenience.

Physicians understand far better than most that the concept of time on tissue is a prescrip-
tion for physical breakdown and deteriorating disease. Having said that, pelvic surgeons, as
anatomic scientists, like Galileo and Newton before them, are intimately aware of the compli-
cations that can occur when one adds gravity to time and tissue. Consequently, those physical
defects within the anatomic pelvis that ultimately lead to socially unacceptable clinical condi-
tions such as urinary and/or fecal incontinence will be absolutely intolerable to a healthier,
more diverse, and better-educated population of centenarians that continue to exhaustively
pursue active lives in a fashion unparalleled to the previous generations.

The editors, while surgeons, embody a combined half century of interest in the elderly. One
of us (DAG) is fellowship trained and board certified in Pelvic Reconstruction/Neurourology
and established one of the first Geriatric Pelvic Medicine fellowships. The other (MRK) pub-
lished his paper “Surgery in Centenarians” in 1985 and his first book, Geriatric Surgery, in
1990. Our chapter authors represent the best of the multidisciplinary spectrum of those focused
on the pelvis, from radiology and gastroenterology to urology and colon and rectal surgery. No
book to date has brought together in one volume their combined expertise. All of us who care
for the elderly —geriatricians, family physicians, surgeons, nurses, and many others—will
learn something that will help us care for this burgeoning group. So, read the volume cover to
cover or, more likely, read chapters of particular interest. All of our terrific patients, veterans
of wars and other intense life experiences, will benefit.

Baltimore, MD, USA David A. Gordon
Mark R. Katlic
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General Physiology and Pelvic Floor Disorders



Anatomy, Neuroanatomy,
and Biomechanics of the Pelvis

Christopher Madsen and David A. Gordon

Introduction

The pelvis, both in the female and male forms, proves to be
one of the most complex anatomic and physiologic regions
within the human body. Nowhere else in the body can one
find the multitude of muscles, tendons, nerves, ligaments,
blood vessels, organs and physiological functions tightly
knit into such a compact structure (Fig. 1.1). The pelvis is
responsible for biped ambulation and support of the spinal
column, sexuality, reproduction, storage and elimination of
urinary and fecal waste, and indeed represents the human
body’s foundation for both form and function.

A thorough and proper understanding of all of these struc-
tures and functions and how they integrate into one seamless
anatomic box is of paramount importance for the surgeon
operating within the pelvis. In order to be successful, the sur-
geon who operates within the pelvis must be disciplined and
prepared, as along with its complexity, comes a great deal of
risk. Often times it is resourcefulness and creativity that
allows successful surgical operations here, and this can only
be made possible with an appropriate fund of knowledge.

Perhaps one of the most fascinating aspects of the pelvis
is its remarkable dynamic nature. From its embryological
origins, through its fetal and adolescent development and
into its adult maturation and finally senescent changes in
older age, it truly embodies the point that the only thing
that is constant is change. In addition to its evolution along
the broader span of one’s life span, it has only recently been
truly recognized for its dynamic nature in daily activities.

C. Madsen
Department of General Surgery, Sinai Hospital, Surgical Resident,
Baltimore, MD, USA

D.A. Gordon (<)

The Division of Pelvic Neuroscience, Department of Surgery,
The Sinai Hospital of Baltimore, 2401 W. Belvedere Ave,
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Much of the function of the pelvic floor derives from its
ability to change both its form and function during various
activities. This can be appreciated when one considers the
changes necessary to accommodate straining, micturition,
defecation, child birthing, intercourse, and even just stand-
ing there appearing to do nothing!

The focus of this chapter will be on the anatomic structure
of the pelvis and some of the changes it experiences as it pro-
gresses with age. Particular attention will be paid to how
these structures and functions relate to both the surgeon and
the physiologist, and the relevance of significant changes that
occur through adulthood and older age—though many of
these will be addressed in specific chapters later in this text.

The Pelvis as a Unit

The pelvis (L. basin) is a term used loosely to identify the
region between the abdomen and the lower extremities, a
cavity bound by the pelvic girdle. It can be subdivided into
the greater pelvis, a larger more superficial bowl protected
by the alae of the ilia, and the lesser pelvis, a smaller bowl
which lies below the pelvic brim and greater pelvis. The pel-
vic girdle consists of two large bones, the ossa coxae, and the
sacrum, which provide mechanical support and muscular
and fascial attachments for the thoraco-abdominal trunk, the
lower legs, and the perineum. The lesser pelvis, or true pel-
vis, which is inferior to the pelvic brim, contains all of the
organs related to micturition, reproduction, sexual activity,
and defecation. The muscles and fascial attachments of the
individual organs, as well as the pelvic diaphragm, support
these structures and prevent herniation and prolapse.
Externally, the pelvic cavity is bound by the muscular struc-
tures of the thigh and buttocks on each side, the anterior,
lateral, and posterior abdominal wall superiorly, and the
perineum inferiorly.

The term perineum is used to identify a specific anatomical
group of structures that lie beneath the pelvis. In its most restrictive

D.A. Gordon, M.R. Katlic (eds.), Pelvic Floor Dysfunction and Pelvic Surgery in the Elderly,
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Fig.1.1 Pelvis

definition, it refers to the soft tissue superficial to the perineal
body, between the anus and the testicles or vagina. Some expand
that definition to include the structures that can be found between
the mons pubis, the coccyx and the thighs. However, the
Terminologia Anatomica defines it as all of the structures which
lie within the anal and urogenital triangles, including the deep
structures all the way to the pelvic diaphragm.

Pelvic Osteology
Developmental Considerations

The lower limbs first appear during embryological develop-
ment as ventrolateral mesenchymal outpocketings at the end of
the fourth week of gestation. Complete sets of cartilage models
of the pubis and ilium are seen by the end of the 6th week, and
by the end of the 8th week of gestation, a homogenous cartilage
model of both the right and left os coxae, including the ilium,
ischium, and pubis is present [1]. Endochondral ossification of
the ilium begins during the ninth week, with multiple primary
and secondary ossification centers (Fig. 1.2). Haversian bone
remodeling doesn’t begin until late in fetal development, usu-
ally after the 28th week, but the finalization of fetal pelvis
development is highly dependent on mechanical stimulation,
namely gluteal muscle activity and pressure at the femoral head
[2]. After birth, and even through childhood, the three bones of
the coxae remain separated by the triradiate cartilage, which
centers within the cup of the acetabulum.

The development of the sacrum occurs in a rudimentary,
but similar fashion as that of the vertebral column, through
migration, resegmentation, and fusing of sclerotomes begin-
ning in the 4th week of gestation. By the 8th week, the
sacrum and coccyx are recognizable structures, and the four
pairs of sacral foramina are present. Fusion of the coccyx
and the sacrum occur as processes which last throughout
fetal development and early postnatal development, and even
continue into adolescence and young adulthood.

The relationship between the sacrum and pubic bones
forms as a result of a complex process which begins as early
as they can be identified near the 6th week of gestation, with
an “ilio-sacral connector” composed of fibrocytes embedded
within a collagen and elastin matrix cord. The ala of the
ilium rapidly elongates to meet the opposing sacral ala to
unite the appendicular and axial skeletons. The sacroiliac
joint forms uniquely when compared to most joints in the
body, in a process termed secondary joint development,
occurring much later in neonatal development.

The pelvis continues to develop and change throughout life,
with continued ossification and growth during childhood and
puberty. The ala of the ilium grows disproportionately to the
pelvic bodies during the first 8 years of life, and the progression
of sacral kyphosis continues until approximately 14 years of
age when it reaches approximately 25° with an apex at the level
of S3. The rotation and anteroposterior position of the sacrum
relative to the spine and femur, measured by the pelvic inci-
dence (PI), changes in a linear fashion throughout life (Fig. 1.3).

In addition to osteoporotic changes, as the pelvis ages, it
collapses in a cephalo-caudal direction with concurrent wid-
ening of the pelvis in the anteroposterior plane, caused by
posterior migration of the sacrum relative to the femoral
head. The pelvis grows both in width and length during
childhood, but has long been assumed to cease growth with
skeletal maturity. More recent radiographic analyses sug-
gest that the pelvis continues to widen throughout adulthood
at a linear rate of about 1 mm every 3 years measured both
at the trochanters and the iliac wings. Interestingly, the pel-
vic inlet does not change in dimensions over this same time
period, and these observations are consistent in both men
and women.

Site Specific Considerations

The Ossa Coxae

The right and left hip bones, or os coxae, are large irregularly
shaped bones which form the foundation that unites the
upper body with the lower body. Each is derived from the
fusion of three separate bones, the ilium, the ischium, and the
pubis. The fusion of the ilium, ischium, and pubis occurs
during puberty, as the ossification of the triradiate cartilage
molds the acetabulum into a single cohesive cup. The ana-
tomic structures of the ossa coxae are illustrated in Fig. 1.4.
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Fig.1.2 (a) Lower extremity
of an early 6-week embryo,
illustrating the first hyaline
cartilage models. (b, ¢)
Complete set of cartilage
models at the end of the 6th
week and the beginning of the
8th week, respectively

The ilium is the largest and most superior portion of the
coxae. It is composed of a large fan-shaped region, the ala
(wing), and the body of the ilium, to which the fan is attached.
The iliac crest is the most superior portion of the pelvic girdle,
and lies between the anterior superior iliac spine (ASIS), and
the posterior superior iliac spine (PSIS). On the inside surface
the iliac fossa can be found, bordered by the iliac crest superi-
orly, and the arcuate line, or pelvic brim, inferiorly. The poste-
rior portion of the ilium is responsible for articulating with the

llium
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Femur
Pubis
llium

Femur

Fibula

Tarsal cartilages
llium

Ischium

Tarsal cartilages

Metatarsal cartilages

sacrum, at the articular surface, which lies just below the ilial
tuberosity and above the greater sciatic notch.

The ischium is the posteroinferior portion of the coxae
and makes up the posterior wall of the obturator canal. The
body of the ischium attaches to the body of the ilium, and
together they form the majority of the acetabulum and are
responsible for the greatest amount of load bearing and
weight transference associated with the hip joint. The ischial
spine projects from the posterior portion of the body, just
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Fig.1.3 Diagram showing
the sacral slope, pelvic tilt,
and pelvic incidence
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Fig.1.4 Structures and
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0ssa coxae
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below which can be found the lesser sciatic notch. The
ischial tuberosity and ischial ramus project inferiorly from
the body of the ischium, and in turn, communicate with the
pubic ramus to form the obturator canal.

The pubis makes up the last of three portions of the coxae,
lying inferior to the ilium and anterior to the ischium. The body
of the pubis attaches to the anterior portion of the body of the
ilium. The arcuate line of the ilium continues through the pubis
as the pectineal line, or pectin pubis, terminating at the pubic
tubercle. The superior pubic ramus projects inferomedially
from the pubic body to join the contralateral pubis at the pubic
symphysis. The pubis symphysis is a secondary cartilaginous
joint articulating medially at the symphyseal surface of each
pubis. The joint is composed of an interpubic disc, strength-
ened by the superior and inferior pubic ligaments.

Significant differences are observed between men and
women in the overall shape of the ossa coxae, and thus the
pelvis itself (Fig. 1.5). Women tend to have more attenu-
ated contours, less pronounced features and an overall
lighter, more flattened pelvis. The female pelvis generally
exhibits a larger pelvic outlet (distance measured between

Fig. 1.5 Differences between
the male and female bony
pelvis

ischial spines) with a concurrent wider and more circular
pelvic inlet (the shortest distance measured between the
most anterior portion of S1 and the pubis symphysis). The
female ilia and iliac wings fan out laterally more than that
of the male, and as a result do not project as far superiorly,
which results in a lower iliac crest relative to the sacrum.
The angle between the two opposing pubic bones, or pubic
angle, in the female pelvis is much narrower when com-
pared to the male, with pubic angles commonly >100° in
females and <90° in males. Many of these anatomic differ-
ences are a result of adaptations to the physiologic stresses
and loads placed by carrying the fetus during pregnancy as
well as delivery of the fetus during childbirth.

The Sacrum and Coccyx

The sacrum is a large triangular shaped bone that consists of
five individual vertebrae that fuse into a single cohesive unit
early in life. Initially, the individual sacral vertebrae resem-
ble the lumbar vertebrae; however, at the end of the first year
of life ossification of the sacral ala occurs [3]. The process of
sacral vertebral fusion begins during puberty with the lateral

Wider and
broader

Less prominant
ischial spines

Android pelvis
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costal elements, and it is not until the age of 18 that the
vertebral bodies themselves begin to fuse, beginning cau-
dally and advancing cranially [4]. Completion of sacral
fusion does not occur until between the ages of 25 and 33 [5],
and is a direct result of load bearing activity, as paraplegic
children who do not bear weight will retain independent
sacral vertebrae with incomplete fusion [6]. At birth, the
sacral base and lumbar spine are angulated approximately
20° from the vertical axis, however this progresses consis-
tently until it reaches approximately 60—70° in adulthood [4,
7]. The curvature of the sacrum itself is minimal in newborns
but develops into a mean angle of approximately 65° by late
adolescence (measured in the sagittal plane as the angle
between the first and fifth sacral vertebra). The discrepant
relationships that male and female sacrums have to the pelvis
can be almost entirely accounted for by the sacral slope, or
the angle that the fifth lumbar vertebral body rests on the
sacrum, as the sacral curvature does not change significantly
between men and women.

The anterior sacral surface forms a bowl-shaped concav-
ity with four prominent ridges traveling in a transverse direc-
tion, each correlating with a neural foramen on either side
(Fig. 1.6). These ridges are the remnants of the intervertebral
discs that were obliterated in the process of sacral fusion.
The four pairs of sacral foramina reside on either side of the
transverse ridges, and are positioned in an anterolateral
direction to allow the passage of the anterior divisions of
their corresponding sacral nerves and lateral sacral arteries.

The posterior sacral surface forms the reciprocal exterior
bowl shape of the sacrum, inheriting a convex shape and is
primarily involved in muscle attachment for the posterior
thigh and lower back. Similar to the anterior sacral surface,
the posterior surface has a number of ridges that dominate its
topography; however, on the posterior surface these ridges
run longitudinally. The median sacral crest is the most pro-
nounced posterior sacral ridge, a confluence of spinous pro-
cesses most pronounced at the first sacral vertebrae,
diminishing with each level below and absent by the fourth or
fifth sacral vertebrae. On either side of the median sacral crest
are the sacral grooves which are longitudinal indentations
within the underlying sacral laminae, and lateral to these are
the fused articular processes that make up the parallel inter-
mediate crests [4]. Similar to the anterior surface, the poste-
rior surface houses four smaller, less regular pairs of neural
foramina which are all located lateral to the intermediate
crests and contain the posterior divisions of the sacral nerves.
The transverse processes of the sacral vertebrae appear as a
longitudinal series of tubercles lateral to the posterior foram-
ina and are collectively termed the lateral crests. Inferiorly,
the longitudinal crests and grooves of the posterior sacral sur-
face terminate before that of the fused sacral vertebral bodies,
creating an opening referred to as the sacral hiatus. The ante-
rior and posterior sacral anatomy is illustrated in Fig. 1.6.

The coccyx develops as a primitive tail consisting of as
many as ten somites, but regresses in a stepwise caudal to
cranial fashion with resorption of as many as six of the distal
most coccygeal vertebrae, along with their corresponding
nerves and blood vessels [8, 9]. Approximately 75 % of the
population has 4 coccygeal vertebrae with a mean length
between 3.0 and 3.3 cm [10]. Unlike the other named portions
of the human spine, the coccyx has a wide range of “normal”
angulations relative to the vertical axis and sacrum, and dis-
crepant data exists on whether or not women have less of a
curvature than men [11]. Interestingly, although the sacrum
and coccyx both become fused osseous structures by age 30,
the sacrococcygeal joint remains unfused and retains a mean
degree of articulation of 9° in the sagittal plane, as measured
between the standing and sitting position [12], and up to 12.5°
between contraction and relaxation during defecation [13].

The Ligamentous Structure of the Pelvis

The osteologic form of the pelvis provides a tremendously
strong infrastructure for the ligamentous support of the pel-
vis, its contents, as well as the lower extremities and torso
and the forces they each apply. The fascial and ligamentous
elements of the pelvis are composed of collagen and elastin
matrices, as they are elsewhere in the body, and are prone to
changes in relative distribution during pregnancy, matura-
tion, and senescence. These changes often cause an increase
in structural laxity of the pelvic support system, which can
lead to urinary and fecal incontinence, urinary retention and
constipation, and eventually organ prolapse.

Broadly speaking, the pelvis attaches to various ligaments
and fascial layers externally to maintain its anatomic position
relative to the torso and lower extremities, and internally to
maintain the anatomic position of the organs within. The
myofascial and ligamentous superstructure of the anterior
pelvis is intimately associated with the musculature of the
abdominal wall and the adductor muscle groups of the lower
extremities [14]. The myofascial and ligamentous superstruc-
ture of the posterior pelvis contributes to a broader overall
function, with attachments derived from the back and abdo-
men, the lower extremity and even the upper extremity [14].

External Ligamentous Support of the Pelvis

The pubic symphysis is a fibrocartilaginous joint that articulates
between the bilateral pubic bones, and considered by most to
be a static structure, although vertical displacement of up to
2 mm in addition to 1° rotation is commonly observed [14].
The articular surfaces that oppose each other have a thin layer
of hyaline cartilage associated with them, which decreases with
age; however, most do not consider the pubic symphysis to be
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a synovial joint [14]. The joint is reinforced by the superior and
inferior pubic ligaments, as well as the anterior and posterior
pubic ligaments. The anterior pubic ligament splays into an
important aponeurosis that attaches to the rectus abdominis
superiorly and the adductor longus muscle inferiorly.

The sacroiliac joint is a kidney bean shaped bicondylar joint
associated with a multitude of both intrinsic and extrinsic liga-
ments. The anterior surface of the joint is composed of the
smooth sacroiliac joint capsule that is firmly attached to the
iliolumbar ligaments superiorly, and the sacrospinous and
sacrotuberous ligaments inferiorly. The sacroiliac joint is rein-
forced posteriorly by the short posterior sacroiliac ligaments
that span between the posterior superior iliac spine (PSIS) and
the more superior lumbar vertebral spinous processes.

Deep

Posterior {SU erficial
sacrococcygeal P

ligaments
9 Lateral

sacrococcygeal
ligament

Similarly, the long posterior sacroiliac ligaments span between
the PSIS and the more inferior lumbar vertebral spinous pro-
cesses. The multifidus muscle influences the sacroiliac joint’s
motion posteriorly via attachments to the connective tissue
fibers of the gluteus maximus near the midline and the biceps
femoris muscle after it crosses the sacrotuberous ligament [10,
12, 14]. The ligaments of the sacrum are illustrated in Fig. 1.7.

Internal Ligamentous Support of the Pelvis
The internal ligamentous support of the pelvis is essentially

derived from two sources; those associated with individual
muscles of the pelvic floor and those that act as suspensory
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Fig.1.7 Ligaments of the sacrum and pelvis
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ligaments for individual organs. The internal anatomic form
of the pelvis obviously differs a great deal between men and
women with the additional organs and their supporting struc-
tures. The function and integrity of the organs within the pel-
vis rely completely upon the supporting ligaments, fascia
and muscles, and without these structures, “normal” function
would be impossible.

Female Specific Anatomy

Among the more important intrinsic pelvic ligaments involved
in urethral suspension in females are the pubourethral liga-
ment (PUL) and the external urethral ligament (EUL) [15].
The PUL originates from the posterior inferior edge of the
pubis symphysis and splays into a fan-shaped structure to
insert onto the midurethra, pubococcygeus muscle, and vagi-
nal wall [15, 16]. The external urethral ligament, also known
as the anterior pubourethral ligament, helps support the ure-
thral meatus against the anterior surface of the pubic rami,
and continues superiorly to the clitoris and inferiorly to the
PUL [17]. The pubovesical ligament (PVL) serves as the
major structural unit for the anterior wall of the bladder, origi-
nating from the posterior surface of the pubis and inserting
onto the transverse precervical Arc of Gilvernet, a thickened
portion of the PVL that maintains the anterior placement of
the bladder and helps to prevent anterior collapse of the blad-
der wall during micturition [17]. The cardinal ligaments, as
well as the uterosacral ligaments (USL), each attach to the
cervical ring complex from just above the ischial spine, and

Fig.1.8 The internal ligamentous structures of the
female pelvis. PS pubis symphysis, B bladder, U uterus,
USL uterosacral ligament, PCM pubococcygeus muscle,
V vagina, C cervix, LP levator plate, PUL pubourethral
ligament, RVF rectovaginal space, PM muscles of the
perineal membrane, PRM puborectalis muscle, LMA
longitudinal muscle of the anus, PB perineal body, EAS
external anal sphincter

from the overlying fascia of S2-S4, respectively [17], and
help to suspend the vagina and uterus. Additionally, the USL
provides fixation points for the action of the levator plate and
the longitudinal muscle of the anus. The internal ligamentous
structure of the female pelvis is illustrated in Fig. 1.8.

The arcus tendineus fascia pelvis (ATFP) in women is a
critical structure involved in vaginal suspension that has
multiple important components. It is composed of a conflu-
ence of parietal fascia derived from the neighboring pubo-
coccygeus and iliococcygeus portions of the levator ani
mechanism and the obturator internus [18]. It courses along
the pelvic sidewall between its origin approximately 1 cm
lateral to the pubic symphysis. It inserts at each of the ischial
spines, and has been divided into 3 distinct segments: ante-
rior, middle and posterior— with the anterior and middle seg-
ments each approximately 3 cm in length and the posterior
segment approximately 2.5 cm [18].

The most anterior segment attaches to the proximal ure-
thra and anterior vaginal wall, the middle segment attaches to
the anterolateral vaginal wall, and the posterior segment acts
only to anchor the entire structure. The ATFP has two very
important connections that insert at the point between the
middle and posterior segments: the arcus tendineus levator
ani (ATLA) and the rectovaginal fascia. Interestingly, it has
been noted that >96 % of parous women have an avulsion of
the posterior segment of the ATFP from the ischial spines, but
often do not experience prolapse until years later, if at all.

Lateral vaginal fascial attachments to the ATFP ligaments
span the length of the vagina and create a structure akin to a
cloth army cot with metal bars on either side, on top of which
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Fig. 1.9 Anterior, middle, and posterior segments of the ATFP liga-
ment and its actions related to the LP and LMA mechanisms involved
in micturition

the vagina rests. The bilateral ATFP ligaments are critical
structures involved with not only vaginal suspension though,
but indeed total pelvic support, and form anchor points for
the action of multiple force vectors produced by the pelvic
floor musculature, such as the longitudinal muscle of the
anus (LMA) and levator plate (LP). Relaxation of the LMA
and LP mechanisms allow for the ATFP to close the urinary
outflow tract by collapsing the rigid inferior portion of the
trigone against the opposing side of the urethral canal, while
flexion of the LMA and LP mechanisms allow for the open-
ing of the urinary outflow tract by allowing the ATFP to pull
open and splint the urethral canal open using the pubococ-
cygeus muscle (PCM) (Fig. 1.9) [17].

Male Specific Anatomy

In males, the overall mechanism that suspends the urethra is a
complex structure similar to that found in females and formed
by a number of both discreet and visibly indiscreet ligaments
(Fig. 1.10). This structure is a pyramidal shaped band insert-
ing along the lateral aspects of the membranous urethra and
originating from the pubic arch. It is made up of three liga-
ments that are found contiguous with one another: the ante-
rior pubourethral ligament— a facial reflection of the perineal
membrane which also acts partially to suspend the penis, the
intermediate pubourethral ligament—composed of the arcu-
ate and transverse ligaments, and the posterior pubourethral
ligament (or “puboprostatic ligament”) [19]. In addition to a
specific urethral suspensory mechanism, the penis itself has
its own important suspensory ligamentous structure that
maintains its proper position over the pubis, particularly
important during erection and sexual intercourse.

The penile suspensory mechanism is composed of three
individual structures; the penile suspensory mechanism
proper, the fundiform ligament, and the arcuate subpubic
ligament (Fig. 1.11). The penile suspensory ligament proper
spans between the pubis symphysis and the tunica albuginea
which invests the corpus cavernosa [20]. The fundiform liga-
ment is a thin superficial band that courses just anterior to the
penile suspensory ligament proper but does not have a direct
attachment to the tunica albuginea [20], and the arcuate sub-
pubic ligament is a thick triangular arch that lies just poste-
rior, spanning between the two inferior pubic rami underneath
the pubic symphysis [21].

There are both true and false ligaments that support the
bladder and prostate in the male (Fig. 1.12). The lateral true
ligaments are fibroareolar ligaments derived from transver-
salis fascia (otherwise known as the tendinous arch of the
endopelvic fascia) overlying the levator muscles that connect
directly to the external muscular fascia of the bladder. The
posterior vesical ligaments are formed by continuations of
fibrous tissue derived from the posterior vesical venous
plexus located laterally at the base of the bladder and drain
into the internal iliac veins on either side. Similarly, the lat-
eral puboprostatic ligaments also derive from tendinous arch
of the endopelvic fascia derived from the transversalis fascia
and insert onto the fibrous sheath of the prostate. The medial
puboprostatic ligaments run from the inferior portion of the
pubis and insert onto the anterior prostatic fibrous sheath.

The Trigone

The vesical trigone has historically been described as having
embryological origins from the common nephric duct and ure-
ter [22, 23], and possibly the detrusor muscle itself as well [24].
It is composed mainly of smooth muscle and forms a significant
portion of bladder base that spans between the ureteral orifices
and the urethral opening, and continues down the posterior wall
of the urethra all the way to the external urethral meatus.
Although the trigone is identified as a muscular structure, its
action is akin to a rigid structure with more ligamentous proper-
ties than muscular. This rigid structure is then manipulated by
bladder and endopelvic musculature to open the urethral orifice
during micturition events (via the LMA and LP), and close the
urethral orifice during continence (via the PCM) (Fig. 1.9).

Pelvic Myology
Embryologic Considerations
The embryologic development of the pelvic musculature

occurs as a result of a complex orchestrated dance that involves
the spinal column, the lower limbs, the abdominal wall, the
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Fig.1.10 Surgical anatomy of the urethral
sphincter complex. (a) Fixation of the
urethral sphincter; (b) Lateral aspect of the
urethral sphincter after nerve sparing. PPL
puboprostatic ligament, PVL pubovesicalis
ligament, PP puboperinealis muscle, DA PB
detrusor apron, B bladder, FSS fascia of the

striated sphincter, ML Mueller’s ligaments PP
(ischioprostatic ligaments), NVB
neurovascular bundle, R rectum, MDR
medial dorsal raphe, RU rectourethralis
muscle, OI Os ischiadicum, SS striated
sphincter (rhabdosphincter), PB pubis bone
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SS

DA

FSS
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of penis

Ischiocavernosus
muscle

Bulbospongiosus
muscle

Perineal body

Fig.1.11 Penile suspensory mechanism

peritoneal sac, the urogenital system, and the gastrointestinal
tract. Muscular development within the pelvis occurs in a sec-
ondary process related to signaling that is derived from these
many concurrently developing systems, and is largely outside
the scope of this book. That being said, there are a few basic
concepts that will be discussed that can lend to a better under-
standing of normal and variant pelvic anatomy.

Suspensory ligament
of penis

Midline raphe

Superficial transverse
perineal muscle

During the 5th and 6th weeks of embryologic development,
the distal hindgut, or cloaca, forms the allantoic diverticu-
lum, which will later carry the umbilical vessels and eventu-
ally become the median umbilical ligament [25]. The
urorectal septum forms within the dilated terminal hindgut
that separates the cloaca into the ventral urogenital sinus, and
the dorsal rectum.
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Fig.1.12 Ligaments of the male and female pelvis associated with urethral and vesical suspension

During the 8th week, mesenchymal tissue that originates
from the caudal eminence then migrates along the cloacal
membrane to form the superficial perineum and its associ-
ated musculature that derives from the cloacal sphincter and
innervated by the pudendal nerve [26]. This mesenchymal
thickening divides itself into superficial and deep layers,
which will become the superficial perineum and the deep
perineum. The superficial perineum (or superficial perineal
pouch) will later contain the superficial transverse perineal
muscle, the bulbospongiosum, the ischiocavernosus, the
crura of the penis and bulb of the penis in males, and the
crura of the clitoris and vestibular bulbs in the female. The
deep perineum (or deep perineal pouch) will develop into the
external anal sphincter, the deep transverse perineal muscle,
and the membranous (external) urethral sphincter.

After the 12th week, the cloacal sphincter divides into the
ventral sphincter of the urogenital sinus and the more dorsal
external anal sphincter. By the twentieth week, the urogeni-
tal sinus has further developed to include the superficial
peroneal muscles and urethral sphincter, and deep peroneal
muscles and anal sphincter [27]. Importantly, the levator ani
and coccygeus muscles derive from mesenchymal tissue
superior to where the perineum originates, and during
embryonic development they descend into the pelvis.

Individual Considerations

The Psoas Major, the Psoas Minor, and the lliacus

The muscles of the true pelvis do not include the psoas major,
the psoas minor or the iliacus, nor do they include any of the
muscles of the anterior abdominal wall. The psoas major
arises from the lumbar vertebrae, is innervated by the nearby

ventral rami (L1-L3), and can be divided into deep (posterior)
and superficial (anterior) portions. The deep psoas major
originates from the lumbar transverse processes (L1-L4) and
the superficial psoas major originates from the lateral portion
of the vertebral bodies and intervertebral discs at similar lev-
els (T12-L4), with the lumbar plexus running in between.
The psoas minor muscle is a variably present structure in
humans, and lies anterior and medial to the psoas major. It is
a smaller, thinner muscle that follows the psoas major across
the ilium and is innervated by the L1 ventral ramus, however
it most commonly inserts onto the iliopubic eminence,
whereas the psoas major crosses over the iliopubic eminence
to insert onto the lesser trochanter of the femur.

The iliacus muscle is a broad fan-shaped muscle that sits
within the iliac wing. It joins the psoas major muscle to
become the iliopsoas, and also crosses over the iliopubic
eminence to insert on the lesser trochanter. The iliacus is
innervated by the femoral nerve (L2-L3). The psoas major,
the psoas minor, and the iliacus all act as hip flexors to raise
the leg and are illustrated in Fig. 1.13.

The Obturator Internus and Piriformis Muscles

The true pelvis is lined with muscles in much the same way
that the false pelvis is lined by the iliacus and the iliopsoas.
In the true pelvis, it is the obturator internus and the pirifor-
mis that are set against the sidewalls (Fig. 1.14).

The obturator internus is a broad based muscle that origi-
nates from the obturator membrane and surrounding ischium,
travels posterior to cross out of the pelvis at the lesser sciatic
foramen, and inserts onto the greater trochanter of the femur.
Interestingly, this acute right-angle configuration of the obtu-
rator internus muscle belly and tendon is preserved all the
way back to 6-week-old embryos—before even the anatomy
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Fig.1.13 The psoas major, psoas minor, and iliacus muscles

of the pelvic bones is determined [28]. The obturator inter-
nus is innervated by the nerve to the obturator internus,
derived from L5-S1, and acts to laterally rotate the thigh.
The fascia overlying the obturator internus thickens to form
a strong band that spans between the ischial spine and pubis,
known as the arcus tendineus levator ani, (ATLA) which
anchors much of the pelvic diaphragm anteriorly.

The piriformis muscle acts similarly to the obturator inter-
nus muscle. It originates from the anterior and lateral aspects
of the sacrum, with interdigitating fingers along the sacral
foramina. It passes out of the pelvis to cross over the greater
sciatic foramen and insert onto the greater trochanter —mak-
ing it a lateral rotator of the hip as well. Of clinical signifi-
cance, the sciatic nerve passes between the obturator
internus and the piriformis muscles as it exits the pelvis to
course down the posterior thigh, and thus is a possible ana-
tomic area for entrapment (Piriformis syndrome). The piri-
formis nerve is derived from the ventral rami of S1-S2.
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The Pelvic Diaphragm

Just as there are two major muscles that line the pelvic side-
walls, there are two major muscles that make up the floor of
the pelvis, i.e., the pelvic diaphragm. These two muscles are
the coccygeus and the levator ani (which can be divided into
the iliococcygeus, the pubococcygeus, and the puborectalis)
(Fig. 1.15).

The coccygeus muscle makes up the smaller, posterior
portion of the pelvic diaphragm. It is a broad fan-shaped
muscle of the pelvis that originates from the ischial spine and
sacrospinous ligament and inserts onto coccyx and anococ-
cygeal body. The coccygeus muscle is innervated by the ven-
tral rami of S4-S5.

The levator ani is a group of three muscles that com-
prises the majority of the muscular pelvic floor. The first,
the iliococcygeus, is the most posterior of the three and
originates from the medial side of the inferior ischium and
the obturator fascia and runs across the pelvic floor to the
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Fig.1.14 The obturator
internus muscle, piriformis
muscle, quadratus femoris
muscle, and superior and
inferior gemellus muscles

Fig.1.15 The levator ani and
coccygeus muscles
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anococcygeal body and coccyx. The iliococcygeus is com-
monly much less well developed when compared to the
other components of the levator ani, and may be present
only as a thick fibrous band. The pubococcygeus originates
from the posterior inferior portion of the pubis and the
arcus tendineus levator ani, and inserts onto the anococcy-
geal body and coccyx, and represents the majority of the
levator ani musculature. The puborectalis muscle forms a
sling around the rectum which aides in bowel continence. It
originates from the posterior inferior portion of the pubis,
medial to the pubococcygeal origin, and runs along either
side of the rectum to unite with itself on the posterior side
of the rectum.

Additional fibers from the pubococcygeus create sling
mechanisms around the prostate (males) and vagina
(females) and are appropriately termed the puboprostatic

Fig.1.16 The pelvic fascial
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and pubovaginalis muscles. The levator ani complex is
chiefly innervated by the ventral rami of S4-S5, although
it does receive some nerve fibers from the pudendal nerve.

Pelvic Myofascial Support

The fascial superstructure of the pelvis represents a complex
web of fibrous support that derives from the lower extremi-
ties, the muscular torso, and many of the intra-abdominal
organs. The pelvic fascia can be divided into three distinct
substructures—the inner stratum, the intermediate stratum,
and the outer stratum (Fig. 1.16).

The inner stratum is a subperitoneal fibrous layer investing
the gastrointestinal tissue of the rectum. The rectal fascia forms
the anterior lamella of Denonvilliers’ fascia and covers the rec-
tal arteries and nerves. The intermediate stratum is a layer that
is contiguous with the renal fascia (Gerota’s fascia) that has
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contributions from the anterior and posterior lamina of the
renal fascia, the perirenal fat, and the ureteral sheath and con-
tinues inferiorly to make up the vesical and prostatic fascia. In
the female, the intermediate stratum invests the uterus and the
blood vessels supplying the uterus and vagina. The outer stra-
tum consists of the transversalis fascia and its continuation
throughout the pelvis, and is named regionally by the structures
it covers, such as the iliac fascia, the psoas fascia, the iliacus
fascia, the obturator fascia, and the pectineal fascia which con-
tinues down to form the posterior portion of the femoral sheath.

The endopelvic fascia, pelvic diaphragmatic fascia, and the
lateral pelvic fascia are also continuous with the outer stratum,
and thus, the transversalis fascia. This layer also forms the pos-
terior portion of the inguinal ligament and the internal spermatic
fascia. The tendinous arch of the pelvic diaphragm (ATFP) is a
thickened band of fibrous tissue that runs from the pubis sym-
physis to either ischial spine, and is a distinct structure from that
of the tendinous arch of the levator ani, which is a thickening of
the obturator fascia and forms the wall of the ischiorectal fossa.

Peritoneal Reflections in the Male

The superior aspects of the pelvic organs are covered with a
peritoneal lining much like a linen cloth draped over them,
which creates multiple folds and pockets over and in between
important anatomic structures. Deep in the pelvis lies the
rectovesical pouch, commonly termed the ‘“cul-de-sac,”
which is simply the pocket of space that lies between the
bladder and rectum near the level of the seminal vesicles.
The sacrogenital folds extend posteriolaterally from the
bladder to the sacrum, marking the lateral boundary of the
rectovesical pouch. There is a peritoneal depression on either
side of the rectum that extends to the sacrogenital folds, this
space is termed the perirectal fossa (Fig. 1.17).

The peritoneum near the bottom of the rectovesical pouch
fuses early in life, creating a double layer of peritoneum, with
resultant absorption of the peritoneal lining which leaves only
a fibrous extraperitoneal connective tissue continuation that
forms the anterior lamella of Denonvilliers’ fascia.

As the peritoneum continues anteriorly and superiorly from
the seminal vesicles and over the dome of the bladder, it forms
three distinct folds that extend from the anterior abdominal
wall. The median umbilical fold is in the midline and covers
the urachus, which becomes the median umbilical ligament.
Just lateral to this, on either side of the median umbilical fold,
lies the medial umbilical folds that are composed of the oblit-
erated umbilical arteries, and thus travel between the internal
iliac arteries and the umbilicus. The supravesical fossa is
found on either side in between the median and medial umbili-
cal folds. The lateral umbilical folds cover the epigastric ves-
sels and make up the lateral margins of the median umbilical
(paravesical) fossa, with the lateral inguinal fossa on the lat-
eral side (Fig. 1.18).

Peritoneal Reflections in the Female

The peritoneal coverings of the female pelvis are very much
similar to that in the male, with the important differences relat-
ing to the presence of the uterus (Fig. 1.17). The uterus lies
between the bladder and the rectum within the female pelvis,
and thus there is no rectovesical fossa. Rather, there is the
recto-uterine fossa (pouch of Douglas), which is much deeper
than the rectovesical fossa in males, and extends nearly all the
way to the anus. The vesico-uterine fossa is a much less devel-
oped recess between the female bladder and the uterus, and
divided from the recto-uterine fossa by the broad ligaments.

The broad ligaments are covered by peritoneum derived
from both anterior and posterior surfaces of the uterus.

The Perineum

The perineum is the anatomic term for a diamond shaped
region superficial to the pelvic diaphragm that lies between
the ischial tuberosities on either side, the pubis symphysis
anteriorly and the coccyx posteriorly. By definition, the deep
border of the perineum is the fascia of the levator ani. The
perineum is commonly subdivided into anterior and posterior
regions, the urogenital triangle and the anogenital triangle, as
well as deep and superficial compartments. The perineal
membrane divides the superficial and deep compartments.
The urogenital triangle includes all of the structures anterior
to the ischial tuberosities, and the anogenital triangle includes
all of the structures posterior to the ischial tuberosities.

In the male, the deep perineal compartment contains the
deep perineal muscles, external urethral sphincter and the
bulbourethral glands; the superficial compartment contains
the superficial perineal muscles, the ischiocavernosus, the
bulbospongiosus, and the crura and bulbs of the penis
(Fig. 1.19). In the female, the deep perineal compartment
contains the deep perineal muscles, the compressor urethrae
muscle, and the urethrovaginal sphincter; the superficial com-
partment contains the ischiocavernosus, the bulbospongiosus,
the deep perineal muscles as well as the vestibular bulbs,
Bartholin’s glands, and the crura of the clitoris (Fig. 1.20).

The Anogenital Triangle

The anogenital triangle contains the anus, the external anal
sphincter and the ischioanal fossa that lies on either side.
Although there is no consensus on the matter, the external
anal sphincter has historically been divided into three
regions— the subcutaneous region, the superficial region, and
the deep region. More recently, however, the subcutaneous
and superficial regions have been combined, leaving just the
superficial and deep compartments of the external anal
sphincter [29]. The anal sphincter mechanism is composed of
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Fig.1.17 Peritoneal reflections in the male (a) and female (b) pelvis

the external anal sphincter, the internal anal sphincter, and the
puborectalis. The external anal sphincter is innervated by the
pudendal nerve (S2-S4) and is made up of skeletal muscle
under conscious control as well as tonic contraction with
reflex activity as a result of increased intra-abdominal pres-
sure. The details of the anal sphincter physiology and neuro-
modulation will be discussed in detail in a later chapter.

The Male Urogenital Triangle
The urogenital triangle in the male almost exclusively con-

tains the structures associated with the base of the penis—the
bulb and crura of the penis and its associated musculature
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(Fig. 1.19). This includes the structures from the superficial
perineal pouch (superficial perineal muscles, the ischiocav-
ernosus, the bulbospongiosus, and the crura and bulbs of the
penis), and the deep perineal pouch (deep perineal muscles,
external urethral sphincter and the bulbourethral glands).
The fascia overlying the rectus and external oblique muscles
continues into the perineum to become the deep perineal fas-
cia (Gallaudet’s fascia) and is associated with the ischiocav-
ernosus, the bulbospongiosus, and the superficial perineal
muscles and continues further into the penis as the deep fas-
cia of the penis (Buck’s fascia). Similarly, Scarpa’s fascia of
the anterior abdominal wall continues into the perineum,
renamed Colle’s fascia, and further into the penis and scro-
tum as dartos fascia.
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The Female Urogenital Triangle

Just as can be found in the male, the female urogenital tri-
angle is heavily dominated by the structures of the female
genitalia. In addition to the mons pubis, the labia majora
and minora, and clitoris, this includes the structures of the
deep perineal compartment (deep perineal muscles, com-
pressor urethrae muscle, and the urethrovaginal sphincter)
and the superficial perineal compartment (the ischiocaver-
nosus, bulbospongiosus, deep perineal muscles, as well as
the vestibular bulbs and Bartholin’s glands). The female
superficial and deep fascial layers are the same as those
found in the male as described above; however, by conven-
tion they retain the names superficial perineal fascia and
deep perineal fascia.

The Blood Supply of the Pelvis

The bilateral common iliac arteries split from the abdominal
aorta at the fourth lumbar vertebrae to course along the pel-
vic brim underneath the superior hypogastric nerve plexus
and each of the ureters. Most commonly, the right common

iliac artery is longer than the left, as the left internal iliac
artery take-off is sooner than that of the right internal iliac.
The common iliac veins run inferior and medial to their arte-
rial counterparts, with the right common iliac artery coursing
directly superior to the vein after it crosses the midline. The
vascular structures of the pelvis are illustrated in Fig. 1.20).

The internal iliac arteries from either side provide the
great majority of blood flow to the pelvis, and are commonly
described as having anterior and posterior divisions. The
external iliac arteries continue along the pelvic brim and
medial border of the psoas to pass underneath the inguinal
ligament and become the femoral arteries. The spermatic
artery and vein, the vas deferens and the genital branch of the
genitofemoral artery all pass over the external iliac vessels as
they course through the pelvis into the leg. Only two arteries
contributed to the pelvis from the external iliac system— the
inferior epigastric artery of the anterior abdominal wall and
the deep circumflex iliac artery that courses towards the
ASIS to supply the lateral abdominal wall and even gluteal
region. A great deal of variant blood vessel anatomy exists
within the pelvis, and thus, by convention the branches of the
internal iliac artery are named by the structure to which they
travel and feed.
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Internal lliac Vasculature

The internal iliac arteries divide into anterior and posterior
divisions near the greater sciatic notch, with the posterior
division having three main branches and the anterior divi-
sion having three groups of three branches each (9 total).
The divisions of the posterior branch of the internal iliac
artery include the superior gluteal, lateral sacral, and ilio-
lumbar arteries. The branches of anterior division of the
internal iliac artery include three urinary branches (superior
vesical, inferior vesical and the obliterated umbilical artery),
the three visceral branches (middle rectal, and uterine artery
and vaginal branches in the female, and three parietal
branches (obturator, internal pudendal and inferior gluteal).
As a general rule, the venous drainage of the pelvis mirrors

the arterial structure, and the vessels can be found as paired
named vessels—though there tends to be multiple veins for
each named artery.

Pelvic Venous Plexuses

There are a number of venous plexuses within the pelvis that
are associated with either the pelvic viscera or the sacrum
itself. In simple terms, there is a venous plexus associated
with each of the major pelvic structures in both the male and
female that receives blood from the veins of that particular
structure (Fig. 1.21). The uterine, vaginal, and rectal plex-
uses drain into the internal iliac vein; however, these
plexuses have free communications with the vesical and
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retropubic plexuses which drain directly into both the inter-
nal iliac vein and the internal pudendal vein. The larger
prostatic venous plexus (of Santorini) in the male drains
directly into the internal pudendal vein. The rectal plexus
represents an important portosystemic venous anastomosis
between the inferior rectal veins that drain through the iliac
system, and the superior rectal veins that drain through the
portal system.

The Lymphatic Drainage of the Pelvis

Similar to the venous drainage of the pelvis, the lymphatic
drainage of the pelvis tends to follow the arterial inflow for
the structure being drained. This can be simplified by group-
ing the lymph nodes by the major arteries that they follow,
i.e., the common iliac, the external iliac and the internal iliac.
The internal and external iliac lymph node basins drain into
the common iliac lymph node chain, which in turn, drains
into the para-aortic nodes (Fig. 1.22).

The external iliac lymph node chain is divided into three
groups according to its position along the external iliac vessels.
The three groups consist of the external chain, the middle chain
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and the internal chain. The external chain lies lateral to the
external iliac vessels, the middle chain lies anterior to the exter-
nal iliac vessels, and the internal chain lies medial to the exter-
nal iliac vessels. The external chain drains the deep and
superficial inguinal nodes, the glans penis and clitoris, and the
inferior portion of the anterior abdominal wall. The internal
chain shares all of the same major drainage reservoirs with the
external chain; however, it also drains portions of the bladder,
prostate and urethera.

The internal iliac lymph node chain drains into the mid-
dle chain of the external iliac lymph node chain and most
commonly has drainage patterns contiguous with the distri-
bution of the anterior division of the internal iliac artery. The
majority of pelvic lymphatic drainage occurs through this
system.

The common iliac lymph node chain is divided into the
same three groups that the external iliac is divided—the
external chain, middle chain, and internal chain. These
merely represent continuations of the same lymph channels
of the external iliac, with one important difference. The
internal chain receives additional lymphatic drainage from
the bladder neck and prostate in males, and the uterus and
vagina in females.
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The Innervation of the Pelvis

The nerves of the pelvis comprise of a complex network of
somatic spinal nerves and autonomic sympathetic and para-
sympathetic nerve plexuses densely intertwined with each
other and the other structures within the pelvis. In general, the
somatic nerves (lumbar, sacral, and coccygeal plexuses)
innervate the striated voluntary musculature of the pelvis and
lower limb, and transmit sensory information back to the
spinal cord. The sympathetic and parasympathetic nerves
(pelvic splanchnic nerves) provide smooth muscle and glan-
dular innervation via the pelvic, lumbar, and sacral splanchnic
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nerves. Below is a (very) brief overview of pelvic neurology,
as you will find in-depth discussions regarding specific
nerves, muscles and conditions throughout this book as they
pertain to each topic.

Somatic Innervation

The somatic nerves of the pelvis that comprise the sacral
plexus derive from the ventral rami of the L4-5 and S1-4
nerve roots and course across the piriformis muscle and dis-
tribute throughout the pelvis (Fig. 1.23). The sciatic nerve and
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gluteal nerve branches exit the pelvis to innervate the lower
leg and buttocks, respectively. The pudendal nerve (S2-S4)
provides innervation for the skin of the perineum as well as the
pelvic floor musculature. Historically, the pudendal nerve has
also been attributed to at least partially innervating the levator
ani, however, this has recently come into question [26]. The
levator ani is, more definitively, innervated by the sacral nerve
plexus (S2—-S4) and the coccygeus muscle is innervated by the
coccygeal nerve (S4-SS5). The individual branches of the
sacral plexus will be described in detail in later chapters.

Autonomic Innervation

The pelvic autonomic innervation derives from the aortic plexus
which contains both sympathetic and parasympathetic fibers,
and the pelvic splanchnic nerves (S2—-S4) which contain para-
sympathetic and sympathetic fibers (Fig. 1.24). Parasympathetic
fibers (S2—-S4) within the pelvis act to contract detrusor smooth
muscle, stimulate (vasodilate) erectile tissue, and inhibit con-
traction of the internal urethral sphincter and internal anal
sphincter (promote waste excretion). Sympathetic fibers (T5—
L2) within the pelvis act to mediate ejaculation and bulboure-
thral gland secretion (males) or Bartholin’s gland secretion
(females) and contract the internal urethral sphincter and inter-
nal anal sphincter (promote waste storage).

The superior hypogastric plexus is a continuation of para-
sympathetic and sympathetic fibers of the aortic plexus and
resides within the extraperitoneal connective tissue on top of
the sacral promontory and L5 vertebrae. This divides into the

Superior hypogastric
plexus

Hypogastric
nerve

left and right inferior hypogastric nerves which descend into
the pelvis on top of the sacral plexus and piriformis muscle.
The right and left inferior hypogastric nerves then combine
with the pelvic splanchnic nerves and branch to their final des-
tinations. These include the vesical plexus, the uterovaginal
plexus in females and the prostatic plexus in males, ureteric
plexus, testicular plexus (males), and middle rectal plexus.
The sacral nervous plexuses originate within the deep endo-
pelvic fascia and will travel along this plane until closer to its
target organ. Away from the pelvic sidewall, the majority of
sympathetic fibers run just underneath the peritoneum whereas
the parasympathetic fibers and organ specific plexuses lie
within the loose areolar connective tissue (intermediate stra-
tum). Care must be used when performing dissection within
the pelvis, as often the synapses for autonomic innervation of
specific structures lies away from the organ itself.
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Pelvic Floor Physiology: From Posterior
Compartment to Perineal Body
to Anterior Compartment

Shane Svoboda, Daniel Galante, Brian L. Bello,

and David A. Gordon

Introduction

The primary physiologic function of the posterior pelvic
floor is bowel continence and evacuation. The muscles of
the pelvic floor act as both a supportive base for the abdom-
inal viscera and provide mechanisms for continence. The
bony pelvis provides the attachments for these muscles that
surround the external orifices. These muscles are inner-
vated by both the parasympathetic and sympathetic ner-
vous systems.

Dysfunction of the pelvic floor contributes to morbidity
and decreased quality of life in many patients, especially
the geriatric population. Baseline pelvic floor muscle tone
and neurologic integrity both play a role in the mainte-
nance of fecal continence. In addition, there can be varia-
tion in the regulation of stool due to systemic disease,
bowel motility, stool consistency, as well as cognitive and
emotional factors. Understanding the anatomy, innerva-
tion, and reflexes of the pelvic floor and anal sphincters is
the key to assessing disorders of continence and treating
this patient population [1].
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Posterior Pelvic Floor Physiology
Pelvic Floor and Anal Sphincters

The muscular pelvic floor consists of both superficial and
deep muscles, both of which play a role in continence. The
superficial pelvic floor muscles are most relevant to anal
canal function are the (1) external anal sphincter, (2) perineal
body, and the (3) puboperineal transverse muscles, which are
considered. The deep pelvic floor muscles consist of the (1)
pubococcygeus, (2) iliococcygeus, (3) coccygeus, and (4)
puborectalis muscles (Fig. 2.1). These muscles originate at
the pectinate line of the pubic bone and obturator internus
fascia, and insert at the coccyx. The puborectalis muscle may
be more accurately described as located between the superfi-
cial and deep layers. The muscle originates at the inferior
pubic ramus, tracks posteriorly, wrapping around the rectum
as it descends, and attaches to the contralateral pubic ramus.

The internal anal sphincter (IAS) and external anal
sphincter (EAS) are the major constrictors of the anal canal.
The IAS develops from a thickening of the circular colonic
muscle layer (Fig. 2.2). As it progresses distally, it thickens
and develops an increased number of muscle fibers. This
makes the IAS histologically different from the upper
colonic circular muscle layer. Involuntary, autonomic
innervation is divided between sympathetic and parasym-
pathetic nerves. Sympathetic nerves arise from the lower
thoracic ganglia, creating the superior hypogastric plexus.
Parasympathetic innervation arises from sacral nerves 2
through 4, forming the nervi erigentes and the inferior
hypogastric plexus (Fig. 2.3). The IAS maintains a constant
level of tone, preventing fecal incontinence. It is believed
that the interstitial cells of Cajal (ICC) maintain this tone.
Unlike the remainder of the gastrointestinal tract, where the
interstitial cells of Cajal create rhythmic muscle contrac-
tions, studies using imatinib mesylate have shown that the
ICCs create a constant level of tone in the IAS [2].
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Fig.2.1 Pelvic floor (anterior and
posterior). With permission from
Jorge JMN Habr-Gama
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Fig.2.2 Internal and external anal
sphincter. With permission from
Jorge JMN Habr-Gama
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The inferior hypogastric plexus further divides to form the
superior, middle, and inferior rectal nerves. These nerves syn-
apse with the myenteric plexus of the rectal muscle to regu-
late tone. Sympathetic activation, via f-adrenergic receptors,
creates and maintains internal anal sphincter tonicity, and
thus involuntary continence. Parasympathetic innervation uti-
lizes nitric oxide to cause sphincter relaxation [3].

The external anal sphincter (EAS) is comprised of three
(3) muscular layers: (1) subcutaneous layer, (2) superficial
layer, and (3) deep layer (Fig. 2.2). The subcutaneous portion
lies distal to the internal anal sphincter, the superficial sur-
rounds it, and the deep portion merges with the puborectalis
muscle. Some consider the deep portion to be a part of the
puborectalis muscle rather than a muscular component of the
EAS muscle complex [4]. The EAS attaches to the perineal
body and transverse perinei muscle anteriorly, and moves
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posteriorly to attach to the anococcygeal raphae. Laterally
the EAS connects with the transverse perinei muscle. New
MRI/ultrasound work has suggested that the EAS muscle
complex is actually a purse-string morphology, rather than a
“donut” configuration. In this purse-string arrangement, the
EAS musculature continues (with the transverse perinei
muscle) to the contralateral attachment [4]. The concept of
this configuration is further supported by the fact that both
the anorectal angle changes and the coccyx is pulled anteri-
orly during contraction of the external anal sphincter.
Comprised of voluntary muscle fibers with resting tonicity,
the EAS is innervated by sacral motor neurons that arise in
Onuf’s nucleus and travel through the pudendal nerve (S2-
S4). This monosynaptic reflex creates resting sphincter tone.
This tone is abolished with spinal anesthesia and impaired in
disorders such as diabetes. The fact that EAS tone can be over-
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Fig.2.3 Innervation of the posterior pelvic
floor. With permission from Jorge JIMN
Habr-Gama A. Anatomy and Embryology of
the Colon, Rectum, and Anus. In: Beck DE,
Wexner SD, David E. Beck, Steven
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come by spinal anesthesia suggests that there may be a spinal
reflex that helps to maintain external anal sphincter tone, and
thus continence. A study by Broens et al. suggests that, in
addition to previously documented reflexes and autonomic
and somatic innervation, an “external sphincter continence
reflex” exists, due to a spinal reflex that utilizes receptors in
the mucosa and submucosa of the distal anal canal. The con-
cept of this reflex was supported by the knowledge that the
incidence of incontinence increases following mucosectomy
and that patients with high spinal cord injuries (above the level
of T5) can maintain some degree of continence [5].

The pudendal nerve (via S3-S4) innervates the puborectalis
and levator ani muscles. In cases of severe pudendal nerve
injury, such as a traumatic injury, both the EAS and pelvic floor
musculature can be affected and fecal incontinence may result.

The sensory function of the rectum is a very important com-
ponent to consider. This allows for the discrimination of solid,
versus liquid, versus gas components of stool. These specialized
cells and their attendant histologic arrangement are constructed
within the distal rectum. The distal rectum extends from approx-
imately 2.5-15 mm above the anal valves and can sense prick,
light touch, hot and cold. Again, it is this sensory ability that
helps discriminate between gaseous flatus and solid stool.
Above this level, the rectum is only able to sense distention. The
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inferior rectal branch of the pudendal nerve is responsible for
this sensory ability in the lower rectum. Stretch receptors in the
rectal wall and surrounding pelvic fascia, via S2-4 parasympa-
thetic fibers, contribute to higher rectal sensation.

In addition to the musculature and neurologic compo-
nents of continence, the physical orientation of the rectum
and associated pelvic floor muscles creates an orientation,
called the Anorectal Angle that ultimately develops a valve-
like structure, believed to assist in continence. The puborec-
talis muscle, by nature of its attachments, pulls the rectum
anteriorly. This causes apposition of the rectal mucosa. As
intraabdominal pressure increases, pushing down on the rec-
tum and contents, the anorectal angle becomes more acute,
causing a tightening of the valve-structure. This develop-
ment relies on the rectal reservoir to tolerate the rising vol-
ume of fecal material traveling into the rectum. These
complex and mixed voluntary and involuntary movements
facilitate the development of a stripping wave, which moves
the stool from the rectum and relaxes the pelvic floor mus-
cles and the anus resulting in stool evacuation [6, 7].
Figure 2.2 shows the anorectal angle at rest, constriction and
defecation. There comes a point where rectal capacity will
be reached, and overflow incontinence may ensue if defeca-
tion is not initiated voluntarily.
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Anorectal Reflexes

There are multiple reflexes that assist in the maintenance of
continence. The cutaneous-anal reflex is a contraction of the
anal sphincter with scratching of the perianal skin. An S4
sensory and motor efferent and afferent from the pudendal
nerve is responsible for this reflex. Due to the rapid fatigabil-
ity of the anal sphincter, it is important to test this particular
reflex early in sphincter testing proceedings. Patients suffer-
ing from cauda equina syndrome lack this reflex.

The bulbocavernosus reflex is the sensation of pelvic floor
contraction with the squeezing of the glans of the penis or the
clitoris. This reflex is perpetuated through the pudendal
nerve (S2-S4).

The Rectal Anal Inhibitory Reflex (RAIR) is the act of
IAS relaxation in response to distention of the rectum. RAIR
plays an important role in fine adjustments of continence.
The reflex starts with fecal material or flatus coming in con-
tact with sensory receptors in the upper anal canal. These
receptors sample the fecal contents and create a sense of
awareness with regard to the contents (flatus versus stool).
This reflex is responsible for one’s ability to pass flatus and
stool independently. This reflex is absent in patients with
Hirschsprung’s disease, and may be damaged by an over-
generous myotomy in a lateral internal sphincterotomy.
While the relaxation of the IAS is a temporary phenomenon,
thus preventing fecal incontinence, the IAS tone does not
return fully to baseline, but rather a new “plateau pressure”
which continues to maintain contraction of the sphincter
complex [3].

The Rectal Anal Excitatory Reflex, in contrast, is the con-
traction of the EAS in response to rectal distention. This reflex
prevents involuntary fecal incontinence, and is regulated by
the splanchnic nerves (S2-S4 parasympathetic fibers). These
splanchnic nerves may be considered to be associated with the
pudendal nerve and as would follow, a pudendal nerve block
will remove this reflex. The cough reflex is a polysynaptic
reflex that develops in response to a rapid increase in intraab-
dominal pressure. This reflex causes contraction of the anal
sphincters, thus preventing fecal incontinence during cough-
ing, laughing, shouting, or any other activity causing a rapid
increase in intraabdominal pressure.

Pelvic Floor Dysfunction

Physiology of the pelvic floor combines sensory input, ana-
tomical variants, mechanical factors, and reflexes. Correlating
physiologic properties with clinical pathology and patient
symptoms has led to improvements in testing for specific
defects. Pelvic floor dysfunctions (PFD) is common, affect-
ing up to 10-15 % of the population with even higher inci-
dence in women and the elderly, with significant impact on
quality of life, emotional well-being, and ability to actively

participate in society [8]. Etiologic risk factors for PFD
include: (1) vaginal parity, (2) aging, (3) hormonal status, (4)
pelvic surgery, (5) collagen diseases, (6) toilet training before
complete myelination of the spinal tracts, and (7) depression.
Clinical improvement requires a well-thought-out strategy.
Definitive management and complete resolution of inconti-
nence is rare and a combination of treatment options is
essential for improving the quality of life in patients.

As with most clinical pathologies a complete history is
essential in patients with pelvic floor dysfunction. Even more
important is asking the right questions. Detailed questions
about bowel habits may help to differentiate between pelvic
floor dysfunction and other more concerning and immediate
pathology such as obstruction due to cancer. Repeated visits
to the bathroom with incomplete emptying, self-assistance in
defecation with support of the perineum or posterior vaginal
wall, and soiling in the absence of urge incontinence are all
signs of pelvic floor pathology and are more chronic in
nature. In addition, repeated questionnaires can be beneficial
to systematically obtain history as well as provide quality of
life information that may be followed through treatment
modalities. There are multiple fecal incontinence scoring
systems which are used to grade and categorize both the
subjective and objective effects of incontinence.

Patients with pelvic floor dysfunction can usually be
divided into one of two broad categories. The first and largest
group is comprised of parous women suffering from long-term
sequelae of pregnancy and childbirth. The second is men and
nulliparous women who suffer from prior surgical interven-
tion, connective tissue disorders, neuromuscular disorders,
including adult neuromuscular sequelae of Hinman’s syn-
drome or from more psychological and behavioral problems.
The latter group tends to be misdiagnosed with irritable bowel
syndrome (IBS) although significant life events such as physi-
cal or emotional abuse, eating disorders, and other psychologi-
cal stress have been shown to have a strong association with
pelvic floor dysfunction later in life. The most common condi-
tions include constipation, obstructed defecation, fecal incon-
tinence, and pelvic pain. Each of these can be very limiting to
patient’s ability to function normally in the world.

Immediate surgical intervention has lost appeal due to
disappointing long-term improvement and morbidity. The
1980s utilized subtotal colectomy for slow transit constipa-
tion and postanal repair for incontinence. Therapeutic
options have increased in the last decade with sacral nerve
stimulation providing a tremendous option and preventing
the need for a stoma or severely limiting conservative ther-
apy. Surgical correction of rectal intussusception has also
shown improvement in symptoms leading to further study on
a perhaps unrecognized pathogenesis of incontinence.
Providing patients with a multidisciplinary approach has
shown improvements in quality of life. Early conservative
management utilizes the assistance of a pelvic floor physi-
ologist and specialist nurse to correctly diagnose underlying



2 Pelvic Floor Physiology: From Posterior Compartment to Perineal Body to Anterior Compartment 31

pathology. Even after a patient has been diagnosed with a
defecatory problem, conservative treatment (increased
dietary fibers, removal of constipating medications, increased
fluid intake) should be attempted first. If this does not
improve the patient’s condition, then laxatives (both osmotic
and stimulant) should be trialed. If the patient continues to
suffer from dysfunctional defecation, then more testing
should be performed [9]. Surgical input is recommended
early from a colon and rectal surgeon and a radiologist with
expert training in defecography and pelvic anatomy.

Constipation
Chronic constipation can be described as reduced frequency
or difficulty of defecation. There are two major types of con-
stipation: slow transit and outlet obstruction. Slow transit is
associated with decreased motility of fecal material within
the colon. Outlet obstruction occurs when the patient has dif-
ficulty evacuating contents from the rectum. The normal act
of defecation includes performance of a Valsalva maneuver,
with an increase in intra-abdominal and rectal pressures, as
well as relaxation of the rectal and anal sphincters.
Functional constipation is related to slow transit colonic
constipation, which is rather uncommon, and evacuation prob-
lems or a combination in which the motility of the colon slows
over time secondary to difficulty in evacuation. Patients with
slow transit or true colonic motility disorders do not experi-
ence the same urge or call to stool. Bloating, heaviness, and

abdominal discomfort become more apparent. High-grade
internal rectal prolapse has been chronically misdiagnosed as
IBS with delayed surgical consultation. Most patients with a
functional disorder have fecal incontinence, need for digitiza-
tion, incomplete evacuation, and toilet revisiting [1].

There is a potential third type of constipation that is
essentially a combination of anatomic obstructive constipa-
tion and functional constipation. Essentially, this type of
patient exhibits characteristics of both. It is the patient with
levator based hypertonic pelvic floor dysfunction, with the
hypertonicity focused at the level of the “puborectalis mus-
cle.” Here, the hypertonicity of the puborectalis changes the
anorectal angle and makes it more acute thereby creating a
type of anatomic obstructive constipatory effect. This type of
obstruction then can lead to an exaggerated beta III effect
which in turns slows down colonic transit time and further
precipitates constipation (Figs. 2.4, 2.5, and 2.6).

Fecal Incontinence

Fecal incontinence can be described as either associated with
urgency or occur as a passive event. Incontinence is the inabil-
ity to defer the passage of gas, liquid or solid stool until the
desired time. Fecal urge incontinence (FUI or active inconti-
nence) is the loss of stool despite efforts to control it. It may be
associated with inflammatory changes in the rectum such as
prostatitis as well as carcinoma, or may be associated with a
problem with the external anal sphincter. Disastrous events of
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Fig. 2.4 Anorectal angle. Modified from Gianna Rodriguez, John C. King, Steven A. Stiens. Dysfunction and Rehabilitation. http://clinicalgate.

com/neurogenic-bowel-dysfunction-and-rehabilitation/
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Fig.2.5 Perineal body with pelvic floor (anterior and
posterior). Modified from http://teachmeanatomy.info

Fig.2.6 Neuromuscular aspects of voiding
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high volume incontinence can be socially crippling and
associated with high levels of anxiety. Passive Incontinence is
the loss of stool without awareness and is more often a physi-
ologic outcome from a deficient internal anal sphincter or ana-
tomic deformity. True anorectal prolapse or rectal
intussusception results in a variable and unpredictable inconti-
nence often resulting in underwear staining or release of small
pellets rather than high volume. Abnormal rectal sensation can
lead to incontinence due to hyperacute sensation in inflamma-
tory pathology and blunted sensation leading to Overflow
Incontinence.

Mixed symptoms may also occur as a consequence of pas-
sive loss of stool that is retained in the rectum or rectocele as
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aresult of incomplete evacuation. This seems counterintuitive
and results in misdiagnosis with only marginally reduced
sphincter tone. These patients tend to benefit most from lapa-
roscopic ventral rectopexy with improvement in continence.
Anal canal pressure is the major determinant of the
strength of the anal continence mechanism. Pressures can be
measured using anatomic and 