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CHAPTER 2 - THE ANATOMY OF THE PELVIC FLOOR AND SPHINCTERS 

1 Introduction 

 

The pelvic floor supports the visceral organs, is crucial in maintaining continence, 

facilitates micturition and evacuation, and in women forms part of the birth canal. 

This multifunctional unit is a complex of muscles, fasciae and ligaments that have 

numerous interconnections and connections to bony structures, organs and the 

fibroelastic network within fat-containing spaces. A detailed appreciation of the 

pelvic floor is essential to understand normal and abnormal function. The 

embryology of the pelvic floor is included to help explain certain anatomical 

features. 

The anatomy of the pelvic floor is described in an integrated manner, with 

special attention to the connections between structures that are crucial for a proper 

function of the pelvic floor. Apart from line drawings, T2-weighted magnetic 

resonance imaging (MRI) is used to illustrate normal anatomical structures. 

The structure of the pelvic floor and its attachments to pelvic bones are an 

evolutionary adaptation to our upright position, which requires greater support for 

the abdominal and pelvic organs overlying the large pelvic canal opening. The 

initial evolutionary step was the development of a pelvic girdle, as found in 

amphibians, which were the first vertebrates adapted to living on land. The second 

was adaptation of the pelvic floor muscles. Pelvic organ support in early primates 

was controlled by contraction of the caudal muscles pulling the root of the tail 

forward against the perineum. With the gradual introduction of upright posture 

and loss of the tail this mechanism became inadequate, and further adaptive 

changes occurred with the caudal muscles becoming more anterior, extra 

ligamentous support (coccygeus and sacrospinous ligament), and the origin of the 

iliococcygeus muscle moving inferiorly to arise from the arcus tendineus levator ani 

with some associated changes in the bony pelvis (Lansman and Robertson 1992). 

Partial loss of contact of the pubococcygeus with the coccyx led to the development 

of the pubovisceralis (puborectalis). 
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2 Embryology 

The embryology of the pelvic floor and related structures remains unclear and new 

concepts are continually being introduced, e.g. the fusion of the urogenital septum 

and cloacal membrane (Nievelstein et al. 1998). This brief overview may be 

supplemented by more detailed texts (Arey 1966; Hamilton and Mossman 1972; 

Moore and Persaud 1998).  

 

2.1 Cloaca and Partition of the Cloaca 

The earliest stage in the development of the pelvic floor, comprising the urogenital, 

anorectum and perineal regions, is the invagination of the yolk sac 4 weeks after 

fertilization to form the foregut, midgut and hindgut. A diverticulum, the allantois, 

develops from the hindgut. The part of the hindgut connected to the allantois is 

called the cloaca (Figs. 1, 2). The cloaca is joined laterally by the nephric (later 

mesonephric) ducts. At the angle of the allantois and hindgut there is a coronal rim 

of endoderm and mesenchyme proliferation – the urogenital septum (or cloacal 

septum), which develops from the sixth week (Fig. 1). The septum grows in the 

direction of the cloacal membrane while fork-like extensions produce lateral 

cloacal infolding. At the margins of the cloacal membrane, mesenchyme migrates 

from the primitive streak to form lateral (genito- or labioscrotal) folds and a 

midline genital tubercle (precursor of the phallus) (Hamilton and Mossman 1972). 

By the seventh week, the urogenital septum divides the endodermal lined cloaca in 

a larger anterior urogenital sinus (including the vesicourethral canal) continuous 

with the allantois, and a smaller posterior anorectal canal (Bannister et al. 1995). 

The nodal centre of division of the cloacal plate is the future perineal body. A recent 

experimental study demonstrated that the cloacal sphincter muscles develop from 

migrating cells from the embryonic hind limb muscle mass (Valasek et al. 2005). 

 

 17 



CHAPTER 2 - THE ANATOMY OF THE PELVIC FLOOR AND SPHINCTERS 

 18 

Fig. 1. The tail end of a human embryo, about 4 weeks old. Reprinted from Bannister et al. (1995, p. 

206), by permission of Churchill Livingstone 

 

Fig. 2. The caudal end of a human embryo, about 5 weeks old. Reprinted from Bannister et al. (1995, 

p. 207), by permission of Churchill Livingstone 

 



2.2 Bladder 

The cylindrical vesicourethral canal is a part of the primitive urogenital sinus 

superior to the opening of the mesonephric ducts. The canal has a dilated upper 

portion and a relatively narrow lower part, representing the primitive bladder and 

urethra. The upper part of the bladder is continuous with the allantois, which 

regresses early on into the urachus, a fibrous cord attached to the apex of the 

bladder and the umbilicus. The mucosa of the bladder primarily develops from the 

endodermal lining of the vesicourethral canal, the bladder musculature from the 

surrounding splanchnic mesenchyme, and the ureteric orifices from dorsal 

outgrowths of the mesonephric ducts. During the developmental process the 

mesonephric ducts are absorbed into the bladder wall and contribute to the trigone 

(Bannister et al. 1995). 

 

2.3 Urethra 

In women the urethra is derived mostly from its primitive counterpart, whereas in 

men this develops into the superior part of the prostatic urethra extending from the 

internal urethral orifice to the entrance of the common ejaculatory ducts. In men 

the mesonephric ducts also contribute to the proximal urethra. The connective 

tissue and smooth muscle develop from the adjacent splanchnic mesenchyme. Stri-

ated muscle fibres form around the smooth muscle, initially anterior, and later 

encircling the smooth muscle. The epithelium of the remainder of the prostatic and 

the membranous urethra in males is derived from the endoderm of the urogenital 

sinus. Fusion of the urogenital swellings with primary luminization gives rise to 

the penile urethra, whereas the glandular part of the urethra is formed through 

secondary luminization of the epithelial cord that is formed during fusion of the 

arms of the genital tubercle, i.e. the glans. In both fusion processes, apoptosis 

plays a key role (van der Werff et al. 2000). The consequence of fusion of the 

urogenital swellings is that their mesodermal cores unite on the ventral aspect of 

the penile urethra, where they differentiate into the integumental structures. 
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2.4 Vagina 

The paramesonephric ducts play a major role in the development of the uterus and 

vagina. The uterus is formed from the cranial part of the paramesonephric ducts, 

while the caudal vertical parts of the paramesonephric ducts fuse to form the 

uterovaginal primordium (Bannister et al. 1995). From this primordium part of the 

uterus and the vagina develop. The primordium extends to the urogenital sinus and 

at the dorsal wall of the urogenital sinus an epithelium proliferation develops 

(sinovaginal bulb), the site of the future hymen. Progressive proliferation 

superiorly from the sinovaginal bulb results in a solid plate in the uterovaginal 

primordium, which develops into a solid cylindrical structure. It is not clear 

whether this epithelium is derived from the urovaginal sinus or paramesonephric 

ducts. Subsequent desquamation of central cells establishes the central vaginal 

lumen. The tubular mesodermal condensation of the uterovaginal primordium will 

develop into the fibromuscular wall of the vagina. The urogenital sinus 

demonstrates relative shortening forming the vestibule. 

2.5 Anorectum 

The rectum develops from the posterior part of the cloaca, with regression of the 

tail gut (Moore and Persaud 1998). The upper two-thirds of the anal canal is 

endodermal from the hindgut; the lower one-third is epithelial from the 

proctoderm. The proctoderm is formed by mesenchymal elevations around the anal 

membrane, which originate from the primitive streak and migrate between the 

ectoderm and endoderm. The dentate line represents the junction of these epithelial 

and endodermal tissues and is the site of the anal membrane. Inferior to the dentate 

line is the anocutaneous line where there is a transition from columnar to stratified 

keratinized epithelium. At the outer verge, the anal epithelium is continuous with 

the skin around the anus. The arterial, venous, lymphatic and nerve supply of the 

superior two-thirds of the anus is of hindgut origin, compared to the inferior one-

third, which is of proctodermal origin. 
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2.6 Pelvic Floor Muscles 

The pelvic floor comprises several muscle groups of different embryological origin, 

some developing from the cloacal sphincter and others from the sacral myotomes 

(Hamilton and Mossman 1972). The urogenital septum divides the cloacal 

sphincter into anterior and posterior parts. The external anal sphincter develops 

from the posterior part, and the superficial transverse perineal muscle, 

bulbospongiosus and ischiocavernosus from the anterior part (Moore and Persaud 

1998; Hamilton and Mossman 1972), thus explaining their common innervation by 

the pudendal nerve. The levator ani muscle and coccygeus muscle develop from the 

first to the third sacral segments (myotomes) (Hamilton and Mossman 1972). 

2.7 Fascia and Ligaments 

The fascia and ligaments of the pelvic floor arise from the mesenchyme between 

and surrounding the various organ rudiments (Hamilton and Mossman 1972; Arey 

1966). The mesenchyme may develop into either nondistensible or distensible 

fascia (e.g. the visceral peritoneal fascia of the pelvic viscera) (Last 1978). Fascial 

tissues arise from condensations of areolar tissue surrounding the branches of the 

iliac vessels and hypogastric plexuses to the viscera (Last 1978). Genital ligaments 

(e.g. in females broad ligament) develop from loose areolar tissue precursors origi-

nating from the mesenchymal urogenital ridge (Arey 1966). The vagina and uterus 

develop from paired paramesonephric ducts. These ducts, with their mesenterium 

attached to the lateral wall, migrate and fuse medially, carrying the vessels that 

supply the ovary, uterus and vagina. Tissue around these vessels condenses into the 

cardinal and sacrouterine ligaments that attach the cervix and upper vagina to the 

lateral pelvic walls. Fusion of the embryological cul-de-sac creates the single 

layered Denonvilliers’ fascia in men (van Ophoven and Roth 1997). 

2.8 Perineum 

As the cloacal membrane disappears, a sagittal orientated external fissure between 

the labioscrotal folds develops, except where the urogenital septum is fused. This 
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Fig. 3. Diagram of the levator ani showing the pubovisceralis (PV), iliococcygeus (IC), coccygeus 

(C), and the arcus tendineus (AT) arising from the obturator internus (OI) fascia 

 

Fig. 4. Axial oblique T2-weighted turbo spin-echo. Note the attachment of the pubovesicalis (black 

arrows) to the levator ani (open arrows) (U urethra, V vagina, R rectum, S ischial spine, C 

coccygeus). Note the attachment of pubococcygeus to pubic bone (white arrow) 

 



fold, covered by encroaching ectoderm and marked by a median raphe, is the 

primary perineum (Arey 1966). Later in development of male embryos, the perineal 

raphe becomes continuous with the scrotal raphe, the line of fusion of the 

labioscrotal swellings. The perineal body, the tendineus centre of the perineum, is 

formed at the junction of the urogenital septum and the cloacal membrane. 

2.9 Newborn 

The pelvic anatomy is almost complete at birth, although some changes occur from 

birth to adulthood. These relate to organ maturation as well as responses to other 

effects, such as respiration and an increased intraabdominal pressure. Notable are 

the pelvis changing from its funnel shape in newborns, and the straight sacrum 

becoming curved (Lansman and Robertson 1992), and nerve endings at the dentate 

line as part of the continence mechanism developing after birth (Li et al. 1992). 

3 Anatomy 

The pelvic floor is attached both directly and indirectly to the pelvis. Its layers, from 

superior to inferior, are the endopelvic fascia, the muscular pelvic diaphragm, the 

perineal membrane (urogenital diaphragm) and a superficial layer comprising the 

superficial transverse perineal, bulbospongiosus (bulbocavernous) muscle and 

ischiocavernous muscles. The pelvic floor is traversed by the urethra and anal 

sphincters, and in women the vagina. As the majority of patients with pelvic floor 

disorders are women, emphasis will be on the female anatomy. 

Most of the MRI figures in this chapter were obtained at a field strength of 1.5 T 

with phased array coils, and a few with an endoluminal coil (used either 

endovaginally or endoanally), as indicated in the legend. All are T2-weighted 

images (turbo spin-echo sequences), where the bony pelvis exhibits a relatively 

hyperintense marrow with hypointense cortex. Fascia, tendons and striated 

muscles have a relatively hypointense signal intensity. Smooth muscles (e.g. 

internal anal sphincter) are relatively hyperintense. Fat and most vessels are 

relatively hyperintense. 
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Fig. 5. Coronal oblique T2-weighted turbo spin-echo parallel to the axis of the anal canal in a 

woman (I internal anal sphincter, E external anal sphincter, P puborectalis, V vagina). The 

iliococcygeus (open arrows) inserts into the arcus tendineus levator ani (ATLA, curved arrows) 

formed from fascia over the internal obturator muscle (IO) 

Fig. 6. The space of Retzius drawn from a cadaveric dissection. The pubovesical muscle (PVM) is 

shown passing from the vesical neck (VN) to the arcus tendineus fasciae pelvis (ATFP), running over 

the paraurethral vascular plexus (PVP) (ATLA arcus tendineus levator ani, B bladder, IS ischial spine, 

LA levator ani, OIM&F obturator internus muscle and fascia, PS pubic symphysis, U urethra). 

Reprinted from Cardozo (1997, p. 36), by permission of the publisher Churchill Livingstone 



3.1 Pelvic Wall 

The bony pelvic wall is the site of attachment of pelvic floor structures. Pelvic floor 

structures attach directly to bone at the pubic bones, ischial spines, sacrum and 

coccyx and indirectly by fascia. The muscles attached directly to the bony pelvic wall 

are the primary components of the pelvic diaphragm: the anterior part of the levator 

ani (the anterior part of the pubococcygeus muscle, including the pubovisceralis) 

and the coccygeus muscle. The periosteum of the posterior surface of the pubic 

bone at the lower border of the pubic symphysis is the site of origin of the 

pubococcygeus and pubovisceralis muscles (Figs. 3, 4). The tip of the ischial spine 

is the origin of the coccygeus muscle (Figs. 3, 4), which inserts into the lateral 

aspect of the coccyx and the lowest part of the sacrum. The sacrospinous ligament 

is a triangular shaped ligament at the posterior margin of the coccygeus muscle, 

separating the sciatic notch in the greater sciatic foramen, containing the piriformis 

muscle and pudendal nerve, and, together with the sacrotuberous ligament, the 

lesser sciatic foramen, which transmits amongst others the internal obturator 

tendon muscle and the pudendal nerve (Fig. 3). 

The internal obturator muscle forms the major constituent of the pelvic sidewall 

(Fig. 5). It originates from the obturator membrane (covering the obturator 

foramen), the margins of the obturator foramen and the pelvic surfaces of the ilium 

and ischium (Tobias and Arnold 1981). The obturator tendon inserts into the 

greater trochanter of the femur. A tendineus ridge of the obturator fascia, the arcus 

tendineus levator ani, forms the pelvic sidewall attachment for the levator ani (Figs. 

6, 7, 8). The piriformis is a flat triangular shaped muscle arising from the second to 

fourth sacral segments inserting into the greater trochanter of the femur. It lies 

directly above the pelvic floor and is the largest structure in the greater sciatic 

foramen (Fig. 3). The sacral plexus is formed on the pelvic surface of the piriformis 

fascia. The fascia of the pelvic wall is a strong membrane covering the surface of the 

internal obturator and piriform muscles with firm attachments to periosteum (Last 

1978). 
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Fig. 7. Coronal oblique T2-weighted turbo spin-echo posterior to the anal canal of a woman. The 

iliococcygeus part of the levator ani muscle (black arrow) has its origin at the arcus tendineus levator 

ani. The lateral part of the iliococcygeus is relatively thin and membranous (curved arrow) (R rectum, 

V vagina, U uterus, G gluteus maximus) 

Fig. 8. Axial oblique T2-weighted turbo spin-echo in a woman (black arrows pubovesical muscle, U 

urethra, V vagina, R rectum, S pubic symphysis, IO internal obturator muscle, C coccyx, open arrows 

transition between the pubococcygeus (anterior) and iliococcygeus (posterior), at the borders of the 

urogenital hiatus). Note fibres of the iliococcygeus extending towards the pelvic sidewall (small solid 

arrow) 



Fig. 9. Endovaginal coronal oblique T2-weighted turbo spin-echo parallel to the vaginal axis (V vaginal 

wall, B bulbospongiose muscle, long arrow perineal membrane, P pubovisceralis. The levator ani 

(iliococcygeus) (open arrow) has its origin from the arcus tendineus levator ani (curved arrow) formed 

from the fascia of the internal obturator muscle (IO). Note the attachment of the lateral vaginal wall to 

the pubovisceralis. Reprinted with permission from Tan et al. (1998) 

Fig. 10. Endovaginal axial oblique T2-weighted turbo spin-echo in a woman (S pubic symphysis, small 

arrows arcus tendineus fascia pelvis, U urethra, V vaginal wall, A anus, P puborectalis). Reprinted with 

permission from Tan et al. (1998)  
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3.1.1 Tendineus Arcs 

The arcus tendineus levator ani and the arcus tendineus fascia pelvis are oblique 

sagittal orientated linear dense, pure connective tissue structures at the pelvic 

sidewall. These structures have well-organized fibrous collagen, and are 

histologically akin to the tendons and ligaments of the peripheral musculoskeletal 

system. The arcus tendineus levator ani is a condensation of the obturator fascia, 

extending to the pubic ramus anteriorly and to the ischial spine posteriorly. Most of 

the levator ani muscle arises from it (Figs. 5, 6, 9). 

The posterior half of the arcus tendineus fascia pelvis joins with the arcus 

tendineus levator ani, whereas the anterior half has a more inferior and medial 

course than the arcus tendineus levator ani (Fig. 6) attaching to the pubis close to 

the pubic symphysis (DeLancey and Starr 1990) (Fig. 10). 

These tendineus arcs are reinforced by a four stellate-shaped tendineus structure 

originating from the ischial spine (Mauroy et al. 2000), including the tendineus 

arcs, sacrospinous and ischial arch ligaments. The latter is the transition between 

the fascia of the piriform muscle and the pelvic diaphragm. These tendineus arcs 

form the attachment for several structures: the levator ani muscle, endopelvic fascia 

(anterior vaginal wall), pubovesical muscle and other supportive structures. 

3.2 Pelvic Floor 

The pelvic floor comprises four principal layers: from superior to inferior, the 

supportive connective tissue of the endopelvic fascia and related structures, the 

pelvic diaphragm (levator ani and coccygeus muscles), the perineal membrane 

(urogenital diaphragm) and the superficial layer (superficial transverse perineal 

muscle, bulbospongiosus and ischiocavernous muscles). The pelvic floor gives 

active support by the muscular contraction and passive elastic support by fascia and 

ligaments. 
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3.2.1 Supportive Connective Tissue (Endopelvic Fascia) 

The connective tissue of the pelvis and pelvic floor is a complex system important 

for the passive support of visceral organs and pelvic floor. The connective tissue 

comprises collagen, fibroblasts, elastin, smooth muscle cells, and neurovascular 

and fibrovascular bundles (Norton 1993; Strohbehn 1998). The connective tissue is 

present in several anatomical forms (e.g. fascia, ligaments) and levels, constituting 

a complex meshwork (De Caro et al. 1998).  

 

3.2.1.1 Endopelvic Fascia 

The endopelvic fascia is a continuous adventitial layer covering the pelvic 

diaphragm and viscera. This expansile membrane is covered by parietal peritoneum. 

The structure of the endopelvic fascia varies considerably in different areas of the 

pelvis. For example, primarily perivascular connective tissue is present at the 

cardinal ligaments with more fibrous tissue and fewer blood vessels at the rectal 

pillars. The endopelvic fascia envelops the pelvic organs, including the 

parametrium and paracolpium, giving support to the uterus and upper vagina. 

Ligamentous condensations within this fascia are primarily aggregations of 

connective tissue surrounding neurovascular bundles. 

3.2.2 Pelvic Diaphragm 

The levator ani muscle and coccygeus are the muscles of the pelvic diaphragm. The 

pelvic diaphragm acts as a shelf supporting the pelvic organs (Fig. 8). It has been 

described as a basin based on observations at dissection when the muscles are 

flaccid or surgery without normal tone. However, the constant muscle tone of the 

levator ani and coccygeus muscles by type I striated muscle fibres combined with 

fascial stability, results in a dome-shaped form of the pelvic floor in the coronal 

plane, and also closes the urogenital hiatus. This active muscular support prevents 

the ligaments becoming over-stretched and damaged by constant tension 

(DeLancey 1994a). 
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3.2.2.1 Coccygeus Muscle 

The coccygeus arises from the tip of the ischial spine, along the posterior margin of 

the internal obturator muscle (Figs. 3, 4). This shelf-like musculotendinous 

structure forms the posterior part of the pelvic diaphragm. The fibres fan out and 

insert into the lateral side of the coccyx and the lowest part of the sacrum. The 

sacrospinous ligament is at the posterior edge of the coccygeus muscle and is fused 

with this muscle. The proportions of the muscular and ligamentous parts may vary. 

The coccygeus is not part of the levator ani, having a different function and origin, 

being the homologue of a tail muscle (m. agitator caudae). The coccygeus muscle is 

innervated by the third and fourth sacral spinal nerves on its superior surface. 

3.2.2.2 Levator Ani Muscle 

The iliococcygeus, pubococcygeus, and pubovisceralis form the levator ani muscle, 

and may be differentiated by their lines of origin and direction (Fig. 8). The 

iliococcygeus muscle and pubococcygeus muscle arise from the ischial spine, the 

tendineus arc of the levator ani muscle and the pubic bone. 

The iliococcygeus arises from the posterior half of the tendineus arc (Fig. 7) 

inserting into the last two segments of the coccyx and the midline anococcygeal 

raphe. An accessory slip may extend to the sacrum (iliosacralis). The anococcygeal 

raphe extends from the coccyx to the anorectal junction and represents the 

interdigitation of iliococcygeal fibres from both sides (Last 1978). The iliococcygeus 

forms a sheet like layer and is often largely aponeurotic. 

The pubococcygeus arises from the anterior half of the tendineus arc and the 

periosteum of the posterior surface of the pubic bone at the lower border of the 

pubic symphysis, its fibres directed posteriorly inserting into the anococcygeal 

raphe and coccyx. 

The pubovisceralis forms a sling around the urogenital hiatus. The puborectalis 

is the main part of this “U”-shaped sling and goes around the anorectum where it is 

attached posteriorly to the anococcygeal ligament. Other slings have been identified: 

the puboanalis is a medially placed slip from this that runs into the anal sphincter 

providing striated muscle slips to the longitudinal muscle layer. The 
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Fig. 11. Axial oblique T2-weighted turbo spin-echo in a woman (U external urethral meatus, V vagina, 

A anus, P pubovisceralis, white arrows ischiocavernous muscle, IO internal obturator muscle, C 

clitoris). Note the attachment of the vagina lateral walls to the pubovisceralis (open arrow) 

Fig. 12. Diagram of the perineal muscles in a female with the superficial transverse perinei (STP) 

fusing with the external anal sphincter (EAS) and the bulbospongiosus (BS) in the perineal body. The 

ischiocavernosus lies on the side wall of the perineal membrane 
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puboprostaticus in men (or puboperineus) and pubovaginal muscle in women. The 

former forms a sling around the prostate to the perineal body and the latter passes 

along the vagina to the perineal body with attachments to the lateral vaginal walls 

(Sampselle and DeLancey 1998; DeLancey and Richardson 1992) (Figs. 9, 11). Both 

interdigitate widely. Contraction of the pubovisceralis lifts and compresses the 

urogenital hiatus. 

During vaginal delivery the levator ani muscle is under great mechanical stress. 

A computer model study of levator ani stretch during vaginal delivery estimated 

that the different portions of the levator ani muscle stretch up to 326% (Lien et al. 

2004). Recent imaging studies have demonstrated that levator ani muscle injury can 

occur during vaginal delivery (Tunn et al. 1999, Hoyte et al. 2001, Dietz and 

Lanzarone 2005, Kearney et al. 2006). Defects often occur near the origin of the 

muscle at the pubic bone. In the case of the de novo stress urinary incontinence, use 

of forceps, anal sphincter laceration, and episiotomy increased the odds ratio for 

levator muscle injury by 14.7, 8.1, and 3.1-fold, respectively (Kearney et al. 2006). 

The levator ani muscle is innervated from its superior side by the levator ani 

nerve. This nerve originates from sacral segments S3 and/or S4 (Wallner et al. 

2006a, Wallner et al. 2006b). The pudendal nerve has a minor contribution. It only 

innervates the the levator ani muscle (from its inferior surface) in approximately 

50% of the investigated cases (Wallner et al. in print).  

 

3.2.3 Perineal Membrane (Urogenital Diaphragm) 

The perineal membrane, also named the urogenital diaphragm, is a fibromuscular 

layer directly below the pelvic diaphragm. The diaphragm is triangular in shape 

and spans the anterior pelvic outlet, and is attached to the pubic bones (Fig. 12). 

The urogenital diaphragm is crossed by the urethra and vagina. In men it is a 

continuous sheet, whereas in women it is attached medially to lateral vaginal walls. 

Classically it is described as a trilaminar structure with the deep transverse 

perineal muscles sandwiched between the superior and inferior fascia. However, 

the superior fascia is now discounted, and even the existence of the deep transverse 

perinei has been questioned in cadaveric and MRI studies (Oelrich 1983; Dorschner 

 32



Fig. 13. The internal and external urethral sphincteric mechanisms and their locations. The sphincter 

urethrae, urethrovaginal sphincter and compressor urethrae are all parts of the striated urogenital 

sphincter muscle. Reprinted from Cardozo (1997, p. 34), by permission of the publisher Churchill 

Livingstone 

Fig. 14. Urethrovaginal sphincter, compressor urethrae and urethral sphincter (sphincter urethrae). 

Reprinted from Bannister et al. (1995, p. 834), by permission of Churchill Livingstone 
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Fig. 16. Axial oblique T2-weighted turbo spin-echo in a woman (E external anal sphincter, P 

perineal body, V vagina, black arrows bulbospongiosus, open arrows transverse perinei) 

 

Fig. 15. Endovaginal axial oblique T2-weighted turbo spin-echo (black arrows bulbospongiosus, 

open arrows transverse perinei, P perineal body, E external anal sphincter, white arrow insertion of 

the ischiocavernous). Reprinted with permission from Tan et al. (1998) 



Fig. 18. Axial oblique T2-weighted turbo spin-echo in a woman (E external anal sphincter, I internal 

anal sphincter, IA ischioanal space, arrow ischiocavernosus insertion)  

 

Fig. 17. Axial oblique T2-weighted turbo spin-echo in a woman (I internal anal sphincter, M 

mucosa/submucosa, P pubovisceralis, V vagina, black arrows bulbospongiosus, white arrows 

ischiocavernous) 
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et al. 1999). It is likely that these are really muscle fibres from the compressor ure-

thrae and urethrovaginalis part of the external urethral sphincter muscle (Fig. 13, 14) 

(see section 3.4.3 Urethral Support), which lie above the perineal membrane, or 

transverse fibres inserting into the vagina (Oelrich 1983) that can be identified at 

this level on MRI (Tan et al. 1998) (Fig. 9). 

3.2.4 Superficial Layer (External Genital Muscles) 

At the most superficial of the four layers of the pelvic floor lie the external genital 

muscles, derived from the cloacal sphincter, comprising the superficial transverse 

perinei, the bulbospongiosus and the ischiocavernosus (Fig. 12). The former is 

supportive; the other two play a role in sexual function. 

In females, the bulbospongiosus courses from the clitoris along the vestibulum 

to the perineal body (Figs. 12, 16–18). The ischiocavernosus originates from the 

clitoris, covers the crus of the clitoris that has a posterolateral course and 

terminates at the ischiopubic ramus (Figs. 15, 18). Both muscles compress the 

venous return of the clitoris (and crus of the clitoris), leading to erection of the 

clitoris. In males both muscles have a similar erectile function. The male 

bulbospongiosus (bulbocavernous) (Figs. 15–17, 19) covers the bulb of the penis 

and is attached to the perineal body. The male ischiocavernosus covers the crus of 

the penis and, as in the female, terminates at the ischiopubic ramus. The 

bulbospongiosus and ischiocavernosus muscle are innervated by the perineal 

branch of the pudendal nerve (Schraffordt et al. 2004). 

3.2.4.1 Transverse Perineal Muscles 

The superficial transverse perinei span the posterior edge of the urogenital 

diaphragm (Figs. 12, 15, 16, 19, 20), inserting into the perineal body and external 

sphincter. In men this is into the central point of the perineum, with a plane of 

cleavage between this and the external sphincter. There is no such plane in women 

as the fibres decussate directly with the external anal sphincter (Fig. 21). The 

muscles are innervated by the perineal branch of the pudendal nerve (Schraffordt et 

al. 2004). 
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Fig. 20. Endovaginal axial oblique T2-

weighted turbo spin-echo through the 

vaginal introitus. The transverse perinei 

(open arrows) course posterior to the vagina 

and anterior to the external anal sphincter 

(E)  

 

Fig. 19. Endoanal axial oblique T2-weighted turbo spin-echo orthogonal to the axis of the anal canal in 

a male volunteer (inferior to Fig. 30). The mucosa/submucosa is relatively hyperintense (open arrow) 

with hypointense muscularis submucosae ani. The internal anal sphincter (I) is relatively hyperintense 

and forms a ring of uniform thickness. The external sphincter (E) ring is relatively hypointense. In 

between the internal and external anal sphincter is the fat-containing hyperintense intersphincteric 

space with the relatively hypointense longitudinal layer (white arrow). The external sphincter (E), 

transverse perinei (T) and the bulbospongiosus (B) attach to the perineal body (P). Spongiose body of 

the penis (S). The external anal sphincter has a posterior attachment to the anococcygeal ligament (A) 
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3.3 Bladder 

The bladder is the reservoir for urine and crucial for proper lower urinary tract 

function. It lies posterior to the pubic bones, and is separated from the pubic bones 

by the retropubic space (space of Retzius), containing areolar tissue, veins and 

supportive ligaments. The wall has three layers: an inner mucous membrane, a 

smooth muscle layer – the detrusor – and an outer adventitial layer in part covered 

by peritoneum. The lax, distensible mucosal membrane of the bladder comprises 

transitional epithelium supported by a layer of loose fibroelastic connective tissue, 

the lamina propria. No real muscularis mucosae is present. At the trigone of the 

bladder the mucosa is adherent to the underlying muscle layer. Laterally at the 

trigone the ureteric orifices are present, with the ureteric folds. The internal 

urethral orifice is at the apex of the trigone, posteriorly bordered by the uvula in 

men (elevation caused by the median prostate lobe). During distension the trigone 

remains relatively fixed as the dome of the bladder rises into the abdomen. 

3.3.1 Detrusor 

The detrusor is the muscular wall of the bladder. The smooth muscle bundles are 

arranged in whorls and spirals, with the fibres of more circular orientation in the 

middle layer, and more longitudinal in the inner and outer layers. Functionally the 

detrusor acts as a single unit. Some of the outer longitudinal fibres of the detrusor 

are continuous with the pubovesical muscles (ligaments), the capsule of the 

prostate in men and the anterior vaginal wall in women (Bannister et al. 1995). 

Some bundles, the rectovesicalis, are continuous with the rectum. At the trigone 

two muscular layers can be identified. The deep layer is the continuation of the 

detrusor muscle, while the superficial layer is composed of small-diameter bundles 

of smooth muscle fibres, continuous with the muscle of the intramural ureters as 

well as with the smooth muscle of the proximal urethra in both sexes. More recent 

work has shown that the superficial layer constitutes two muscular structures, a 

musculus interuretericus and a sphincter trigonalis or sphincter vesicae (Bannister 

et al. 1995; Dorschner et al. 1999). The latter surrounds the urethral orifice, is 
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reported not to extend into the urethra and a dual role in men is hypothesized: 

preventing urinary incontinence and retrograde ejaculation. 

3.3.2 Adventitia 

The adventitia of the bladder is loose, except behind the trigone. At this site the 

bladder is anchored to the cervix uteri and anterior fornix in women. In men this 

part of the fascia is the upper limit of the rectovesical fascia (fascia of Denonvilliers). 

At the base of the bladder, condensations of areolar tissue envelop the inferior 

vesical artery, lymphatics, nerve supply and the vesical veins, forming the lateral 

ligaments or pillars of the bladder. The upper surface of the bladder is covered by 

peritoneum, while the rest of the bladder is surrounded by areolar tissue. 

3.3.3 Bladder Support 

The bladder is supported by several ligaments and by connections to surrounding 

structures. Anteriorly, the fibromuscular pubovesical muscle (ligament) is a 

smooth muscle extension of the detrusor muscle of the bladder to the arcus 

tendineus fascia pelvis and the inferior aspect of the pubic bone (DeLancey and 

Starr 1990). Based on a cadaver study, others have considered this structure as a 

ligament, anterior part of the hiatal membrane of the levator hiatus (Shafik 1999). 

This muscle is closely related to the pubourethral ligaments in females and 

puboprostatic ligaments in males. The pubovesical muscle (ligament) has been 

identified at MRI and may assist in opening the bladder neck during voiding 

(Strohbehn et al. 1996). Apart from the pubovesical muscle, other condensations of 

connective tissue around neurovascular structures can be found. The bladder neck 

position is influenced by connections between the pubovisceral (puborectal) 

muscle, vagina and proximal urethra. At the apex of the bladder is the median 

umbilical ligament, a remnant of the urachus. Posteroinferior support to the 

trigone in women is given by the lateral ligaments of the bladder, and attachments 

to the cervix uteri and to the anterior vaginal fornix. In men posteroinferior support 

is from the lateral ligaments and attachment to the base of the prostate. The base of 

the bladder rests on the pubocervical fascia, part of the endopelvic fascia, 

suspended between the arcus tendineus fasciae. 
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Fig. 22. Endovaginal axial oblique T2-

weighted turbo spin-echo through the 

superior part of the urethra (white 

arrow pubovisceralis, curved arrow 

urethral supports, R outer striated 

urethral muscle (rhabdosphincter), S 

inner smooth urethral muscle, M 

mucosa/submucosa, V vagina, L 

levator ani muscle, IO internal 

obturator muscle). Reprinted with 

permission from Tan et al. (1998)  

 

Fig. 21. Endovaginal sagittal oblique T2-weighted turbo spin-echo (white arrow pubovesicalis, R outer 

striated urethral muscle (rhabdosphincter), S inner smooth urethral sphincter, M urethral 

mucosa/submucosa, A anus). The transverse perinei (T) and external anal sphincter (E) are part of the 

midline perineal body. Reprinted with permission from Tan et al. (1998) 



3.3.4 Neurovascular Supply 

The innervation of the bladder (detrusor) is complex, involving parasympathetic 

and sympathetic nerve components (Chai and Steers 1997). Sympathetic fibres from 

the hypogastric nerves (lumbar splanchnic, or presacral nerves) reach the bladder 

via the pelvic plexuses. The parasympathetic nerve supply is via the pelvic 

splanchnic nerves (nervi erigentes, S2 to S4) via the pelvic plexuses and innervates 

the detrusor. For the efferent sympathetic innervation there are differences in 

receptors. At the bladder neck and urethra a-adrenergic sympathetic innervation is 

predominant, leading to contraction. At the bladder dome there is predominant b-

adrenergic sympathetic innervation leading to relaxation. Sympathetic stimulation 

from the spinal cord (T10–L2) via the hypogastric plexus with parasympathetic 

inhibition causes relaxation of the bladder dome and neck, with urethral contrac-

tion. In micturition the opposite mechanism, i.e. bladder contraction, relaxation of 

bladder neck and urethra is established by parasympathetic activity and 

sympathetic inhibition. The ultimate control of the lower urinary function is in the 

central nervous system (CNS), including regions in the sacral spinal cord (S2–S4; 

Onuf), pons and cerebral cortex. 

3.4 Urethra and Urethral Support 

The control of micturition depends on a complex interaction between sphincteric 

components of the urethra, supportive structures, and CNS coordination. 

3.4.1 Female Urethra 

The female urethra has a length of approximately 4 cm. The wall of the female 

urethra comprises an inner mucous membrane and an outer muscular coat. The 

latter consists of an inner smooth muscle coat (lissosphincter) and an outer striated 

muscle sphincter (rhabdosphincter) (Figs. 21, 22). This outer striated muscle is 

anatomically separated from the adjacent striated muscle of the pelvic diaphragm. 

On T2-weighted MRI the urethra is seen embedded in the adventitial coat of the 

anterior vaginal wall, which is attached to the arcus tendineus fascia by the 
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endopelvic fascia. In women the urethra is attached anteriorly to the pubic bone by 

the pubovesical ligaments, which are bordered laterally by the pubovaginal muscle 

(Last 1978). 

Urethral closure pressure depends on the resting tone of the smooth and striated 

urethral muscles, and on a process of coaptation of the vascular plexus to form a 

complete mucosal seal.  

3.4.1.1 Urethral Mucosa 

The mucosal membrane of the urethra comprises epithelium and underlying 

lamina propria. The lumen of the urethra at rest is crescentic and slit-like in shape 

in the transverse plane, with a posterior midline ridge (urethral crest, crista 

urethralis). The proximal epithelium of the female urethra is transitional 

epithelium, changing to nonkeratinizing stratified epithelium for the major portion 

of the urethra. At the external meatus the epithelium becomes keratinized and is 

continuous with the vestibular skin. The lamina propria is a supportive layer of 

loose tissue underlying the epithelium and consists of collagen fibrils and 

longitudinally and circularly orientated elastic fibres and numerous veins. The rich 

vascular supply of the lamina propria has a function in urethral closure by 

coaptation of the mucosal surfaces (mucosal seal), a mechanism influenced by 

oestrogen levels. Pudendal nerve branches are found in the lamina propria. Afferent 

pathways transmit the sensation of temperature and urine passage via the pudendal 

nerve. 

3.4.1.2 Smooth Muscle Urethral Coat 

The smooth muscle urethral coat is in the form of a cylinder and present along the 

length of the female urethra. The fibres have a predominantly oblique or 

longitudinal orientation, although at the outer border circularly orientated fibres 

are present that intermingle with the inner fibres of the external urethral sphincter. 

The circular orientation of these fibres and the outer striated muscle suggest a role 

in constricting the lumen at contraction. Strata of connective tissue have been 

described dividing the smooth muscles of the proximal two-thirds of the female 

urethra into three layers and thin fibres of the pelvic plexus course to this part of the 
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urethra (Colleselli et al. 1998). These layers comprise a thin inner longitudinal layer, 

thinning out to the external meatus, a thicker transverse layer and an outer 

longitudinal layer. The smooth muscles have primarily a parasympathetic 

autonomic nerve supply originating from the pelvic plexus. The innervation and 

fibre orientation make a role for this muscle coat during micturition more likely 

than in preserving continence. 

3.4.1.3 External Urethral Sphincter 

The external urethral sphincter has circularly disposed slow-twitch fibres forming a 

sleeve that is thickest at the middle of the urethra (rhabdosphincter). At this level 

the external urethral sphincter is a continuous ring, although it is relatively thin 

and largely devoid of muscle fibres posteriorly (Colleselli et al. 1998) (Fig. 22). This 

is the level of maximal closure pressure. At the superior and inferior part of the 

urethra the external urethral sphincter is deficient posteriorly. The external 

sphincter slow-twitch fibres exert a constant tone upon the urethral lumen and play 

a role in active urethral closure at rest. During raised abdominal pressure additional 

closure force is provided by fast-twitch fibres. There is a close relationship with the 

smooth muscle urethral coat The striated sphincter muscle is closely related to the 

perineal membrane (urogenital diaphragm), and is separate from the adjacent 

striated muscle of the levator ani muscle (Yucel and Baskin 2004). At the distal end 

the rhabdosphincter consists of two additional elements: the compressor urethrae 

and urethrovaginal sphincter. The anatomy of the external urethral sphincter 

muscle was described in detail by Oelrich 1983 (see section 3.4.3 Urethral Support). 

With advancing age, a progressive and age-dependent decrease of the density of 

striated muscle cells can be observed in the external sphincter (Strasser et al. 1999). 

Controversy exists about whether the external urethral sphincter has both a somatic 

and autonomic innervation. The somatic innervation of the external sphincter is 

through the pudendal nerve (second to fourth sacral nerve) (Yucel et al. 2004). 

Whether the autonomic nerve fibres from the pelvic plexus, which innervate the 

smooth muscle of the inner smooth muscle coat, also contribute to the external 

sphincter innervation remains questionable. 
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3.4.2 Male Urethra 

The male urethra extends from the internal orifice (meatus) to the external urethral 

orifice (meatus) beyond the navicular fossa. The length is approximately 18–20 cm. 

In general the male urethra is considered in four parts: preprostatic, prostatic, 

membranous and spongiose. In this chapter on anatomy of the pelvic floor 

emphasis is on the former three as part of the lower urinary tract. 

3.4.2.1 Lining of the Male Urethra 

The preprostatic and proximal prostatic urethra is lined by urothelium that is 

continuous with the bladder lining as well as with the ducts entering this part of the 

urethra (e.g. ducts of the prostate). Below the ejaculatory ducts the epithelium 

changes into (pseudo)stratified columnar epithelium lining the membranous 

urethra and part of the penile urethra. The distal part of the urethra is lined with 

stratified squamous epithelium. 

3.4.2.2 Preprostatic Urethra 

The preprostatic urethra is approximately 1–1.5 cm in length. Superficial smooth 

muscle fibres surrounding the bladder neck are continuous around the preprostatic 

urethra and the prostatic capsule. The smooth muscle fibres surrounding the 

preprostatic urethra form bundles including connective tissue with elastic fibres. 

These bundles have been identified as an internal sphincter at the bladder neck, the 

musculus sphincter trigonalis or musculus sphincter vesicae (Bannister et al. 1995; 

Gilpin and Gosling 1983). The rich sympathetic adrenergic supply of this smooth 

muscle sphincter has been suggested as indicative of a function in preventing 

retrograde ejaculation. 

3.4.2.3 Prostatic Urethra 

The prostatic urethra is embedded within the prostate, emerging just anterior to the 

apex of the prostate. In the posterior midline the urethral crest is present, with the 

verumontanum. At this level the ejaculatory ducts and prostatic ducts enter. The 

lower part of the prostatic urethra has a layer of smooth muscle fibres and is 
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enveloped by striated muscle fibres continuous with the external urethral sphincter 

of the membranous part of the urethra. 

3.4.2.4 Membranous Urethra and Spongiose Urethra 

The membranous urethra extends from the prostatic urethra to the bulb of the 

penis and is approximately 2 cm long. The urethra transverses the perineal mem-

brane with a close relationship with the membrane, especially laterally and 

posteriorly. Under the lining of membranous urethra is fibroelastic tissue that is 

bordered by smooth muscle. This smooth muscle is continuous with the smooth 

muscle of the prostatic urethra. Outside this smooth muscle layer is a prominent 

circular layer of slow-twitch striated muscle fibres, the external urethral sphincter. 

The fibres of the external urethral sphincter are capable of prolonged contraction, 

resulting in muscle tone and urethral closure, important for continence. A study 

using dissection of cadavers and MRI in volunteers has indicated the presence of an 

outer striated muscle and inner smooth muscle part of the rhabdosphincter, 

introducing the terms musculus sphincter urethrae transversostriatus and 

musculus sphincter urethrae glaber (Dorschner et al. 1999). The innervation of the 

external urethral sphincter is from S2 to S4. The spongiose urethra commences 

below the perineal membrane and is within the spongiose body. 

3.4.3 Urethral Support 

Urethral support is complex and not fully elucidated, although importantly more 

insight has been gained in recent decades. In females the urethra is supported by 

numerous structures, including the endopelvic fascia, the anterior vagina and arcus 

tendineus fascia pelvis. The endopelvic fascia (also named pubocervical fascia at 

this location) is attached at both lateral sides to the arcus tendineus fascia pelvis 

(primarily attached to the levator ani muscle as well to the pubic bone) (Fig. 10) and 

superiorly continuous with the sacrouterine and cardinal ligaments. This layer of 

anterior vaginal wall and pubocervical fascia suspended between the tendineus arcs 

at both sides forms a “hammock” underlying and supporting the urethra 

(DeLancey 1994b) (Figs. 6, 23). Contraction of the levator ani muscles elevates the 

arcus tendineus fascia pelvis and thereby the vaginal wall. This leads to 
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Fig. 23. Cross-section of the urethra (U), vagina (V), arcus tendineus fasciae pelvis (ATFP) and 

superior fascia of the levator ani muscle (SFLA) just below the vesical neck (drawn from cadaveric 

dissection). The pubovesicalis (PVM) lies anterior to the urethra, and anterior and superior to the 

paraurethral vascular plexus (PVP). The urethral supports (USu) attach the vagina and vaginal surface 

of the urethra to the levator ani (LA) muscles (MAt muscular attachment) and to the superior fascia of 

the levator ani muscle (FAt fascial attachment) (R rectum, RP rectal pillar, VM vaginal wall 

muscularis). Reprinted from Cardozo (1997, p. 36), by permission of the publisher Churchill 

Livingstone 

compression of the urethra by the hammock of supportive tissue. Close to the 

midline a pair of fibromuscular ligaments – pubourethral ligaments – anchor the 

urethra and vagina (Fig. 24) which can also be visualized using MRI (El-Sayed et al. 

2007). These pubourethral ligaments contain smooth muscle fibres, an inferior 

extension of the detrusor muscle. The ligaments give support to the bladder neck 

and urethra (Papa Petros 1998), and this may be enhanced by contraction of the 

smooth muscle fibres in the ligaments. 

Anterior to the urethra a sling-like structure can be identified (Figs. 4, 8, 21–23, 

25). This structure courses just anterior to the urethra and has lateral attachments 

to the levator ani muscle (Tan et al. 1998; Tunn et al. 2001). This structure has been 

identified as the inferior extension of the pubovesical muscle, originating from the 

vesical neck (Tunn et al. 2001) and has also been named the periurethral ligament 

(Tan et al. 1998). The aspect of the structure resembles the configuration of the 

compressor urethrae (see below), but the pubovesical muscle has a higher position, 

namely at the superior urethra. At high resolution endovaginal MRI, urethral 
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Fig. 24. Schematic representation of the urethra sphincter. Reprinted from Cardozo (1997, p. 35), by 

permission of the publisher Churchill Livingstone

Fig. 25. Endovaginal parasagittal oblique T2-weighted turbo spin-echo parallel to the vaginal axis 

(white arrow pubovesicalis, V vagina). The bulbospongiosus (B) and external anal sphincter (E) course 

to the midline perineal body. Reprinted with permission from Tan et al. (1998) 
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support structures (paraurethral ligaments) originating from the urethra and 

vaginal surface of the urethra seem to attach to this sling-like structure (Fig. 22). 

This structure seems to have an intimate relationship with the inferior urethral sup-

portive structures (Figs. 21, 25). 

The urethra is in females at the level of the pelvic diaphragm bordered by the 

most medial part of the pubococcygeus muscle (i.e. pubovaginal muscle), which 

inserts posteroinferiorly into the perineal body. The pubococcygeus (pubovaginal) 

muscle is not directly attached to the urethra, but with contraction the proximity 

and orientation results in a closing force on the urethral lumen. In males, the 

medial part of the pubococcygeus muscle (puboperineales) has a close relationship 

but no direct attachments to the urethra. Contraction of this muscle has an 

occlusive effect on the urethra to a certain extent and is considered important in the 

quick stop of micturition (Myers et al. 2000). 

At the inferior half of the urethra, the striated muscle of the external urethral 

sphincter exists of two additional elements: compressor urethrae and 

urethrovaginal sphincter (Oelrich 1983) (Fig. 25). These muscleswere previously 

described as part of the deep transverse perineal muscle. The slow-twitch fibres of 

the compressor urethrae insert into the urogenital diaphragm near the ischiopubic 

rami (DeLancey 1986), forming a broad arching muscular sheet with the contralat-

eral counterpart. The most anterior part is in the midline ventral to the urethra. It 

has been described as being below the sphincter urethrae and has been reported to 

be approximately 6 mm wide (Oelrich 1983). The superior edge lies within the 

urogenital hiatus of the pelvic diaphragm and is continuous with the lower fibres of 

the anterior rhabdosphincter. The compressor urethrae compresses the urethra. As 

it is orientated at an angle of 130º to the urethra, it can pull the external meatus 

inferiorly (Oelrich 1983). This, in combination with bladder elevation by other 

pelvic floor structures (levator ani) will elongate the urethra. Visualization of the 

compressor urethrae at MRI is not fully elucidated. A sling-like structure can be 

identified, although this has a relatively superior position and also has been 

identified as the pubovesical muscle (Tunn et al. 2001) (Figs. 4, 8, 21). Other 

striated muscle fibres encircle the vagina, forming the urethrovaginal sphincter 

(Fig. 25). The urethrovaginal sphincter can be identified as a low signal intensity 

fibrous structure at MRI (Tan et al. 1998) (Fig. 26). This structure is a thin flat 
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Fig. 26. Endovaginal axial oblique T2-weighted turbo spin-echo (S pubic symphysis, white arrows

urethrovaginal sphincter, U external urethral meatus, V vaginal wall, P pubovisceralis,

sphincter, IO internal obturator). Reprinted with permission from Tan et al. (1998) 

Fig. 27. Axial oblique T2-weighted turbo spin-echo through the lower edge of the anal sphincter in a 

woman (E external anal sphincter, P perineum, IA ischioanal space, IB ischial bone, G gluteal 

musculature)  

 

 I internal anal 
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muscle up to 5 mm wide that blends anteriorly with the compressor urethrae. 

Posterior fibres may extend to the perineal body. Both the compressor urethrae and 

the urethrovaginal sphincter are variable in form and presence. The distal part of 

the urethra is closely related to the bulbospongiose muscles. MRI studies have 

confirmed the close anterior relationship of the urethrovaginal sphincter and the 

compressor urethrae presenting a more or less anterior sheet (Tan et al. 1998) (Figs. 

21, 24). 

3.5 Uterus and Vagina 

The uterus is a midline visceral organ, pear-shaped and mainly horizontal in 

orientation. The upper two-thirds constitutes the body and the lower one-third the 

uterine cervix. In general, the cervix is tilted forward from the coronal plane 

(anteversion), while the body is slightly flexed on the cervix (anteflexion). The 

uterus is above the pelvic diaphragm. 

The vagina transverses the pelvic floor in a sagittal oblique plane, parallel to the 

pelvic inlet. The vagina is a fibromuscular sheath extending from the uterine cervix 

to the vestibule. The unstretched length is approximately 7.5 cm anteriorly and 8.5 

cm posteriorly. The vagina is lined by stratified squamous epithelium. The mucous 

coat is corrugated by transverse elevations, the vaginal rugae. The walls are 

collapsed with the lumen flattened in the anteroposterior plane (H-shape) in the 

lower third, while the vestibular entrance is a sagittal cleft. The smooth muscle coat 

primarily has a longitudinal and oblique orientation. 

3.5.1 Uterus and Vaginal Support 

Support to the uterus and vagina artificially can be divided into several levels. The 

endopelvic fascia covering the parametrium (broad ligament) is the most superior, 

first layer of pelvic support. The parametrium enveloped by endopelvic fascia gives 

lateral support. At the anterior side of the parametrium the round ligament gives 

accessory support in maintaining anteversion of the uterus. The endopelvic fascia 

covering the parametrium is continuous with the endopelvic fascia supporting the 
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paracolpium and has been indicated as level I vaginal support (DeLancey 1993)

(Figs. 6, 23). 

The second level of support is at the uterine cervix and primarily concerns the 

uterosacral and cardinal ligaments. The uterosacral ligaments are attached to th

posterolateral aspect of the cervix, form the lateral margins of the pouch of Dougla

and insert fan-like at the presacral fascia at the level of the second to fourth sacral 

foramen

 

e 

s 

. The cardinal ligament arises from the area of the greater sciatic foramen 

and courses to the uterine cervix. Both the cardinal and sacrouterine ligaments 

surround the cervix forming a pericervical ring and have attachments to the bladder 

base. The ligaments also envelop the superior part of the vagina. Both ligaments 

a 

uscle 

 by several structures. The cardinal and 
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all to the tendineus arcs at 

both sides forms a supportive “hammock” of vaginal tissue and endopelvic fascia 

he rectovaginal fascia of the rectovaginal septum 

supports the posterior part of the vagina. This septum is a sheet of fibromuscular 
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(DeLancey and Starr 1990; DeLancey 1993, 1994a). This support has been described 

have a vertical orientation, suspending the cervix and upper vagina and act as 

single unit (DeLancey 1994a). The cardinal ligaments comprise perivascular 

connective tissue and the sacrouterine ligaments are predominantly smooth m

and connective tissue (DeLancey and Richardson 1992). 

One level inferiorly, support is given

crouterine ligaments have downward extensions forming the pubocervical fascia 

and rectovaginal fascia, both with attachment to the pelvic side wall (DeLancey 

1988; DeLancey 1994a). These fasciae (all part of the endopelvic fascia) act as a 

single unit, just as the sacrouterine and cardinal ligaments. The fasciae give lateral 

support and have been indicated as level II support (DeLancey 1993). The 

anteromedial part of the vagina is suspended by the pubocervical fascia. This fasc

is embedded with smooth muscles fibres and is attached to the arcus tendineus 

fascia pelvis. The attachment of the anterior vaginal w

underneath the urethra (Fig. 23). T

tissue with an abundant venous supply. The rectovaginal fascia is suspended by 

attachments to the cardinal and sacrouterine ligaments and is laterally attached to 

the superior fascia of the pelvic diaphragm (DeLancey and Richardson 1992). The 

rectovaginal fascia has attachments to the perineal body. The vagina also has later

support from the medial part of the levator ani (level III support), just caudal to the

arcus tendineus fasciae pelvis (Figs. 9, 11), and from the perineal membrane 
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as attachment and has also been identified as a separate part of the levator ani: th

pubovaginal m

e 

uscle. The perineal body and its attachments give inferior support. 

and 

n) is a pyramidal 

fib

he 

point 

he 

3.6 Perineum and Ischioanal Fossa 

The perineum is the region below the pelvic diaphragm extending to the perineal 

skin. The region is bordered from anterior to posterior by the pubic arch, the 

inferior pubic ramus, ischial tuberosity, ischial ramus, sacrotuberous ligament 

the coccyx. Often the term perineum is used in a more restrictive manner, 

indicating the region of the perineal body and overlying skin. 

3.6.1 Perineal Body 

The perineal body (also named the central perineal tendo

romuscular node located at the midline between the urogenital region and the 

anal sphincter. At this centre numerous striated muscles and fascia converge and 

interlace: the longitudinal muscle of the anorectum, the pubovaginal 

(puboprostaticus) part of the pubococcygeus muscle, the perineal membrane, t

superficial transverse perineal muscle, the bulbospongiosus and the external anal 

sphincter (Figs. 15, 16, 19, 21). In men, this structure is more like a central 

and may be named the central perineal tendon. In women the insertion is larger, 

and the imbrication of the muscle fibres is more pronounced; therefore, it is often 

described as the perineal body. The involvement of numerous muscles with their 

attachments to several parts of the pelvic ring (for example, the anal sphincter is 

connected to the coccyx by the anococcygeal ligament) gives the perineal body an 

important function in the complex interaction of the pelvic floor muscles. 

3.6.2 Ischioanal Fossae 

The fat-containing space lying below the levator ani between the pelvic side wall 

and the anus (Figs. 18, 27) is properly termed the ischioanal fossa. The ischioanal 

fossa is a wedge-shaped region, extending from the perineal skin to the under-

surface of the pelvic diaphragm. The base of the fossa is at the perineum and t

apex is superior. The lateral margin is the internal obturator fascia and posteriorly 
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the fossa is bordered by the gluteus fascia. The anterior margin is the perineal 

membrane, with a recess at each side extending anteriorly. The ischioanal fossa is 

lined by the deep perineal fascia. This fascia is attached to the ischiopubic rami, the 

brane and the perineal body. The pudendal 

canal with the pudendal nerve and vessels lies at the lateral wall of the ischioanal 

t of the 

 traverses the 

 the connective tissue within the longitudinal layer 

(conjoined longitudinal coat) (Haas and Fox 1977) (Fig. 28), and permeates through 

 

 

 90º 

angle at the anorectal junction. The inferior rectum has no mesentery but is 

ng lymph tissue (mesorectum) and is bordered by the 

 

posterior margin of the perineal mem

fossa 

3.6.3 Perianal Connective Tissue 

The superficial perineal fascia envelops a pad of fat tissue filling a large par

ischioanal space. A network of fibroelastic connective tissue fibres

perianal fat. This arises from

the sphincters, interlacing with each other as well as with the perimysium and 

endomysium to the pelvic side wall to connect with the caudal levator fascia and to

the perianal skin, thus anchoring the anus within the pelvic cavity. 

3.7 Rectum 

The rectum commences where the taeniae coli fuse to form a continuous 

longitudinal muscular coat. The intraperitoneal rectum is related anteriorly in 

women to the upper vagina and uterus, and in men to the seminal vesicles with the

pouch of Douglas in between. Anterior to the extraperitoneal rectum are the 

posterior vaginal wall and rectovaginal septum in women and the prostate and 

seminal vesicles in men. The ampullary portion of the rectum rests on the pelvic 

diaphragm. At this level the tube turns backward and downward at about a

enveloped in fat containi

mesorectal fascia. The length of the rectum is approximately 12 cm. The rectum has

three lateral curves, the rectal valves of Houston, often two on the left and one on 

the right. 
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Fig. 28. Diagram of the anal sphincter in coronal section showin

the contributions of the longitudinal muscle of the rectum (LMR),

(LM) running between the external anal sphincter (EAS) and th

internal anal sphincter (IAS)  

g 

 

fascia (F) and puboanalis (PA) to form the longitudinal muscle 

e 

 

doanal coronal oblique T2-weighted turbo spin-echo at the midanal canal in a 45-year old 

man (posterior to Fig. 33) (I internal sphincter with some internal haemorrhoids at the upper half of 

the sphincter, LL longitudinal layer in the intersphincteric space, E external sphincter, P pubovisceralis 

(puborectalis), L levator ani (iliococcygeus) muscle). Note the close relationship of the deep part of the 

external sphincter and the puborectalis (curved arrow) 

Fig. 29. En
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3.7.1 Rectal Wall 

The epithelium of the upper rectum is continuous with the colon. The lining 

comprises columnar cells, goblet (mucous) cells and microfold cells overlying 

lymphoid follicles. Within the mucosa are distension-sensitive nerve endings, while 

in the muscular wall nerve endings are more sensitive to the intensity of distension 

(Hobday et al. 2001). The lining is supported by the lamina propria, composed of 

connective tissue. Below this layer are the muscularis mucosae (with longitudinal 

and circular layers) and submucosa. 

The muscularis propria of the rectum comprises an outer longitudinal layer and 

an inner circular layer. This layer is uniform except for some thickening of the 

longitudinal layer anteriorly and posteriorly (anterior and posterior bands). The 

inner circular layer thickens at the anorectal junction, forming the internal 

sphincter. The longitudinal layer continues as the longitudinal layer of the anal 

sphincter. Some anterior fibres of the longitudinal layer run into the perineal body 

as the musculus rectourethralis (Bannister et al. 1995). 

3.7.2 Rectal Support 

The rectum is supported by several condensations of the rectal fascia (ligaments) 

and by the pelvic floor. The rectum is surrounded by fat and the mesorectal fascia. It 

is fixed to the sacrum posteriorly by the presacral fascia (fascia of Waldeyer). Lateral 

condensations of the endopelvic fascia, as also present at the bladder and vagina, 

give lateral support: the lateral rectal ligaments (or pillars). The lateral ligaments 

course from the posterolateral pelvic wall at the level of the third sacral vertebra to 

the rectum. The ligaments have a divergent spiral course, being posterior at the 

rectosigmoid junction and anterolateral at the lower third of the rectum (Muntean 

1999). Within these ligaments run nerves and the middle rectal vessels. The lateral 

ligaments divide the loose connective tissue-containing pelvirectal space in an 

anterior and posterior region. In men, the posterior layer of the rectovesical fascia 

is continuous with the prostatic fascia and the peritoneum of the rectovesical pouch 

(prostatoperitoneal membrane, Denonvilliers’ fascia) giving some anterior support 

(Muntean 1999). In women the rectovaginal fascia gives anterior support. 
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3.7.3 Neurovascular Supply of the Rectum 

ranch 

 

 

 

xtensive anastomosis between the venous 

tri

e 

, 

rtery 

 fibres accompanying the 

inferior mesenteric and superior rectal arteries from the coeliac plexus. 

or) supply is from S2–S4 to the inferior hypogastric plexuses 

he 

striated muscle of the external sphincter. The cranial part of the external sphincter 

The arterial supply of the rectal mucosal membrane is by the superior rectal b

of the inferior mesenteric artery (hindgut artery), with arterial supply also to the

superior anal sphincter. The muscularis propria also receives branches of the 

middle rectal artery, coursing through the lateral rectal ligament. Small branches of

the median sacral artery are also part of the arterial supply of the posterior rectum 

and anorectal junction (Last 1978; Bannister et al. 1995). Venous return follows the

arterial supply, although there is an e

butaries. Lymphatic drainage follows the arterial sources of supply. The superior 

rectal vessels are enveloped in a sheet, the fascia of Waldeyer. There are above th

level of the pelvic floor at both sides of the rectum condensations of areolar tissue

the lateral ligament (pillar). These condensations include the middle rectal a

and branches of the pelvic plexuses. 

The nerve supply of the rectum is by the autonomic system. Sympathetic supply 

is by branches of the superior hypogastric plexus and by

Parasympathetic (mot

by the pelvic splanchnic nerves (nervi erigentes). These fibres give sensory supply 

(crude sensation and pain) and have a role in discriminating between flatus and 

faeces. 

3.8 Anal Sphincter 

The anal sphincter envelops the anal canal, and is tilted anteriorly in the sagittal 

plane with the cranial part forward. The canal is 4–6 cm (average 5 cm) in length 

(Rociu et al. 2000; Beets-Tan et al. 2001). 

The anal sphincter is composed of several cylindrical layers (Fig. 19). The 

innermost layer is the subepithelium that seals off the anal canal (anal cushions) 

(Gibbons et al. 1986). The next layer is the cylindrical smooth muscle of the internal 

sphincter, often separated from the longitudinal layer by a thin fat-containing layer 

that represents the surgical intersphincteric space. The outermost layer is t
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Fig. 30. Endoanal axial oblique T2-weighted turbo spin-echo in a male volunteer (superior to Fig. 18)

(open arrow mucosa/submucosa with hypointense submucosal muscularis ani, I internal anal 

sphincter, white arrow intersphincteric space with the relatively hypointense longitudinal muscle, E 

external sphincter, A anococcygeal ligament). The external anal sphincter shortest longitudinal 

dimension is anterior, and at this level, the ring is incomplete anteriorly (see also Fig. 33)  

 

Fig. 31. Endoanal axial oblique T2-

weighted turbo spin-echo in a 

woman through the lower aspect of 

the external sphincter (arrows) with 

l 

 

a complete anterior ring (I vagina

introitus) 
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has a close anatomical relationship with the puborectalis (Fig. 29). The sphincter is 

surrounded by the ischioanal fossae. The anococcygeal ligament lies posteriorly in 

the midline and attaches the external sphincter to the coccyx (Figs. 19, 30). The 

anococcygeal raphe is situated superior to this ligament. 

3.8.1 Lining of the Anal Canal 

The lining of the anal canal varies according to embryological origin. There is 

variation in the relative contribution between the various linings in individuals and 

a transitional zone is present (Fenger 1988). 

The upper part of the anus is lined by mucosa that is colonic in type. The 

uppermost part still has muscularis mucosae so that there is a true submucosa 

present, but there is no muscularis in most of the canal, so that “subepithelium” is 

used. The mucosa is arranged into six to ten vertical folds, called the anal columns, 

which are separated by grooves (Woodburne 1983). A small crescentic mucous fold, 

the anal valves, join the caudal ends of each column. The submucosal anal glands 

open just above the valves. The valves are situated at the dentate line, which may 

represent the junction of the endoderm and ectoderm (anal membrane), although 

this is disputed. 

The anal cushions are three specialized vascular engorgements of the submucosa 

that act as seals for the anal canal. The lining directly below the anal columns is 

smooth hairless skin of the about 1 cm wide transitional zone, the dentate line. The 

dentate line separates the neurovascular supply of the upper and lower part of the 

anus; above is autonomic, below is somatic. There is a portosystemic venous 

connection at this level. The lining is nonkeratinized cuboidal epithelium and this 

region is richly supplied with sensory nerve endings (both free and organized nerve 

endings), important in the continence mechanism (Fenger 1988). The lowest part 

of the anal canal is lined by keratinized stratified squamous epithelium with 

underlying subcutis with sweet and sebaceous glands similar to and continuous 

with the perianal dermis. 

The muscularis submucosae ani is derived from the longitudinal muscle and 

forms a thin band of smooth muscle in the subepithelial layer. Fibres are orientated 

downwards towards the dentate line and are not seen in the lower canal. 
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3.8.2 Internal Anal Sphincter 

The internal sphincter is the continuation of the circular layer of the muscularis

propria of the rectum. This layer increases in thickness be

 

low the anorectal 

junction to form the circular internal sphincter. The internal sphincter is 

 endoluminal imaging (Rociu et al. 2000) (Figs. 19, 

29, 30). The inferior border of the internal sphincter is approximately 1 cm above 

 a homogeneous, uniform architecture 

(F

n 

r, or both. The width of this space varies considerably. 

3.8.4 Longitudinal La

f the 

and passes through the subcutaneous external sphincter 

as

 1992; 

approximately 2.8 mm thick on

the inferior edge of the sphincter complex (i.e. inferior edge of the external 

sphincter). On MRI with a T2-weighted sequence the internal sphincter appears as 

a relatively hypertense circular structure with

ig. 19). 

3.8.3 Intersphincteric Space 

The intersphincteric space, is the plane of surgical dissection between the 

sphincters. This is presumed to be the thin sheet of fat containing loose areolar 

tissue seen as a bright line on T2-weighted MRI (Figs. 19, 29). It lies either betwee

the internal sphincter and the longitudinal layer, or between this layer and the 

external sphincte

yer 

In the last decade several studies have increased our understanding of the complex 

anatomy of the longitudinal layer (Lunniss and Phillips 1992). The longitudinal 

layer (conjoint longitudinal layer, or longitudinal muscle) is the continuation o

smooth muscle longitudinal layer of the rectum, with striated muscles from the 

levator ani, particularly the puboanalis (Lunniss and Phillips 1992), and a large 

fibroelastic element derived from the endopelvic fascia. 

The layer is 2.5 mm thick (Rociu et al. 2000). Cranially it is predominantly 

muscular, and fibroelastic caudally. The fibroelastic tissue forms a network 

throughout the sphincter, 

 bundles or fibres to insert into the perianal skin. Some fibres running into the 

lower canal have been considered to form the corrugator cutis ani, though this is 

disputed, as is even the existence of any such muscle (Lunniss and Phillips
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Bannister et al. 1995). On T2-weighted MRI the longitudinal muscle layer is seen as 

a relatively hypointense layer within the hyperintense intersphincteric space (Figs. 

le 

e 

). The lateral part of the external sphincter is approximately 2.7 cm high. 

The external sphincter has a thickness of 4 mm on endoluminal imaging. The 

proximately 1 cm beyond the internal sphincter (Figs. 

29, 31–33). The muscle is a striated muscle under voluntary control and comprises 

re 

3). 

e 

boanal) muscle has changed over time (Milligan and 

Morgan 1934; Goligher 1967; Oh and Kark 1972). Some consider the external 

he 

ely the upper outer half of 

th

-form 

i 

19, 29, 30), with its termination into multiple bundles in the lower sphincter visib

on MRI. 

3.8.5 External Anal Sphincter 

The external sphincter envelops the intersphincteric space and represents th

inferior outer aspect of the anal sphincter. The external sphincter is approximately 

2.7 cm high, while it is shorter anteriorly in women, approximately 1.5 cm (Rociu 

et al. 2000

external sphincter extends ap

predominantly slow-twitch muscle fibres, capable of prolonged contraction. The

is with increasing age a shift towards more type II (rapid) fibres (Lierse et al. 199

The action of the external sphincter is voluntary closure and reflex closure of the 

anal canal and it contributes to the sphincter tonus to some extent. 

The concept of the anatomy of the external sphincter with respect to th

pubovisceral (puborectal/pu

sphincter to constitute the complete or largest part of the outer cylinder of the anal 

sphincter. The pubovisceral (puborectal/puboanal) muscle is described as being 

present at the level of the anorectal junction or most superior part of the anal 

sphincter. These concepts are based on findings at dissection and at surgery. 

Imaging studies, especially endoluminal MRI, have supported the concept that t

pubovisceral (puborectal) muscle comprises approximat

e anal sphincter (Hussain et al. 1995; Rociu et al. 2000) (Figs. 29, 34). The 

pubovisceral muscle forms a sling around the upper half. Because of the sling

no striated muscle is present anteriorly at this level. The pubovisceral (puboanal) 

muscle can be separated from the external sphincter muscle on imaging (MRI, 

endosonography) and cadaver studies (Hussain et al. 1995; Rociu et al. 2000; Fucin

et al. 1999) (Fig. 29). 
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Fig. 32. Endoanal axial oblique T2-weighted turbo spin-echo through the lower edge of the internal 

sphincter (I) in a woman at a higher level than Fig. 31 (arrows external sphincter, V vagina) 

Fig. 33. Endoanal coronal oblique T2-weighted turbo spin-echo anterior to Fig. 29, through the 

anterior part of the external anal sphincter. Note that the external sphincter (curved arrows) is shorte

anteriorly than lateral

r 

ly (P pubovisceralis, L levator ani)  
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Fig. 34. Endoanal parasagittal oblique T2-weighted turbo spin-echo in a male volunteer. Note the 

difference in orientation of the external sphincter (E) and pubovisceralis (P) (A anterior, L levator ani) 

Fig. 35. Endoanal axial oblique T2-weighted turbo spin-echo in a male volunteer (superior to Fig. 30) 

(P pubovisceralis, L longitudinal layer, I internal sphincter, U urethra)  



In the literature the external sphincter is often described as subdivided in the 

coronal plane: the subcutaneous, superficial and deep part. However, this concept 

is not supported by all studies and also single-layer and bilayer concepts have been 

described as well as a triple-loop concept (Bannister et al. 1995; Goligher 1967; Oh 

and Kark 1972; Shafik 1975; Garavoglia et al. 1993; Bogduk 1996). MRI studies have 

identified different aspects of the external sphincter at certain levels, which to some 

extent supports a multilayer anatomy (Rociu et al. 2000). Clefts between parts of 

the external sphincter can be identified at MRI in some individuals, although often 

only several bundles (also more than three) can be identified without clear clefts. 

The external sphincter has posterior fibres continuous with the anococcygeal 

ligament. Some of the anterior fibres decussate into the superficial transverse 

perineal muscle and perineal body. The deep part of the external sphincter is 

intimately related to the puborectal muscle (Fig. 29). 

3.8.6 Pubovisceral (Puborectal) Muscle 

The pubovisceral part of the levator ani comprises the puborectalis, and 

pubococcygeus. The pubovisceral (puborectal) muscle is approximately 2.8 cm 

high and 5.6 mm thick when measured on endoanal MRI (Rociu et al. 2000) (Fig. 

29). The sling-like puborectalis has a somewhat tilted transverse orientation with 

the open ends attached to the pubic bone (see section 3.2.2 Pelvic Diaphragm) (Fig. 

35). The puborectalis displays some resting tone, but contracts rapidly in response 

to any sudden increase in intraabdominal pressure to prevent incontinence. The 

urogenital hiatus with urethra, vagina and anus and supportive structures is 

bordered and supported by the puborectalis (see section 3.2.2 Pelvic Diaphragm). 

3.8.7 Anal Sphincter Support 

The anal sphincter has numerous attachments. For anterior support the perineal 

body and its attachments are important, as well as other supportive structures in 

the anovaginal septum in females and the Denonvilliers’ fascia in males. Lateral 

support is given by the levator ani muscle (pubovisceral muscle) and superficial 

transverse perineal muscle. Posterior support is given by the attachment of the 

anococcygeal ligament to the coccyx and superiorly by the continuity with the 
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rectum. The fibroelastic network surrounding and involving the anal sphincte

gives more general support. 

3.8.8 Anal Sphincter Anatomy Variance and Ageing 

Normal variants of anal sphincter anatomy have been identified, such as differing 

relationships between the superficial transverse perineal muscle and the external 

sphincter (Haas and Fox 1977). The inferior edge of the external sphincter may have

a closed circular configuration or may be open anteriorly and posteriorly. After 

trauma (e.g. obstetric), the anal sphincter anatomy may be disturbed without 

clinical symptoms. These findings may possibly be related to late-onset 

incontinence. 

Sex-related differences include a significantly shorter external sphincter in 

women than in men, especially anteriorly. The central

r 

 

 perineal tendon in men is a 

en, it represents an area where muscle 

fibres imbricate. The external sphincter has a more horizontal orientation in 

 external 

 

 anal 

bulbospongiosus muscle, urogenital diaphragm). In men, this structure is more 

 women this insertion is larger, and the imbrication 

r 

central muscular insertion point; in wom

women. In women, the longitudinal muscle terminates just cranial to the

sphincter, whereas in men it extends to the caudal part of the external sphincter.

The superficial transverse perineal muscle is close to the external sphincter, and 

their relationship in the craniocaudal direction is different between the sexes. In 

women, the superficial transverse perineal muscle is directly superior to the 

external sphincter, often with some overlap (Fig. 21). In men, the superficial 

perineal muscle is directly anterior to the external sphincter. The central perineal 

tendon is an insertion common to all the striated muscles, which anchors the

sphincter to the surrounding structures (superficial transverse perineal muscle, 

like a central point, whereas in

of the muscle fibres is more pronounced; therefore, it is often described as the 

perineal body. 

Age-related variations included a significant decrease in the thickness of the 

longitudinal muscle and an increase in the thickness of the internal sphincter in 

both sexes (Rociu et al. 2000). A decrease in the thickness of the external sphincte

in men with age has been demonstrated. In females this is also most likely in 
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normal ageing, however when coinciding with external sphincter defects this m

lead to incontinence. No sign

ay 

ificant age-related differences in the lengths of the 

anal canal, external sphincter, and puborectalis are found. 

3.8.9 Neurovascular Supply of the Anal Sphincter 

ly 

 

osterior anorectal junction (Bannister et al. 1995; Last 1978). Venous 

dr y. 

e 

s. 

of 

 

 into 

g 

 

ic 

es through the inferior pelvic plexus and splanchnic nerves (S2–S4). 

Fo

n) 

 

The arterial, venous, lymphatic and nerve supply of the superior two-thirds of the 

anus (hindgut origin) is different from the inferior one-third (proctoderm origin) 

(Moore and Persaud 1998). The arterial supply of the superior two-thirds is main

by the inferior rectal artery, a branch of the inferior mesenteric artery (hindgut

artery). Small branches of the median sacral artery also are part of the arterial 

supply of the p

ainage is by the superior rectal vein, draining to the inferior mesenteric arter

For the inferior one-third of the anus, arterial supply is by inferior rectal branches 

of the internal pudendal artery and venous drainage by the inferior rectal vein, a 

tributary of the internal pudendal vein draining into the internal iliac vein. Th

submucosa of the anal canal is a junction of the portal and systemic venous system

Longitudinal veins, cross-connecting at the anal valves are connected to the veins 

the transitional zone (dentate or pectineal line) and cutis and to radicles crossing

the anal sphincters forming the inferior and middle rectal veins draining to the 

internal iliac vein and inferior caval vein. Ascending mucosal veins will drain

the superior rectal vein and portal system. 

The lymphatics of the (cloacal) anus primarily follow the supplying and drainin

vessels, especially the superior rectal vessels to the inferior mesenteric nodes. 

Lymphatic drainage of the lowest (proctoderm) part of the anal sphincter is to the

superficial inguinal nodes. 

The autonomic nerve supply of the internal sphincter is by sympathetic fibres 

along the superior rectal artery via the inferior pelvic plexus and parasympathet

(inhibitory) fibr

r the function of the internal sphincter, the enteric plexus and associated 

autonomic and visceral sensory nerves are involved. Afferent impulses (distensio

pass through the parasympathetic nerves and pain impulses through sympathetic 

and parasympathetic nerves (Bannister et al. 1995). The external sphincter has
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nerve supply by the inferior rectal branch of the pudendal nerve (S2, S3) and the 

perineal branch of the fourth sacral nerve (S4). The puborectalis has a dual soma

innervation by the levator ani nerve from its superior surfac

tic 

e (S3/S4) and by the 

pudendal nerve (inferior rectal nerve branch and/or perineal nerve branch). For 

n is partly reflex (e.g. sudden 

proprioceptive fibres. Motor control and sensory input are processed at several 

c 

ervi erigentes) – and the sympathetic 

su

 

f the 

f 

both external sphincter and puborectalis, regulatio

increase in abdominal pressure) and partly voluntary through the visceral and 

somatic afferent and somatic efferent nerves. Important for proper function of the 

anal sphincter is the rich supply of sensory endings at the dentate line and 

levels of the central nervous system. Nerve supply to the superior two-thirds of the 

anal lining is by the autonomic nervous system, for the lower part by the inferior 

rectal nerve. 

3.9 Nerve Supply of the Pelvic Floor 

In this section the main nerve supply of the pelvic floor is described. The specific 

nerve supply for parts of the pelvic floor has been described in the sections describ-

ing these structures. The nerve supply to the pelvic floor and related organs is by 

branches of the sacral plexus – the pudendal nerve (coursing inferior to the pelvi

floor), the levator ani nerve (coursing superior to the pelvic floor) and the 

parasympathetic pelvic splanchnic nerves (n

pply by the hypogastric nerve. Higher regulating levels of the central nervous 

system (e.g. pontine micturition centre, cerebral cortex) are crucial for proper 

function of the pelvic floor. 

3.9.1 Somatic Nerve Supply

The pudendal nerve supplies the majority of the somatic innervation of the pelvic 

floor region. The pudendal nerve courses through the greater sciatic foramen, 

travelling dorsal to the ischial spine to the pudendal canal at the lateral side o

ischiorectal fossa (Colleselli et al. 1998). At the level of the pelvic floor the pelvic 

floor divides into the inferior rectal nerve, the perineal nerve and the dorsal nerve o

the clitoris/penis. These branches give motoric supply to the the pelvic floor 
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muscles and sphincters and additionally have a sensory contribution. The levator

ani muscle is mainly innervated by the levator ani nerve on its superior surface 

(S3/S4). The pudendal nerve only has a contribution in approximately 50% of cas

(Wallner et al. 2006a, Wallner et al. 2006b, Wallner et al. submitted). 

3.9.2 Autonomic Nerve Supply 

The pelvic parasympathetic supply (pelvic splanchnic nerves or nervi erigentes) 

arises from S2–S4. The sympathetic nerves arising from T10–T12 course through

the sympathetic chain and preaortic plexus (superior hypogastric plexus) to the 

hypogastric nerve which subsequently approaches the pelvic plexus. Together, 

these parasympathetic and sympathetic nerves form the autonomic nerve plexus in

the small pelv

 

es 

 

 

is (pelvic plexus or inferior hypogastric plexus). 

The pelvic plexus is a coarse, flat meshwork, enlarged in places by ganglia 

rgans. It stretches from an area anterolateral 

to the rectum, passes the cervix and the vaginal fornix laterally and extends to the 

der and 

ctile 

ation. Sympathetic denervation can result in a bladder 

d a high storage pressure. In addition, sympathetic 

nerve injury may cause bladder neck incompetence and incontinence. Disruption of 

ual 

 

3).  

and is situated laterally to the pelvic o

lateral vaginal wall and the base of the bladder. The course of the nerve plexus 

through the small pelvis follows the connective tissue plane which supports the 

uterine cervix, vagina and bladder (Maas et al, 1999).  

The pelvic plexus is the pathway for sympathetic and parasympathetic 

nerves supplying the rectum, uterus, vagina, vestibular bulbs, clitoris, blad

the urethra. The superior hypogastric plexus and hypogastric nerves are mainly 

sympathetic and the pelvic splanchnic nerves are mainly parasympathetic. In 

urinary function, parasympathetic injury produces a hypocontractile or acontra

bladder with decreased sens

with decreased compliance an

the autonomic nerves to the rectum would result in colorectal motility disorders 

(Maas et al, 1999). Moreover, the autonomic nerves are essential to a normal sex

function. Disruption of the sympathetic nerve supply to the pelvic plexus could lead

to disturbed ejaculation in men and impaired vaginal lubrication in women. 

Damage to the parasympathetic nerve supply could lead to erectile dysfunction in 

men and to impairment of the vasocongestion response in women (Maas 200
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