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CHAPTER 1 

 

 

GENERAL INTRODUCTION AND 

SCOPE OF THE THESIS 
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The pelvic floor plays an important role in the maintenance of urinary and fecal 

continence and pelvic organ support [1-5]. Pelvic floor dysfunction is a big public 

health problem, because as many as 10% of all women may suffer from pelvic floor 

dysfunction that requires surgery [6;7]. In the United States alone, almost 300.000 

operations for pelvic organ prolapse and stress urinary incontinence (SUI) are 

performed each year [8;9]. 

 Anatomically, the pelvic floor is a complicated part of the human body and 

much of its anatomy is controversial. Without a clear understanding of the anatomy, 

the understanding the continence function of the pelvic floor and the consequences 

of pelvic organ prolapse (POP) is even more problematical and may explain why 

almost 30% of the operations performed for incontinence and POP are re-

operations [6]. These data indicate that pelvic floor dysfunction is a prevalent and 

disabling condition with suboptimal treatment. These facts, and our limited 

scientific understanding of the cause of dysfunction, show that new structural and 

functional insights are necessary to optimize prevention and treatment [7]. 

 Vaginal delivery is believed to be a major cause of pelvic floor dysfunction 

[1-5]. In agreement, modeling studies have shown that the passage of the baby’s 

head through the birth channel can stretch the pelvic floor muscles to such an 

extent that damage occurs [10-13]. Although some of these modeling studies were 

based on incorrect anatomical assumptions, several studies have demonstrated 

with the help of imaging techniques that vaginal delivery can cause damage to the 

levator ani muscle (LAM), the main pelvic floor muscle [14-19].  

 Not all women with pelvic floor dysfunction have a visible LAM defect. 

This demonstrates that, in addition to muscle, other structures within the pelvic 

floor, such as its nerve supply or the connective tissue that connects the pelvic 

organs with the pelvic floor can be affected. The nerve supply to the LAM has been a 

matter of controversy. Many medical texts, anatomical atlases and review articles 

state that the pelvic floor muscles are innervated by the pudendal nerve [e.g. 20]. 

However other studies have demonstrated that the LAM is innervated by direct 

branches of the third and fourth sacral motor nerve roots and not by the pudendal 

nerve [21].  
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Scope of the thesis 

In this thesis several controversial anatomical issues concerning the pelvic floor 

have been investigated using serial sections of human fetuses and adults, 3D 

reconstruction, (immuno)histochemistry and conventional dissection. Chapter 2 

gives an introduction into the anatomy of the pelvic floor muscles, with an 

emphasis on its presentation in MRI. Chapters 3 to 5 concern the nerve supply to 

the levator ani muscle. In Chapter 3 the innervation of the levator ani muscles by 

means of the “levator ani nerve” is described in female fetuses and adults. 

Additionally, its topographical relationship to the pudendal nerve is studied. In 

Chapter 4 the contributions of both the levator ani nerve and the pudendal nerve to 

the innervation of the levator ani muscles is investigated. The results demonstrated 

that the levator ani nerve always innervates the levator ani muscles, whereas a 

contribution of the pudendal nerve is seen only in 50% of the specimens. The 

damage to the levator ani nerve, which can be incurred during rectal cancer surgery, 

as a determining factor in the development of fecal and urinary incontinence was 

studied in Chapter 5. The results of Chapter 2 to 4 demonstrate that the levator ani 

muscle has a dual innervation, with the main contribution by the levator ani nerve 

and that this nerve is prone to damage during pelvic surgery. In Chapter 6 the 

anatomical components of urinary continence are investigated, with an emphasis 

on the striated external urethral sphincter muscle and its topographical relation to 

the levator ani muscle. The main finding of the study is that the inferior part of the 

external urethral sphincter muscle is attached to the levator ani muscle in the 

female. In Chapter 7 describes the smooth levator hiatus muscle. This smooth 

muscle anchors the pelvic organs to the levator ani muscle at the level of the levator 

hiatus.  Finally, in Chapter 8 the new findings investigated in this thesis are 

discussed in the context of incontinence and pelvic organ prolapse. 
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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). 
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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. 

 19 
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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)  

 27



CHAPTER 2 - THE ANATOMY OF THE PELVIC FLOOR AND SPHINCTERS 

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 

 31 



CHAPTER 2 - THE ANATOMY OF THE PELVIC FLOOR AND SPHINCTERS 

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 
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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 

sa

ia 

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 

al 

 

(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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CHAPTER 3 - INNERVATION OF THE PELVIC FLOOR MUSCLES: THE LEVATOR ANI NERVE 

 

Abstract 

Objective: A recent study, published in this journal suggested that a transvaginal 

pudendal nerve blockade selectively affects the pudendal nerve without blocking 

the direct sacral branches to the levator ani muscle (the levator ani nerve, LAN). To 

test this claim, we investigated the clinical anatomy of the LAN and its 

topographical relationship with the pudendal nerve. Furthermore, a mock 

transvaginal pudendal blockade was carried out.    

Methods: Ten female pelves were dissected and a pudendal nerve blockade was 

simulated. The course of the LAN and pudendal nerve was described quantitatively. 

The anatomical data were verified using (immuno-)histochemically stained 

sections of human fetal pelves. 

Results: The LAN approaches the pelvic-floor muscles on their visceral side. Near 

the ischial spine, the LAN and the pudendal nerve lie above and below the levator 

ani muscle, respectively, at ~6 mm distance from each other. The median distance 

between the LAN and the point of entry of the pudendal blockade needle into the 

levator ani muscle was only 5 mm.  

Conclusions: The LAN and the pudendal nerve are so close at the level of the ischial 

spine that a transvaginal ‘pudendal nerve blockade’ would in all probability block 

both nerves simultaneously. The clinical anatomy of the LAN is such that it is prone 

to damage during complicated vaginal childbirth and surgical interventions.  
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Introduction 

The innervation of the pelvic floor remains controversial. Many well-regarded 

medical texts and review articles state that the pelvic floor muscles are innervated 

both by the pudendal nerve and by direct branches of the third and fourth sacral 

motor nerve roots (1). Such direct branches are more prone to damage during 

childbirth or surgical interventions. To test whether the pudendal nerve does 

indeed innervate the levator ani muscle, the effect of a pudendal nerve blockade on 

pelvic floor muscle function was recently reported in this journal (2). A blockade 

with 10 ml lidocain of the pudendal nerve of nulliparous asymptomatic women 

without anal or urinary incontinence decreased intravaginal pressure, increased the 

length of the urogenital hiatus, and decreased electromyography activity of the 

puborectalis muscle. The authors therefore concluded that these results provide 

strong evidence that the pudendal nerve innervates the levator ani muscle (2). We 

would like to challenge their conclusions. Direct branches from S3 to S5 which lie 

on the visceral side of the pelvic floor and which are completely independent of the 

pudendal nerve have unambiguously been documented (3). In anatomical 

textbooks this direct innervation is termed the ‘nerve to the levator ani’ or ‘levator 

ani nerve’ (LAN) (4;5). We hypothesized that the anatomical relationship between 

the LAN and the pudendal nerve in the area of the ischial spine is so close that a 

pudendal nerve blockade affects both the pudendal nerve and the LAN. We, 

therefore, investigated the topography of the LAN from the perspective of 

obstetricians and gynecologists. We measured the distance between the LAN and 

pudendal nerve in the area of the ischial spine and positioned a mock pudendal 

nerve block to assess whether such a block can also affect the LAN. To verify our 

anatomical conclusions, we also studied (immuno-) histochemically stained 

sections of human fetal pelves. 

 

Materials and Methods 

Ten pelves of female cadavers without signs of pelvic surgery were dissected. The 

women were all post-menopausal. The cadavers were preserved by injection of 

embalming fluid in the femoral artery, consisting of a mixture of formaldehyde, 

ethanol, glycerin, phenol, K2SO4, Na2SO4, NaHCO3, NaNO3, and Na2SO3. All pelves 

were transected midsagittally. The distal rectum was carefully detached from the 
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Figure 1. Schematical overview of the measurements taken in the female pelves. A. Superior view 

into the lesser pelvis. B. Enlarged view of frame in panel. 1, the shortest distance from the LAN to 

the midsagittal plane at the level of the ischial spine; 2, the shortest distance from the LAN to the tip 

of the coccyx measured perpendicular to the midsagittal plane; 3, the shortest distance from the 

point of entry of the main branch of the LAN into the levator ani muscle to the midsagittal plane; 4, 

the shortest distance from the ischial spine to the LAN, measured perpendicular to the midsagittal 

plane; 5, the shortest distance between the pudendal nerve and the LAN at the level of the ischial 

spine; 6, the shortest distance between the LAN and the point of penetration of the needle through 

the levator ani muscle during a mock transvaginal pudendal nerve blockade; 7, the shortest 

distance between the point of entry of the main branch of the LAN into the levator ani muscle and 

to the point where the LAN passes the ischial spine. C, coccyx; CM, coccygeal muscle; IS, ischial 

spine; LAM, levator ani muscle; LAN, levator ani nerve; OIM, obturator internus muscle; PM, 

piriformis muscle; PN, pudendal nerve; PS, pubic symphysis; R, rectum; S, sacrum; S1, S2, S3, 

sacral nerve trunks 1 to 3; U, urethra; V, vagina; X, point of needle penetration through the levator 

ani muscle during mock pudendal nerve blockade. The interrupted lines represent the pudendal 

nerve inferior to the coccygeal and levator ani muscle. Note that the distance between the point of 

needle injection and the ischial spine is approximately 8 mm. 

pelvic floor to expose the sacral plexus, the pudendal nerve and the LAN. The 

pudendal nerve was also dissected by a gluteal approach. The topographical 

relationship between the pudendal nerve and the LAN in the area of the ischial 

spine was systematically studied. A mock transvaginal ‘pudendal blockade’ was 
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positioned in the specimens by an experienced clinician (CPM) following 

guidelines of standard clinical practice (2). The needle was inserted transvaginally 

through the pelvic floor approximately 8 mm medial to the ischial spine to a depth 

of 1 cm. No anesthetic fluid was injected. 

After dissection, the following measurements were taken (Fig. 1): 

1. The shortest distance from the LAN to the midsagittal plane at the level of the 

ischial spine.  

2. The shortest distance from the LAN to the tip of the coccyx measured 

perpendicular to the midsagittal plane.  

3. The shortest distance from the point of entry of the main branch of the LAN 

into the levator ani muscle to the midsagittal plane. 

4. The shortest distance from the ischial spine to the LAN, measured 

perpendicular to the midsagittal plane.  

5. The shortest distance between the pudendal nerve and the LAN at the level of 

the ischial spine. A needle was inserted through the LAN and levator ani 

muscle until the tip of the needle became visible from an inferior view and 

touched the pudendal nerve. The length of the injected part of the needle was 

measured. 

6. The shortest distance between the LAN and the point of penetration of the 

needle through the levator ani muscle during a mock transvaginal pudendal 

nerve blockade. 

7. The shortest distance between the point of entry of the main branch of the LAN 

into the levator ani muscle and to the point where the LAN passes the ischial 

spine. 

Results are presented as median and 95% confidence intervals (95% CI). 

 To further help characterize the anatomical relationship of the LAN and 

the pudendal nerve we also studied (immuno-) histochemically stained sections of 

human fetal pelves. The fetuses were obtained after legal abortion and the study 

was approved by the medical-ethical committee of the Leiden University Medical 

Center. Two female fetal pelves (female, 14 & 19 weeks of gestation) were stained 

for the presence of striated muscle tissue, using a monoclonal antibody directed 

against myosin heavy chain (Upstate, clone A4.1025), and for the presence of nerve 

 79



CHAPTER 3 - INNERVATION OF THE PELVIC FLOOR MUSCLES: THE LEVATOR ANI NERVE 

 

Figure 2. The course of the levator ani nerve on the pelvic floor. A. Overview of a pelvis in which the 

main branch of the LAN (arrowheads) courses on the levator ani muscle in the direction of the pubic 

symphysis before entering the puborectalis portion of the muscle. B. Detail of the pelvis shown in 

panel A. C. Overview of a pelvis in which the main branch of the LAN (arrowhead) enters the levator 

ani muscle at the level of the ischial spine. D. Detail of the pelvis shown in panel C. BL, bladder; 

LAM, levator ani muscle; R, rectum; S, sacrum; V, vagina; PS, pubic symphysis. In all images a 

white pinhead marks the position of the ischial spine. 

tissue, using a polyclonal antibody directed against neurofilament 68 kD 

(Chemicon, AB1983), as well as with haematoxylin-azophloxine.  

To verify the data obtained from these two fetuses, we also undertook 

investigations on existing fetal pelvic sections from the collections of the 

departments of Anatomy & Embryology, Leiden University Medical Center and 

from the Academic Medical Center, Amsterdam. These  

fetuses (11 females and 7 males, ranging from 65 mm CRL (10 weeks of gestation) 

to 260 mm CRL (27 weeks of gestation) were stained with haematoxylin and either 

azophloxine or eosin. Three-dimensional reconstructions were prepared using the 

Amira software package (version 3.0, TGS Template Graphics Software, 

http://www.tgs.com).    
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Figure 3. Topographical relation between the levator ani nerves and pudendal nerves.  

Immunohistochemically stained transverse sections of a 19-weeks old female pelvis just caudal to 

the ischial spine. Note that parts of the pelvic bone became detached during the staining procedure. 

A. Overview of striated muscles, with the arrowheads showing the ventral and dorsal borders of the 

levator ani muscle. Bar = 1 mm. B. Magnification of frame in panel A, showing the dorsal part of the 

levator ani muscle. Bar = 0.2 mm. C. Serial section stained for neural tissue and showing the 

branches of the levator ani nerve (arrowheads) and the pudendal nerve (arrows). Bar = 0.2 mm. I, 

Ischium; LAM, levator ani muscle; OIM, obturator internus muscle; R, rectum; U, urethra; V, 

vagina. 

  

Results 

The LAN originated from sacral foramina S3 and/or S4. Its trajectory is on the 

visceral surface of the coccygeal and levator ani muscles and was situated 45 mm 

(95% CI: 40 – 49 mm) lateral to the midsagittal plane at the level of the ischial 

spine, 45 mm (95% CI: 35 – 50 mm) lateral to the tip of the coccyx and 8 mm (95% 

CI: 3 – 20 mm) medio-caudal to the ischial spine. The main branch of the LAN 

entered the levator ani muscle at the level of the ischial spine in four pelves, in six 

pelves it continued its course further on the visceral surface of the muscle in the 

direction of the pubic symphysis to enter the muscle in its puborectalis portion 48 

mm (95% CI: 36 – 60 mm) distal to the point of passage of the ischial spine and 40 

mm (95% CI: 18 – 60 mm) lateral to the midsagittal plane (Fig. 2). In all cases the 

LAN was covered by the pelvic parietal fascia. 

 The pudendal nerve by contrast coursed behind the sacrospinous ligament 

and the overlying coccygeal muscle before passing around the ischial spine. In the 

area of the ischial spine, the distance between the pudendal nerve and LAN 
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Figure 4. The levator ani nerve, innervating the levator ani muscle on its visceral side. A. Transverse section 

(stained with haematoxylin-azophloxine) of an 11-weeks old male fetus showing the LAN (arrowheads) on 

the visceral side of the levator ani muscle. Bar = 0.2 mm. B. Frontal view of three-dimensional 

reconstruction of the levator ani and pudendal nerves and levator ani muscle of a 14-weeks old female 

fetus. Note the close topographical relationship of the LAN (arrowhead) and the pudendal nerve (arrow) at 

the level of the ischial spine (asterisk). Bar = 1 mm. EAS, external anal sphincter; LAM, levator ani muscle; 

R, rectum; S, sacrum; SN, sciatic nerve; SP, sacral plexus. 

 

(positioned inferior and superior to the levator ani muscle, respectively) was 6 mm 

(95% CI: 4 – 11 mm). The tip of the needle, inserted during the mock pudendal 

nerve blockade maneuver, effectively reached the pudendal nerve in all specimens. 

The distance between the LAN and the passage of the needle through the levator ani 

muscle was 5 mm (95% CI: 1 – 8 mm).  

In the fetuses the close topographic relationship of the LAN and the 

pudendal nerve as found in the adult specimens could be confirmed and elegantly 

demonstrated using nerve and striated muscle specific immunohistochemistry (Fig. 

3). 

, originating from the third and/ or fourth sacral foramen and inner

the levator ani muscle on its visceral side, was  

demonstrable in female as well as male fetal pelves (Fig. 4A). Figure 4 B shows the 

cour

 The LAN vating 

se of the nerves in a female fetal pelvis in a three-dimensional reconstruction.  

 

erve blockade’. We have documented that the LAN lies only 8 mm medio-caudal 

from the ischial spine and that the shortest distance between the pudendal nerve 

 

Discussion 

Our study provides strong and objective evidence that both the levator ani nerve and

the pudendal nerve can be simultaneously blocked by a transvaginal ‘pudendal 

n
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and the LAN at the level of the ischial spine is only 6 mm. This close relationship is 

f 10 

. 

ed 

ral 

ature 

transvag

acral 

ed 

fluenced 

efore an underestimate. As the pelvic 

floor, bo

also demonstrable in the fetal sections. Since the 95% CI of the distance between 

the penetrating needle and the LAN ranges from 1 – 8 mm, while the injection o

mL of fluid theoretically forms a sphere with a radius of ~13 mm, a pudendal 

blockade with 10mL anesthetic without it affecting the LAN is virtually impossible

These data throw considerable doubt on an earlier report (2) that innervation of the 

levator ani muscle by the pudendal nerve can be deduced from a transvaginal 

lidocain blockage of the nerve near the ischial spine. Clearly, the physiological 

parameters, measured clinically in that study, demonstrated that the pudendal 

nerve was blocked. In agreement, the tip of the needle in the mock transvaginal 

‘pudendal nerve block’ we performed effectively reached the pudendal nerve in all 

tries. Guaderrama et al (2) in their discussion also mentioned that the perform

transvaginal ‘pudendal nerve block’ might affect both the direct branches of sac

nerve roots S3 and S4 and the pudendal nerve. However, they ruled out the 

possibility of double blockade  by explaining that the amount of lidocain is  too 

small to affect the direct branches and the pudendal nerve simultaneously.  

In contrast, our anatomical data reveal that the topographical relation of 

the LAN to the pudendal nerve is so close at the point of injection that even the 

small amount of lidocain which is used reaches both nerves. Moreover, liter

data show the distribution area of anesthetics administered through pudendal 

nerve blockade to be large. A study in which spread of anesthetics during 

inal pudendal nerve blockade was visualized using X-ray showed that 

anesthetics spread widely. The X rays showed diffusion retrogradely up to the s

roots of origin of the pudendal nerve (6). 

A limitation of our analysis could be that we studied cadavers as oppos

to ‘live’ subjects. One might argue that the age of our cadavers may have in

the thickness of the pelvic floor muscles, as the pelvic floor in the elderly is 

frequently less functional, and that our assessment of the distance between the LAN 

and the pudendal nerve in cadavers is ther

th in the fetus and in the adult, consists of one layer of muscle bundles 

only, we think that the possible differences in thickness in the pelvic floor is 

marginal. Also, although embalming of cadavers can cause distortion of 

anatomical relations, this distortion is probably minimal in the area of the ischial 
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spine and the sacrospinous ligament  since these are  firm structures that resist t

pressures created in embalming.  

 A second argument against our hypothesis could be that the levator a

muscle functions as an effective diaphragm and divides the space above a

the pelvic floor into separate compartments, which inhibits diffusion of lidocain to

the LAN. Only a study in which the diffusion pattern of the anesthetic is assessed 

could clarify whether the levator an

he 

ni 

nd below 

 

i muscle does indeed prevent spreading of the 

 

my of the LAN or the pudendal nerve in rats (12) and 

squirrel i 

uscle-

. 

onceivable with the 

 

on is 

anesthetic to the LAN.   

Our findings confirm and extend earlier findings. Several studies argue 

that direct sacral branches are responsible for innervation of the levator ani muscle 

on its visceral side and that the pudendal nerve innervates the external anal 

sphincter only (3;7;8). This pattern is also seen in other primates (9-11) and in rats

(12). Furthermore, neurecto

monkeys (9) shows that only denervation of the LAN affects the levator an

muscle, while denervation of the pudendal nerve affects the external anal sphincter. 

Neurostimulation of the LAN or the pudendal nerve in humans also shows m

specific effects on the levator ani and the external anal sphincter, respectively (7;13)

Together these studies convincingly demonstrate that the levator ani muscle and 

the external anal sphincter are innervated by different nerves. 

 The clinical implications of the innervation of the pelvic floor are evident: 

denervation of the pelvic floor muscles and the accompanying muscle dysfunction 

could cause urinary and/or anal incontinence, and pelvic organ prolapse. The 

concept of neural damage due to stretching and pressure during complicated 

vaginal childbirth or pelvic surgical procedures is more easily c

nerve to the levator ani muscle being located on the superior, visceral side of the 

pelvic floor. In contrast, the pudendal nerve is better protected in these situations, 

as it lies on the inferior side of the pelvic floor, within Alcock’s canal. The same

considerations apply to transvaginal sacrospinous ligament fixation for vault 

prolapse. One or more permanent stitches are put through the ligament by placing 

them 1 cm medial to the ischial spine (14). As can be concluded from our 

morphological findings, this procedure holds a risk of LAN entrapment or 

disruption, either immediately or as a delayed response to surgery. Documentation 

of recurrence rates of vaginal vault prolapse after sacrospinous ligament fixati
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poor due to lack of follow-up studies with standardized parameters (14;15), but is 

repeatedly mentioned in the literature as a clinical problem associated wit

surgical procedure (3;14;15). Pelvic floor muscle denervation due to disrupti

the LAN could explain these recurrent prolapses. 

Given the clinical impact of a denervation of the levator ani muscles, all 

obstetricians, gynecologists and pelvic surgeons should be aware of the LAN and it

clinical anatomy. Although we fully realize that the functional assessment of the 

LAN is not trivial, our data clearly show that a pudendal blockade with an 

anesthetic is not the proper approach, since it fails

h this 

on of 

s 

 to distinguish between the 

pudenda
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Abstract 

Objectives: The contributions of the pudendal and levator ani nerves to the 

innervation of the levator ani muscle (LAM) are disputed. Because of the relatively 

large size of the nerves in early life, we investigated this issue in human fetuses. 

Methods: (Immuno)histochemically stained serial sections of nine human fetuses (9 

to 22 weeks of gestation) were investigated. Both the left and right sides of the fetal 

pelves were studied individually and 3D reconstructions were prepared. 

Results: The levator ani nerve innervated the LAM in every pelvis, whereas a 

contribution of the pudendal nerve to the innervation of the LAM could be 

demonstrated in only ten pelvic halves (56%). In ten halves, we observed a 

communicating nerve branch between the pudendal and levator ani nerves that 

pierces the pelvic floor between the LAM and the coccygeus muscle. No sex 

differences were observed, but the innervation pattern did differ between the left 

and right side of a pelvis. 

Conclusions: The LAM often has a dual somatic innervation with the levator ani nerve 

as its constant and main neuronal supply.  
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1. Introduction 

The innervation of the pelvic floor muscles still remains incompletely understood. 

Until several years ago, most studies, anatomical atlases, and textbooks stated that 

the pudendal nerve, which runs inferior to the pelvic floor muscles (coccygeus and 

levator ani), was the sole nerve that innervated the levator ani muscles (LAM). We 

[1;2] and others [3] have recently described that the levator ani nerve (LAN) and its 

branches arise directly from the sacral plexus, course on the superior side of the 

coccygeus muscle and innervate the LAM directly from its superior surface. Both 

the levator ani and pudendal nerves are somatic nerves [4]. Our previous studies 

did not address the question whether the LAN was the sole nerve innervating the 

LAM or whether these important muscles could have a dual innervation.  

The pudendal nerve (PN) divides, after separating from the sacral plexus, 

into the inferior rectal nerve, which innervates the external anal sphincter muscle 

and the perineal skin, the perineal nerve, which innervates the external anal 

sphincter and perineal muscles, and the dorsal nerve of the clitoris/penis [5;6]. 

Several cadaver studies have reported contributions of branches of the PN to the 

innervation of the LAM [6-8], but others have failed to confirm these data [3;9]. In 

addition, variations of the innervation pattern by the PN have also been reported 

[6;10;11] .  

To address the question of the innervation of the LAM in a more 

comprehensive way, we investigated the topographic anatomy of the pelvis in 

(immuno)histochemically stained human fetuses. A study of serially sectioned 

human fetuses has several important advantages over conventional cadaver 

dissections. Nerves are relatively large in fetuses and can all be easily identified by 

their characteristic architectural features. Furthermore, the pelvic connective tissue 

is still less elaborate compared to adults. Finally, the topographic relationships of 

the different tissues remain undisturbed in histological sections [12].  

In this study, we did confirm that the LAN is the principal nerve that 

supplies the LAM. The contribution of the PN to the innervation of the LAM is 

individually variable and can, in addition, differ between the left and right side of 

the same pelvis. A communicating nerve branch which transits the pelvic floor 

between the coccygeus and LAM muscles and connects the LAN and PN, was found 

in 50-60% of the pelvic halves studied.  
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2. Material and Methods 

Nine serially sectioned human fetal pelves from fetal collections in the departments 

of Anatomy & Embryology, Leiden University Medical Center and Academic 

Medical Center, Amsterdam were studied. Fetuses were obtained with informed 

consent after legal abortion or miscarriage. Table 1 provides an overview of the 

fetuses studied. The age of the fetuses (5 females, 4 males) ranged from 9 weeks to 

22 weeks of gestation. Age was determined from crown-rump lengths using data 

from previous studies [13;14]. The transverse sections (10μm) were stained with 

haematoxylin/azophloxin or eosin, or with azan. One female fetal pelvis (14 weeks 

of gestation, fetus 4, Table 1) was additionally stained immunohistochemically 

using an alkaline-phosphatase detection method as described elsewhere [15]. 

Sections were stained for the presence of striated muscle tissue, using a 

monoclonal antibody directed against myosin heavy chains (1:1000, Upstate, clone 

A4.1025) and for the presence of nerve tissue, using a polyclonal antibody directed 

against the 68-kD neurofilament protein (1:600, Chemicon, AB1983).  

Serial images of sections from different human fetuses were recorded 

using a digital camera with a resolution of 2048 x 1536 pixels. The images were 

acquired at a constant distance ranging from 50 to 80 μm depending on the age of 

the fetus. The levator ani muscle (LAM), the levator ani (LAN) and the pudendal 

nerves (PN) were identified and marked individually in the images. Putative nerve 

branches approaching the LAM were studied microscopically at high 

magnification. This allowed us to distinguish between genuine neuronal tissue, 

blood vessels, other non-neuronal structures and artifacts. Three-dimensional 

reconstructions of representative fetal pelves were prepared using the Amira 

software package (version 4.0, Template Graphics Software, 

http://www.tgs.com)[16].  

Since differences between the left and right halves of the pelves were 

observed, a statistical agreement test (Kappa) was performed on the investigated 

anatomical features (Table 1) to determine whether the two halves could be 

considered as separate entities. All pelves had individual LANs and PNs bilaterally. 

Apart from these main features, the highest agreement score among the "branching 

features" was found for ‘Contribution of pudendal nerve to LAM innervation’ 
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(Kappa = 0.57 ± 0.27 (SEM); KappaBmax B = 1.00). This agreement between the two 

halves was, therefore, only moderate. This fact enabled us to investigate the two 

sides separately. Fisher’s Exact Test was used to test for sex differences amongst the 

anatomical features. 

 

3. Results 

The LAN and PN were identifiable in all fetuses and on both sides of the pelvis. The 

LAN innervated the LAM in all fetuses (Table 1) and always ran on the superior 

surface of the coccygeus muscle towards the LAM (Figs. 1, 2, 4, and see 

Table 1. Anatomical results of the studied fetuses. 

Fetus 

Sex 

A
ge  (w

eeks of 

gestation
) 

Side 

LA
N

 con
tribution

 to 

LA
M

 in
n

ervation
 

PN
 con

tribution
 to 

LA
M

 in
n

ervation
 

C
om

m
un

icatin
g 

bran
ch

 LA
N

 an
d PN

 

IR
N

 in
depen

den
t of 

PN
 

L + - - - 
1 F 9 

R + - + - 

L + + + - 
2 F 10 

R + + - - 

L + - - - 
3 F 14 

R + + - - 

L + - + - 
4 F 14 

R + - + - 

L + + + - 
5 F 16 

R + + + - 

L + + - + 
6 M 10 

R + + + - 

L + - - + 
7 M 11 

R + + - + 

L + - + - 
8 M 12 

R + - - - 

L + + + - 
9 M 14.5 

R + + + - 

+, yes; -, no; IRN, inferior rectal nerve, L, left; LAM, levator ani muscle;  

LAN, levator ani nerve; PN, pudendal nerve R, right. 
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Fig. 1. Three-dimensional reconstruction of the nerve supply of the LAM in a 10 weeks-old male 

fetus (#6 in Table 1), showing the sacral plexus (S1-S4, dark green), the levator ani nerve (LAN, 

yellow), the pudendal nerve (PN, light green), the levator ani muscle (LAM, red) and the external 

anal sphincter (EAS, orange). A. Medial view. Note that the LAN innervates the LAM on its superior 

surface. B. Lateral view. Note the branch of the PN innervating the LAM (white arrows). The 

branches of the inferior rectal nerve (IRN, black arrows) innervate the EAS. The dorsal nerve to the 

penis (DN) and perineal nerve (PEN) are also shown. Bar = 1 mm. C. Magnification of inset in A. 

 

Fig. 2. The levator ani and pudendal nerve in a transverse section of fetus #6 (male, 10 weeks of 

gestation). A. Transverse section (stained with hematoxylin-azophloxin), showing the LAN, the 

LAM, the coccygeus muscle and the PN. On the right side, note the branch (white arrowheads) 

coursing from the PN (black arrows) towards the LAM, innervating it on its inferior surface. A 

similar branch from the PN is also visible on the left side (white arrowhead). Branches of the LAN 

approach the LAM on its superior side. The communicating branch of the LAN and PN (black 

arrowhead) is visible between the LAM and the coccygeus muscle. On the left side, the inferior rectal 

nerve (IRN) is visible separate from the rest of the pudendal nerve (PN, black arrows). This IRN had 

an independent origin from the sacral plexus. Additionally, the pelvic autonomic nerves are visible 

dorsolateral to the rectum (asterisks). The dorsal nerve to the penis is visible laterally to the LAM 

(grey arrows). The level of this transverse section is shown in the reconstruction. Bar = 0.5 mm. B. 

Digital image showing the communicating branch between the LAN and the PN. This image 

represents an oblique slice through a stack of 102 consecutive sections. CM, coccygeus muscle; IRN, 

inferior rectal nerve; LAM, levator ani muscle; LAN, levator ani nerve; R, rectum. 
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supplementary file for interactive 3D reconstruction of the pelvis of fetus 6). Often, 

the main branch of the nerve would penetrate the LAM close to the ischial spine 

(ischiococcygeus muscle) to continue intramuscularly towards the puboccygeus/ 

puborectalis portion of the LAM. If this was not the case, the LAN ran on the 

superior surface of the LAM towards its more caudal parts. 

At the level of the ischial spine, the PN has already separated from the 

sacral plexus and the sciatic nerve. From there it runs in a ventral and caudal 

direction inferior to the LAM while dividing into an inferior rectal nerve, a perineal 

nerve and a dorsal nerve to the clitoris/ penis. In ten (56 %) of the hemipelves, one 

or more branches of the PN innervated the LAM from the inferior surface (Figs. 1, 2, 

Table 1, Supplementary file 1).  

In ten (56 %) hemipelves, an anatomical variant was found in which a 

‘communicating’ branch between the LAN and the PN was present. This branch 

diverged from the LAN, while coursing on the superior surface of the coccygeus 

muscle, penetrated the pelvic floor between the LAM and coccygeus muscles, just 

caudal to the lateral attachment of these muscles to the ischial spine, and coursed 

caudally to connect to the main PN (Figs. 1, 2, Table 1, Supplementary file 1).  

In three (17 %) hemipelves, the inferior rectal nerve did not branch off 

from the PN, but came directly off from the sacral plexus (Fig. 2, Supplementary file 

1). Such a ‘variant’ inferior rectal nerve was always found running inferior to the 

coccygeus muscle. In all hemipelves, the inferior rectal nerve approached the 

external anal sphincter muscle and the puborectalis muscle from the external 

margins of both muscles (Fig. 3). Since both muscles are so intimately related in 

this area, a separate contribution from the inferior rectal nerve to the LAM is 

indistinguishable. 

Statistical analyses revealed no difference between male and female pelves 

with respect to the anatomical features investigated (Table 1). The innervation 

patterns differed, however, strongly between the left and right halves of a pelvis 

(Table 1). In fetus 6, for example, the inferior rectal nerve originated independently 

of the PN from the sacral plexus on one side, whereas on the other side it branched 

off from the PN (Fig. 2, Supplementary file 1). Left-right asymmetry in two fetuses 

was observed in the contribution of the PN branches to the innervation of the LAM . 
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Fig. 3. The inferior rectal nerve approaching the external anal sphincter muscle and the puborectalis 

portion of the LAM in between these two muscles (fetus #4 in table 1; female, 14 wks of gestation). 

A. Section stained immunohistochemically for striated muscle. Note the margin of the two muscles 

(arrowheads). B. Consecutive serial section stained immunohistochemically for nervous tissue. The 

inferior rectal nerve is indicated by arrows. Bar = 1 mm. EAS, external anal sphincter muscle; LAM, 

levator ani muscle; R, rectum; V, vaginal vestibule.  

Fig. 4. Schematic drawing of the pelvic floor, containing the pelvic floor muscles, the levator ani 

nerve (LAN, light green) and the pudendal nerves (PN, dark green). Nerve branches that are situated 

caudal to the pelvic floor are represented in dotted line. Note the communicating branch between 

the LAN and the PN medial to the ischial spine. C, coccyx; CM, coccygeus muscle; IS, ischial spine; 

LAM, levator ani muscle; OIM, obturator internus muscle; PM, piriformis muscle; PS, pubic 

symphysis; R, rectum; S, sacrum; U, uterus; V, vagina. 
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4. Discussion 

Controversy continues to exist about the innervation of the LAM as observed in 

several dissection studies [3;6-8], so that a proper understanding of this important 

fact is urgently needed. Our earlier success in using human fetal material to 

unambiguously establish the contribution of the LAN to the innervation of the LAM 

[1;2] prompted us to use this approach to settle the issue. Our results now provide 

strong evidence that the LAM does indeed have a dual somatic innervation in many 

individuals. The LAN innervated the LAM in all (hemi-)pelves studied, whereas the 

PN contributed to the innervation of the LAM in 50-60% of hemipelves. In addition, 

the branch of the inferior rectal nerve of the PN that approaches the external anal  

sphincter and puborectalis muscles from laterally, presumably also contributes 

some additional innervation to the LAM.  

The use of serial sections of human fetuses instead of conventional 

cadaver dissections allowed us to unambiguously identify nerve branches. This is 

especially important in the pelvis with its high density of connective tissue, 

complex anatomy and difficult access inside the bony pelvis. Because of the 

relatively small number of available specimens (9 fetuses), we did not attempt to 

classify the innervation patterns to the individual muscle units (iliococcygeus, 

pubococcygeus and puborectalis muscles). Despite the small sample size, we could 

establish the underlying branching pattern.  

The finding of a communicating nerve branch between the LAN and the 

PN in more than half of the hemipelves indicates that the sacral plexus has variants 

in 50-60% of individuals, which forms plexiform connections as far distally as the 

ventral boundary of the coccygeus muscles. Anatomical variants between nerve 

branches and surrounding muscles also exist elsewhere. The sciatic nerve, for 

example, normally passes caudal of the piriformis muscle, but variants exist in 

which the nerve is split into two trunks, one trunk piercing the piriformis muscle 

and the other coursing in the normal position caudal of the muscle [17].  

 Communicating nerve branches, also between somatic and autonomic 

nerves have been described in earlier studies [18;19]. Yucel and Baskin proposed 

that the branches form a redundant or auxillary pathway between the two systems 

[18]. This could also be the case with the levator ani and pudendal nerves.   
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From an evolutionary point of view, the pelvic floor muscles of non-

human vertebrates function as tail muscles, running from the bony pelvis to the 

base of the tail and thereby having a very different function than in humans. 

Anatomical studies in primates [20-22] and rats [23] have shown that the animal 

homologues to the levator ani muscles are innervated by direct branches from the 

sacral plexus while the external anal sphincter is innervated by the pudendal nerve. 

This was further functionally investigated using neurectomy in rats [23] and 

squirrel monkeys [20]. In humans the levator ani and external anal sphincter 

muscle have a much closer topographical relationship than in mammals possessing 

a tail. This closeness might have induced an occasional contribution of the 

pudendal nerve to the levator ani innervation. During development neurons form 

topographically ordered maps of synaptic connections on their muscular targets. 

This relationship is also evident at the intermuscular level. Successively more 

caudal muscles are innervated by sussessively more caudal sets of motorneurons 

[24]. The other way around it can be deduced that the closer the topographical 

relationship between two muscles, the bigger the chance of a common innervation.      

Insight in the innervation of the LAM and the contribution of the PN are of 

importance for physiotherapy, electrical stimulation and biofeedback exercises of 

the pelvic floor. In a recent study [25], the bulbospongiosus muscle, one of the 

“superficial” muscles of the pelvic floor, was shown to contract prior to the “deep” 

levator ani muscles in continent women upon maximum voluntary contraction, 

whereas this pattern was not found in incontinent women. This finding is 

compatible with the reported difference in the innervation pattern of the superficial 

(PN) and the deep pelvic floor muscles (LAN + PN). Accounts of a possible 

denervation injury of the LAM due to parturition are limited but in a recent study 

25% of primiparous women, who did not have a pathologic LAM as determined by 

electromyography antepartum, did develop a neuropathic injury within 6 months 

after delivery [26]. From these and our anatomical findings, it is evident that 

investigations of the integrity of LAN and the function of the LAM in patients with 

urinary and/or fecal continence problems and/or pelvic organ prolapse are urgently 

needed. Although incontinence has a multifactorial aetiology, attention to LAN 

denervation is an aspect that was not focused on previously. 
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While vaginal delivery could conceivably damage both the levator ani and 

pudendal nerves, pelvic surgical [27] and reconstructive procedures as well as wide 

field or high dosage radiotherapy [28] can also damage the levator ani nerves, 

which are situated superior to the pelvic floor and thereby risk damage or injury 

directly during surgery  or from delayed effects from fibrosis or tissue anoxemia. 

Both nerves could be simultaneously affected if a therapeutic approach involves the 

perineum as well.  

In the past attention to post-therapy quality of life issues for patients was 

minimal and sometimes the consequences of therapy used have not resulted in 

desired improvements from the patient's point of view. A correct knowledge of the 

innervation of the pelvic floor muscles is, therefore, of great importance to 

urologists, obstetricians, gynecologists and other pelvic therapists. They should be 

aware that both the levator ani nerves and the pudendal nerves contribute to the 

innervation of the pelvic floor. To a certain extent, these contributions vary 

individually, but the LAN is the primary contributor of the LAM innervation. A 

proper understanding of the basic functional anatomy of this region is certainly a 

primary prerequisite to improve the results of intervention therapies.  

 

5. Conclusions 

The LAM has a dual somatic innervation but the contribution of the LAN to the 

innervation of the LAM is greater than that of the PN. The contributions from the 

PN are variable both in individuals and between both sides of the same pelvis. 

Furthermore, a communicating branch between the LAN and the PN was found in 

56% of the specimens. 
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CHAPTER 5 - LEVATOR ANI NERVE DAMAGE DURING RECTAL CANCER SURGERY 

Summary 

Purpose: Total mesorectal excision (TME) for rectal cancer may result in anorectal 

and urogenital dysfunction. We aimed to study possible nerve disruption during 

TME and its consequences for functional outcome. Since the levator ani muscle, 

plays an important role in both urinary and faecal continence, an explanation could 

be peroperative damage of the nerve supply to the levator ani muscle.  

Methods: TME was performed on cadaver pelves. Subsequently, the anatomy of the 

pelvic floor innervation and its relation to the pelvic autonomic innervation and the 

mesorectum was studied. Additionally, data from the Dutch TME trial were 

analysed to relate anorectal and urinary dysfunction to possible nerve damage 

during TME procedure.  

Results: Cadaver TME surgery demonstrated that, especially in low tumours, the 

pelvic floor innervation can be damaged. Furthermore, the origin of the levator ani 

nerve was located in close proximity of the origin of the pelvic splanchnic nerves. 

Analysis of the TME trial data showed that newly developed urinary and faecal 

incontinence was present in respectively 33.7% and 38.8% of patients. Both types of 

incontinence were significantly associated with each other (P=0.027). Low 

anastomosis was significantly associated with urinary incontinence (P=0.049). One 

third of the patients with newly developed urinary and faecal incontinence also 

reported difficulty in bladder emptying, for which excessive peroperative blood loss 

was a significant risk factor.  

Conlcusions: Peroperative damage to the pelvic floor innervation could contribute 

to faecal and urinary incontinence after TME, especially in case of a low 

anastomosis or damage to the pelvic splanchnic nerves.  
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Introduction 

The past two decades have witnessed substantial improvement in survival from 

rectal cancer resulting from earlier diagnosis, improved efficiency and delivery of 

radiotherapy and advances in surgical techniques such as total mesorectal excision 

(TME). The TME procedure removes the rectum with its primary lymphovascular 

field of drainage as an intact package. Under direct vision along pre-existing 

embryologically determined planes, sharp dissection divides the mesorectal fascia, 

i.e. the visceral fascia surrounding the mesorectum, from  the pelvic parietal fascia 

overlying the pelvic floor,  

thereby preserving the autonomic nerves required for maintenance of urogenital 

function(1-3). However, despite this, clinical studies report a high incidence of 

pelvic organ dysfunction and the good functional results achieved by expert rectal 

surgeons have not yet been reproduced in larger studies(3;4). Surgical damage to 

the pelvic autonomic nerves is believed to be an important cause of urinary 

dysfunction(5-7). The pelvic parasympathetic supply (pelvic splanchnic nerves or 

nervi erigentes) arises from sacral nerves S2 to S4 while the sympathetic supply is 

by the hypogastric nerves. Together these parasympathetic and sympathetic nerves 

form the autonomic nerve plexus of the small pelvis (pelvic plexus or inferior 

hypogastric plexus). The pelvic plexus is a coarse and flat meshwork that is situated 

laterally to the pelvic organs and supplies the rectum, uterus, vagina, vestibular 

bulbs, clitoris, bladder, urethra, penis and prostate(8;9). Due to their location 

disruption of the pelvic plexus and the pelvic splanchnic nerves may occur 

frequently during dissection of the lateral planes of the mesorectum deep in the 

pelvis(10). Parasympathetic injury (pelvic splanchnic nerves or pelvic plexus) 

produces a hypo- or acontractile bladder with decreased sensation causing 

difficulty in bladder emptying(5;8).  

The prevalence of faecal incontinence after low anterior resection with 

preoperative radiotherapy (PRT) is reported to be as high as 60%, and even without 

PRT to be up to 40%(11-13). Damage to the pudendal nerve has been suggested as a 

cause of faecal incontinence after rectal cancer treatment(14). Common knowledge 

among clinicians is that the pudendal nerve innervates the levator ani muscle, 

which is a striated muscular diaphragm that closes the pelvic cavity. The levator ani 

muscle is the main pelvic floor muscle and is a crucial component of the urinary 
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and faecal continence system(15-17). Recent studies have re-emphasised the 

existence of a separate nerve to the levator ani (‘levator ani nerve’, LAN) which 

arises from sacral nerves S3 and/or S4, separately form the pudendal nerve. The 

nerve is mentioned in various anatomy textbooks(18;19) but still not clearly 

illustrated in others(20;21). The LAN approaches the levator ani muscle from 

within the pelvis on the superior surface of the pelvic floor, which makes accidental 

disruption of the nerve during pelvic surgical interventions conceivable(22-24). 

This is in contrast with the pudendal nerve, which runs inferior to the pelvic floor 

muscles and  has only a minor contribution to the levator ani muscle 

innervation(25).  

Therefore, we hypothesized that surgical disruption of the levator ani 

nerve during TME could play a role in the etiology of faecal and urinary 

incontinence after TME. We aimed to study possible nerve disruption during the 

TME procedure as a cause of postoperative anorectal and urinary dysfunction. To 

do this, we performed TME on cadaver pelves and studied the anatomy of the 

levator ani muscle innervation and its relation to the pelvic autonomic innervation 

and the mesorectum. Subsequently, data from the Dutch TME trial were analysed to 

relate anorectal and urinary dysfunction to possible peroperative nerve damage(26). 

 

Methods 

Anatomy and cadaver surgery 

Ten pelves of male cadavers (age range: 67 – 91 years) without signs of pelvic 

surgery were dissected as described elsewhere(24) to investigate and quantify the 

topographical anatomy of the levator ani nerves and the pelvic splanchnic nerves 

and the relation to the mesorectal fascia.  

Total mesorectal excision was performed on one midsagittaly transsected 

right male hemipelvis, two complete male pelves and one complete female pelvis by 

an experienced colorectal surgeon (BAB). The procedure was carried out as would 

be the case in a patient with a low rectal tumour with an indication for a low 

anterior resection procedure. The rectum was removed according to the TME 

principles(27). The pelvic splanchnic nerves and the levator ani nerve were 

subsequently dissected with special reference to relations between the nerves and 

the rectum, the parietal pelvic fascia and the mesorectal fascia. 
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In order to give insight in the relation between the mesorectum and the 

levator ani nerves, we produced a 3D reconstruction using data from the Visual 

Human Project. The fully interactive 3D illustration has been added as a 

supplementary file. 

 

Dutch TME trial database 

Data were obtained from the database of the Dutch TME trial(26). Between Januari 

1996 and December 1999, 1861 patients with histologically proven adenocarcinoma 

of the rectum and without evidence of distant metastases were included in the trial 

and randomized to undergo TME alone or preceded by PRT. All patients underwent 

surgery according to the TME principles, as advocated by Heald(27). Only patients 

who underwent low anterior resection and participated in the quality-of-life study 

or in the study on long term functional outcome were selected for this 

analysis(13;28). 

 

Outcome measures 

Faecal and urinary incontinence and difficulty in bladder emptying were evaluated 

preoperatively and at five years after TME(13;28). To determine if preoperative 

dysfunction should be taken into account, the influence of preoperative dysfunction 

on faecal and urinary incontinence and difficulty in bladder emptying was 

evaluated. Newly developed combined faecal and urinary incontinence was 

assumed to result from pelvic floor dysfunction, as this was the most probable 

causative factor of both dysfunctions. Therefore, to evaluate to what extend 

incontinence could be explained by dysfunction of the pelvic floor, faecal and 

urinary incontinence were related to each other. Subsequently, to estimate the risk 

of simultaneous damage to the levator ani nerve in case of damage to the pelvic 

splanchnic nerves, faecal and urinary incontinence were related to difficulty in 

bladder emptying. 

 

Statistical analysis 

Data were analysed with SPSS version 14.0 for Windows (SPSS, Chicago, Illinois, 

USA). The influence of the predictor variables on the risk of the different types of 

dysfunction after TME was calculated using univariable logistic regression 
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Figure 1. TME on a male adult pelvis. The pelvis was midsagittaly transected after TME procedure. 

Note that the parietal fascia was removed from the surface of the levator ani muscle during the TME 

procedure (black arrows show the cut border). The part of the parietal fascia that covered the sacral 

origin of the levator ani nerve and pelvic splanchnic nerves was removed during dissection to 

visualize the nerves. The most distal part of the levator ani nerve was disrupted during the TME 

procedure in this pelvis (not visible). A. Medial view of the right hemi pelvis with part of the parietal 

fascia still covering the levator ani nerve.  B. Medial view of the right hemi pelvis. The parietal fascia, 

covering the nerves is now flipped sideways to fully reveal the levator ani nerve. A, anus; BL, 

bladder; P, prostate; Pe, peritoneum; PF, parietal fascia; PP, pelvic plexus; PS, pubic symphysis; R, 

rectum; S, sacrum; S2, S3, S4, sacral nerves S1 to S3. 

 
 

Figure 2. The levator ani nerve in vivo during TME. A. Overview. B. Detail of the levator ani nerve 

(white arrowheads). BL, urinary bladder; PS, pubic symphysis; SP, sacral promontory. 

analysis. To examine any independent influence, all variables associated with the 

specific type of dysfunction (P<0.100 in the univariable regression analysis) were 

entered into a multivariable logistic regression analysis. P≤0.050 was considered 

statistically significant.  
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Results 

Anatomy and cadaver surgery 

Upon macroscopical dissection, we found the levator ani nerve to originate from 

sacral nerves S3 and/or S4. The nerve was macroscopically detectable in all pelves. 

During its course on the surface of the coccygeus and levator ani muscle, the levator 

ani nerve runs 4 cm (95% CI: 4 – 5.5 cm) lateral to the midsagittal plane at the level 

of the ischial spine, 4.5 cm (95% CI: 4 – 5.5 cm) lateral to the tip of the coccyx and 9 

mm (95% CI: 0 – 14 mm) caudal to the ischial spine. In all cases, the nerve was 

situated underneath the pelvic parietal fascia, which covers the levator ani muscle. 

When the mesorectum was dissected in the surgical plane between the mesorectal 

fascia and the pelvic parietal fascia and subsequently lifted, the origin of the pelvic 

splanchnic nerves and the levator ani nerve presented themselves as joint sacral 

branches. The pelvic splanchnic nerves, whose origin from the sacral nerve plexus 

lies underneath the pelvic parietal fascia, run in a separate fascial sheath to reach 

the pelvic plexus that is situated lateral to the rectum, tangentially to the lateral 

surface of the mesorectal fascia. The levator ani nerve does not run in this fascial 

sheath, but continues solitary towards the pelvic floor muscles underneath the 

lateral pelvic parietal fascia. 

 Dissection of the levator ani nerve in the pelves after TME procedure 

showed a similar anatomical composition. The plane of surgical dissection during 

TME is between the visceral fascia of the mesorectum and the parietal fascia. At the 

most distal part of the rectum, approximately 2 cm cranial from the entrance of the 

rectum through the levator ani muscle, the mesorectal fascia and the parietal fascia 

become inseparable. Therefore the parietal fascia must be removed from the 

surface of the pelvic floor muscles to preserve the mesorectal package. At this point 

the levator ani nerve is in close proximity of the surgical dissection plane. In one 

male pelvis, the LAN was disrupted unilaterally at this level during the TME 

procedure. Figure 1 shows the close relation between the surgical dissection plane 

and the nerve in the lowest part of the dissection, of the pelvis where the LAN was 
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Figure 3. 



Figure 3. Anatomical relation of the mesorectum and the levator ani nerve in the adult male. A. 

Transverse section through the male pelvis. The level of the section is illustrated in the small 

image. B. Schematic overview of the structures shown in panel A. The green circles represent the 

approximate position of the levator ani nerves. C/D. 3D reconstruction of the same adult pelvis as 

in panel A with (D) and without (C) the mesorectum. The levator ani muscle (red), coccygeus 

muscle (pink), obturator internus muscle (mint green), rectum (blue), mesorectum (light blue), 

sacral nerve plexus (light green) are reconstructed from serial sections. Since the levator ani nerve 

(light green, arrowheads in C) was not identifiable in the serial sections it was illustrated with 

information from our dissection studies. Note the close relation of the mesorectum to the levator 

ani nerves. BL, urinary bladder; BP, bony pelvis; C, coccyx; CM, coccygeus muscle; GM, gluteus 

maximus muscle; LA, levator ani muscle; MR, mesorectum; OI, obturator internus muscle; R, 

rectum; SV, seminal vesicle. 

 
disrupted. Figure 2 shows the LAN in vivo during TME. Figure 3 illustrates the 

close relation between the LAN and the mesorectum. A fully interactive version of 

this 3D illustration can be viewed in the supplementary file. 

 

 

Dutch TME trial database 

Of the 1530 Dutch patients, patients were excluded from analysis for the following 

reasons: ineligible at randomisation (n=50), no operation (n=37), in-hospital death 

(n=52), no informed consent for the quality-of-life study (n=89), no quality-of-life 

forms returned (n=30), no low anterior resection (n=456), missing pre-treatment 

form (n=165). Consequently, 651 patients remained assessable for analysis. 

However, not all questions were answered by every patient in the returned 

questionnaires, resulting in 649, 647 and 649 assessable patients concerning faecal 

incontinence and urinary incontinence and difficulty in bladder emptying, 

respectively. 

 

Pre- and postoperative dysfunctions 

Faecal incontinence was reported by 41.4 percent (269/649) of patients 

preoperatively and by 48.7 percent (134/275) of patients five years after rectal cancer 

treatment (P<0.001 relative risk =3.16). Of patients with normal preoperative 

function 38.8 (69/178) percent newly developed faecal incontinence after rectal 

cancer treatment.  
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Urinary incontinence was reported by 17.0 percent (110/647) of patients 

preoperatively and by 39.5 percent (123/311) of patients five years after rectal cancer 

treatment (P<0.001 relative risk=4.19). Of patients with normal preoperative 

function 33.7 (88/261) percent newly developed urinary incontinence after rectal 

cancer treatment.  

Of patients with newly developed faecal incontinence 36.5 percent (23/63) 

also reported newly developed urinary incontinence (P=0.027 relative risk=2.21). 

Fourteen percent (23/160) percent of patients with normal preoperative function 

reported both faecal and urinary incontinence after rectal cancer treatment.   

Difficulty in bladder emptying was reported by 22.2 percent (144/649) of 

patients preoperatively and by 29.3 percent (89/304) of patients five years after 

rectal cancer treatment (P<0.001 relative risk=3.02). Of patients with normal 

preoperative function 24.3 (59/243) percent newly developed difficulty in bladder 

emptying after rectal cancer treatment. Of patients with newly developed faecal and 

urinary incontinence 38.8 percent (7/18) also reported difficulty in bladder 

emptying (P=0.044 relative risk=2.34).  

 

Risk factors 

Table 1 shows the results of the univariable logistic regression analysis of risk 

factors for faecal and urinary incontinence and difficulty in bladder emptying.  

In the multivariable analysis of faecal incontinence (Table 2), PRT, low anastomotic 

height, tumour size (P<0.100 in the univariable analysis) and preoperative faecal 

incontinence were included as input variables to predict faecal incontinence after 

rectal cancer treatment. In the multivariable analysis PRT (P=0.004 relative 

risk=2.25) and preoperative faecal incontinence (P<0.001 relative risk=3.48) 

remained significant predictors.  
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Table 2. Multivariate regression analyses of risk factors for faecal and urinary incontinence and 

difficulty in bladder emptying after rectal cancer treatment (RR=relative risk) 

 Faecal incontinence Urinary 
incontinence 

Difficulty in 
bladder emptying 

 RR P-value RR P-value RR P-value 

Preoperative dysfunction 3.48 <0.001 2.44 0.017 3.15 <0.001 

Female gender   2.34 0.001   

Age ≥65   1.96 0.014   

Tumour size ≥4.0cm  1.57 0.113     

Radiotherapy 2.25 0.004     

Blood loss ≥1500ml     1.95 0.038 

Anastomotic height 
<6.0cm 

1.62 0.089 1.72 0.049   

In the multivariable analysis of urinary incontinence (Table 2) female 

gender (P=0.001 relative risk=2.34), age (P=0.014 relative risk=1.96), preoperative 

urinary incontinence (P=0.017 relative risk=2.44) and low anastomotic height 

(P=0.049 relative risk=1.72) remained significant predictors.  

In the multivariable analysis of difficulty in bladder emptying (Table 2), 

preoperative dysfunction (P<0.001 relative risk=3.15) and excessive peroperative 

blood loss (P=0.038 relative risk=1.95) remained significant risk factors.  

 

Discussion 

The present study aimed to evaluate nerve disruption during TME as a cause of poor 

functional outcome by using anatomical and clinical data, with special attention to 

LAN and incontinence. 

Fourteen percent of patients newly developed combined faecal and urinary 

incontinence after TME and therefore probably had a dysfunctional pelvic floor. As 

the cadaver surgery study revealed, the nerve supply to the pelvic floor, by means of 

the LAN, lies in the field of operation and can be disrupted during a TME 

procedure. From the anatomical findings it can be predicted that especially during 

TME for low tumours, where the parietal fascia of the levator ani muscle is entered, 

the LAN is at risk. Indeed, our TME database analysis demonstrate that an 

anastomotic level <6 cm increased the risk of (combined) faecal and urinary 
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incontinence significantly. Additionally in other studies low anastomotic level, next 

to PRT, is considered to be the most important risk factor for faecal 

incontinence(11;29;30).  

We found that the anatomical origin of the LAN was closely related to the 

origin of the pelvic splanchnic nerves. From this it can be predicted that improper 

surgical dissection or excessive manipulation of the mesorectum hold a risk of 

combined disruption of the LAN and the pelvic splanchnic nerves. In one third of 

the patients newly developed faecal and urinary incontinence was accompanied by 

newly developed difficulty in bladder emptying. This would imply that one third of 

patients, in which the LAN was disrupted, simultaneous disruption of the LAN and 

pelvic splanchnic nerves occurred at the sacral origin.  

The TME dissection plane along the parietal presacral fascia is likely to 

mislead the surgeon and result in injury to the pelvic splanchnic nerves and/or 

pelvic plexus, because the parietal presacral fascia divides into several laminae 

lining or enclosing these nerves. In addition, when an incorrect plane is followed 

the sacral venous plexus, which lies in close proximity of the pelvic splanchnic 

nerves, may be damaged, resulting in excessive blood loss(31). Indeed, excessive 

peroperative blood loss was significantly associated with difficulty in bladder 

emptying in our study. Diathermic coagulation and numerous sutures to secure 

hemostasis may cause nerve damage. Moreover, excessive blood loss hinders sight 

deep in the pelvis, making nerve sparing virtually impossible(3;32). An increased 

risk of nerve damage and poor functional outcome in case of a posterior located 

tumour would be expected. However, this is not supported by the present study. 

Apparently, surgical damage during TME does not depend on characteristics of the 

tumour but only on specific aspects of the surgical technique employed.  

Faecal incontinence is multifactorial(33). The rectum acts as a reservoir 

and the smaller neorectum after TME has a lower capacity and smaller tolerated 

volume(34). Furthermore, PRT is known to increase the risk of faecal incontinence, 

which is also supported by the present study(11;35). Radiotherapy diminishes 

compliance of the residual rectum due to fibrosis and may disrupt the myenteric 

plexus of the internal anal sphincter, compromising the rectoinhibitory reflex and 

resting anal pressures(33;34).  
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In addition, faecal incontinence after rectal cancer treatment has been reported to 

be caused mainly by impaired pelvic floor movement, i.e. a disturbed change in 

anorectal angle due to a dysfunctional puborectalis muscle(36).  

Urinary incontinence after TME is multifactorial as well. Unfortunately the 

questionnaires did not differentiate between urge, overflow and stress-

incontinence. Damage to the sympathetic nerve supply (the hypogastric nerves and 

the pelvic plexus) causes a reduced bladder capacity, and may result in urge 

incontinence(5). However, one-sided preservation of the pelvic plexus only has 

been clinically shown to result in acceptable urinary continence(3;37). Surgeons are 

often unable to verify if bilateral damage has occurred but it is not expected to occur 

frequently during a TME procedure(4). Damage to the sacral splanchnic nerves may 

lead to difficulty in bladder emptying and overflow incontinence(5). However, 

urinary incontinence was not significantly related to difficulty in bladder emptying 

in this study (data not shown). Therefore we assume that the reported urinary 

incontinence was mainly stress incontinence. Stress incontinence may also result 

from impaired support to the urethra and bladder neck(38). As for faecal 

incontinence, a dysfunctional pelvic floor has been suggested as an important cause 

of urinary incontinence(15-17). This is supported by our results as faecal and 

urinary incontinence were occurring simultaneously in a significant number of 

patients.  

In conclusion, the results of our study lead us to state that, especially in 

patients with low rectal tumours, the risk of LAN disruption is substantial, which 

could contribute to an increased risk of urinary and faecal incontinence after TME, 

as indicated by our clinical data. Accidental disruption of the levator ani nerve 

during a surgically difficult procedure could be a factor that is neglected so far. The 

results of our surgical study imply that a correctly performed posterior dissection of 

the mesorectum would not disrupt the LAN, because the plane of posterior 

dissection in a TME procedure is between the pelvic parietal fascia and the 

mesorectal fascia. However, the surgical ‘margin’ is so small, that any deviation 

from this surgical plane easily results in disruption of the nerve. Adhering to the 

surgical plane, reducing the use of blunt dissection and improving rectal retraction 

may lower the risk of LAN disruption during distal resection. Surgeons that 

perform TME should be aware of the anatomy of the levator ani nerve in order to 
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avoid disrupting it.  A ‘nerve-sparing total mesorectal excision’ should mean not 

only sparing the pelvic autonomic nerves, but sparing the levator ani nerve as well. 

The challenge is now to assess puborectalis function in patients suffering from 

faecal incontinence after TME, to actually see whether the puborectalis muscle is 

denervated. Further studies on faecal incontinence after TME should therefore 

include clinical assessment of pelvic floor denervation, i.e. puborectalis muscle 

atrophy, in patients who suffer from faecal incontinence after TME.  
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Abstract 

Background: The levator ani muscle (LAM) plays an important role in urinary 

continence, but the anatomical relationship between this pelvic floor muscle and 

the external urethral sphincter (EUS) remains incompletely understood. 

Objective: To investigate the topographical relationship between the EUS and the 

LAM.  

Design, Setting, and Participants: Serially sectioned and histochemically stained foetal 

pelves from eleven females and nine males (10 to 27 weeks of gestation) were 

studied. Three foetal pelves (two female, 12 & 18 weeks of gestation; one male, 12 

weeks of gestation) and three adult pelves (two females, 54 and 85 yrs; one male, 75 

yrs) were stained immunohistochemically for the presence of striated and smooth 

muscle tissue. 3D-reconstructions were prepared. 

Measurements: Anatomy of the LAM and urethral sphincter components was 

evaluated qualitatively. 

Results and Limitations: The EUS has no direct bony attachment. In female foetuses, 

the inferior part of the EUS is firmly attached to the LAM by a tendinous 

connection. Contraction of this part of the EUS produces a force on the urethra in a 

postero-inferior direction. Contraction of the LAM compresses the rectum and 

moves the recto-vaginal complex anteriorly and superiorly towards the urethra in a 

plane that lies parallel to, but superior of that of the EUS. Simultaneous contraction 

of the LAM and EUS causes an anteriorly convex bend in the mid-urethra, which 

closes the mid-urethral lumen. A similar attachment of the EUS to the LAM is 

absent in the male. Our study is limited due to the absence of young adult study 

specimens.  

Conclusions: The EUS in females is anchored to the levator ani muscle via a tendinous 

connection. Because of this attachment to the LAM, proper function of the EUS is 

dependent on the integrity of the LAM and its attachment to the pelvic wall.  
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1. Introduction 

1.1 Urinary continence 

For effective urethral closure and continence at rest and during periods of increased 

intra-abdominal pressure, properly functioning striated (external) and smooth 

(internal) urethral sphincters, a well-vascularized urethral mucosa and submucosa, 

and an intact vaginal support are necessary [1]. The sphincters narrow the urethral 

space that is occupied by the urethral mucosa and submucosa. The urethral mucosa 

and submucosa, in turn, function as stuffer substance to effectively close the 

urethral lumen. However, due to poor accessibility and persisting confusion with 

respect to the anatomical entities, both the topographical and functional anatomy 

of the sphincters and the vaginal support system remains incompletely understood.  

 

1.2 Anatomy of the external and internal urethral sphincter 

Previous studies in foetuses [2-6] and adults [5-7] described the striated external 

urethral sphincter (EUS). In females, it consists of a superior, horseshoe- or 

omega-shaped part that covers the urethra and an inferior part that covers the 

antero-lateral aspect of the urethra and the lateral aspect of the vagina. The inferior 

part is also known as the urethrovaginal sphincter [8;9]. In addition, a dorso-lateral 

extension of the inferior part, dubbed the compressor urethrae, was described as 

inserting on the inferior pubic ramus [8;9], but these bony attachments were not 

confirmed in subsequent studies [10;11]. Instead, the inferior part of the EUS was 

described as “being separated from the levator ani by a distinct layer of connective 

tissue” [3] and as identical to the deep transverse perineal muscle [10;11]. The deep 

transverse perineal muscle, together with its enveloping fascia, is also known as 

the “urogenital diaphragm” or “perineal membrane” [11]. In males, the EUS covers 

the ventral side of the prostate. Inferior to the prostate at the level of the 

membranous urethra the EUS is horseshoe shaped. 

 The smooth muscle of the internal urethral sphincter (IUS) has been 

described as being completely circular in females [12] as well as in males, and as 

being present mainly at the superior part of the urethra [13]. 
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1.3. The extrinsic continence mechanism 

The urethral closure by contraction of the EUS and IUS form the ‘intrinsic 

continence mechanism’. The ‘extrinsic continence mechanism’ is formed by the 

pelvic floor muscles, organs and support structures surrounding the urethra and 

urethral sphincter muscles. Contraction of the levator ani compresses the urethral 

lumen shut, when contraction of the levator ani muscle pulls the vaginal wall 

anteriorly against the posterior surface of the urethra [14]. In support of this 

mechanism, it has been established that laxity of the vaginal wall dissipates the 

effect of contraction of the LAM and leads to stress urinary incontinence (SUI) [15]. 

However, other studies rejected this model, because the levator ani muscle does not 

encircle the urethra [3]. 

 

1.4. Study objectives 

Women with SUI often have a weakened or asymmetric contractility of the pelvic 

floor [16;17]. Possibly, the EUS cannot function properly in these conditions. 

Unfortunately, the anatomy of the EUS, in particular that of its inferior part, and its 

topographic relations to the LAM remain incompletely understood, so that the 

functional implications of a pathologically changed anatomy are difficult to 

understand. The aim of this study therefore was to reinvestigate the anatomy of the 

EUS and its topographical relations to the LAM in both the male and female human 

foetus and in adults by using (immuno)histochemical and 3-D reconstruction 

techniques. 

Although it may be argued that the foetal anatomy differs in many respects 

from the adult anatomy, the study of serially sectioned human foetuses has several 

advantages over conventional cadaver dissections [18-20]. Structures of interest are 

easily recognizable, especially in immunohistochemically stained sections. 

Furthermore, even though the dimensions change, the topographic relationships of 

the tissues persist throughout development [3;18]. Additionally, 3D 

reconstructions of the relevant pelvic organs and muscles can be prepared to 

deduce the functional anatomy of the urethral sphincter closure system. 
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2. Material & Methods 

We studied foetal pelves from the collections in the departments of Anatomy & 

Embryology at the Leiden University Medical Center and the Academic Medical 

Center Amsterdam. The foetuses (11 females and 9 males, ranging from 10 to 27 

weeks of gestation (50-260 mm crown-rump length (CRL)) were serially sectioned 

and stained with haematoxylin and either azophloxine or eosin and/or azan. 

Gestational age was estimated from the CRL, using data from previous studies 

[2;4]. Additionally, serial sections of two female foetal pelves (12 and 18 weeks of 

gestation) and one male foetus (12 weeks of gestation) were stained 

immunohistochemically for the presence of striated muscle (mouse monoclonal 

anti-myosin heavy chain; Upstate, clone A4.1025) and smooth muscle (mouse 

monoclonal anti-alpha smooth muscle actin; Sigma, A-2547). Additional sections 

were stained with haematoxylin-azophloxine and Sirius red to visualize collagen 

fibres. Digital images from the serial sections were used to prepare three-

dimensional reconstructions with the Amira software package (v3.0, TGS Template 

Graphics Software, http://www.tgs.com). 

 The pelvic floor and organs (urethra, vagina, and rectum) were removed en 

bloc from three fixed adult pelvic cadaver specimens (two females, 54 and 85 yrs; 

one male, 75 yrs). The preparations were embedded in paraplast, cut serially in the 

transverse plane, and stained (immuno)histochemically, as described for the 

foetuses. 

 

3. Results 

3.1. The external and internal urethral sphincter in the male foetus 

At the prostate level, the superior part of the striated external urethral sphincter 

(EUS) is largely confined to the anterior side of the urethra and prostate (Figs. 1, 2). 

Inferior to the prostate, the EUS is horseshoe-shaped with the opening on the 

dorsal side. The dorsal muscle fibres of the left and right sides approach the 

midline and sometimes cross it (Fig. 2B).  

 The internal urethral sphincter (IUS) is composed of smooth muscle 

tissue. The IUS is covered externally to a large extent by the striated EUS. At the 

boundary between the IUS and EUS, the striated and smooth muscle fibres 

intertwine to some extent. In younger foetuses (e.g. 12 weeks of gestation, Fig. 1) 
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Figure 1. The external (EUS) and internal (IUS) urethral sphincter in a male foetus (12 weeks of 

gestation). A-F. 3D reconstruction in anterior view (A), posterior view (B), right-lateral view (C), 

superior view (D) and inferior view (E). The EUS is shown in blue, the IUS in pink. The urethra and 

prostate are shown in light grey. Anterior and posterior directions are represented by the letters a 

and p. F-K. Immunohistochemically stained sections. F-H. Sections from inferior (F) to superior (H) 

stained immunohistochemically for striated muscle, showing the EUS (black arrowheads). I-K. 

Sections from same level as F-H, stained immunohistochemically for smooth muscle, showing the 

IUS (red arrowheads). Note the smooth muscle tissue at the dorsal side of the urethra, where the 

striated muscle of the external sphincter is lacking (red arrow in J). Red lines in C illustrate the level 

of the sections as seen in F-H. L, levator ani muscle; PB, pubic bone; R, rectum; U, urethra. Bar = 0.5 

mm. 

 
the IUS is circular just inferior to the prostate only. In the older foetuses, the 

circularity of the IUS extends upward to cover the posterior surface of the inferior 
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Figure 2. The external urethral sphincter (EUS) in a male foetus (22 weeks of gestation). A-C. 3D 

reconstruction of the EUS (blue) in anterior view (A), posterior view (B) and right-lateral view (C). 

The EUS is shown in blue and the urethra and prostate are shown in light grey. Anterior and 

posterior directions are represented by the letters a and p. Note that the EUS partly covers the ventral 

part of the prostate. D-G. Histochemically stained transverse sections from inferior (D) to superior 

(G) showing the EUS (black arrowheads). Red lines in C illustrate the level of the sections as seen in 

D-G. L, levator ani muscle; PB, pubic bone; R, rectum; U, urethra. Bar = 1 mm. 
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Figure 3. The external urethral sphincter (EUS) in a female foetus (12 weeks of gestation). A-E. 3D 

reconstruction of the EUS (blue) in anterior view (A), posterior view (B), right-lateral view (C), 

superior view (D) and inferior view (E). The urethra is shown in light grey in A-C. Anterior and 

posterior directions are represented by the letters a and p. F-G. Transverse sections through the 

EUS. F. Section stained immunohistochemically for striated muscle. Note the close relationship 

between the EUS (black arrowheads) and the levator ani muscle (L).  G. Consecutive section to F 

stained with Sirius Red for collagen. Sirius Red stains connective tissue red and striated muscle 

yellow-brown. Note the connective tissue fascia (black arrows) between the EUS and the levator ani 

muscle. L, levator ani muscle; PB, pubic bone; U, urethra; V, vagina. Bar = 0.5 mm. 

 
part of the prostate and downward to cover the larger part of the proximal urethra 

(membranous urethra). 

 

3.2. The external and internal urethral sphincter in the female foetus 

In females, the striated EUS muscle consists of a superior part (adjacent to the 

bladder) and an inferior part (away from the bladder). The superior part is 

horseshoe-shaped with the opening on the dorsal side and covers only the anterior 

and lateral side of the urethra (Figs. 3 and 4, supplementary file 1). The inferior part 

has large muscular ‘wings’ that cover the antero-lateral portion of the urethra and 
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e lateral portionth  of the vagina. We have not found any direct attachment of the 

Figure 4. The external (EUS) and internal (IUS) urethral sphincter in a female foetus (18 weeks of 

gestation). A-E. 3D reconstruction of the EUS (blue) and IUS (pink) in anterior view (A), right-

lateral view (B), oblique view (C, with urethra in light grey), superior view (D) and inferior view (E). 

Note the superior and inferior part of the EUS (shown in B) and the absence of striated muscle on 

posterior aspect of the urethra. The inferior part of the EUS (F/G) exists of large muscular ‘wings’ 

that laterally also surround the vagina (position of the vagina illustrated by asterisk in C). Anterior 

and posterior directions are represented by the letters a and p. F-L. (Immuno)histochemically 

stained transverse sections. The position of the sections is indicated by the red lines on the insert 

below panel F. Sections from inferior (F) to superior (I), stained immunohistochemically for the 

presence of striated muscle. J. Section taken at same level as G stained with Sirius red for collagen 

(red; striated muscle: yellow-brown). Note that the EUS is connected to the levator ani muscle 

(LAM) by a dense connective tissue fascia (black arrows). K/L. Sections stained 

immunohistochemically for smooth muscle, showing the internal urethral sphincter (IUS, red 

arrowheads). Sectons of K and L were taken at same level as sections of respectively H and I. Note 

that the thickest part of IUS is at the dorsal side of the urethra, where the striated muscle of the 

external sphincter is lacking (red arrow in G). L, levator ani muscle; PB, pubic bone; U, urethra; V, 

vagina. Bar = 1 mm. 
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Figure 5 

Figure 7. 

Figure 6.  



Figure 5. Development of the vagina, urethra and external urethral sphincter (EUS) in the female foetus. 

Illustrated are 3D reconstructions in right-lateral views of the urethra (light-grey), vagina (purple) and EUS 

(blue) of female foetuses of 12 (A), 14 (B) and 18 (C) weeks of gestation. Note that the vagina opens into the 

urethra relatively superior in the 12 week foetus (A), but more inferiorly in the 14 week foetus (B). In the 20 week 

foetus the vagina has a separate opening from the urethra into the vaginal vestibule (C). Due to this 

developmental process of the vagina, the vagina grows in between the lateral portions of the inferior part of the 

EUS, thereby making it impossible that the EUS only surrounds the urethra, as it does in the male. Note that the 

3D reconstructions of the different foetuses have been scaled to equal size. 

 

Figure 6. The anatomical relation of the external urethral sphincter (EUS) and the levator ani muscle (LAM) in 

the female foetus. A-D. Right side of a midsagittaly transected 3D reconstruction of the pelvic floor of a female 

foetus (18 wks gestation). A. The anatomical relation between the external urethral sphincter (EUS, blue) and the 

levator ani muscle (LAM, red). The yellow lines illustrate the general muscle fibre direction in the EUS. The 

yellow arrow illustrates the direction of force in the inferior part of the EUS during EUS contraction. This force 

is directed posteriorly and inferiorly, towards the EUS attachment on the LAM (yellow spot, see also B) B. The 

sites of attachments of the LAM to bone (pubic bone (P), ischial spine (I) and coccyx (C)) and to the EUS are 

indicated. The thin black lines illustrate the general muscle fibre direction in the different muscle portions of the 

LAM. Due to the composition of these muscle fibre directions, during a LAM contraction, the main direction of 

force is both anteriorly and superiorly (black arrow). This force compresses the rectum and moves it, together 

with the vagina, anteriorly and superiorly. C. 3D reconstruction with the vagina in position (purple, V). 

Contraction of the LAM (as seen in B) will force the vagina anteriorly and superiorly (direction of force 

transmission on vagina indicated by black arrow). Simultaneous contraction of the EUS (blue, direction of force 

illustrated by blue arrow) will result in compression of the urethral lumen, as illustrated by the two dotted lines. 

D. 3D reconstruction illustrating the tendinous arch of the fascia pelvis (TAFP, purple, black arrowheads) 

coursing over the medial/superior surface of the LAM between the ischial spine (not shown) and the pubic bone 

(PB). The sites of attachments of the LAM to bone (pubic bone (P), ischial spine (I) and coccyx (C)) and of the 

TAFP to the pubic bone (pink line) are indicated. Part of the LAM attachment to the pubic bone is not visible due 

tot the illustration of the TAFP. See panel B for fully visible site of attachment. Note that the TAFP is situated 

laterally to the superior part of the EUS (compare panel D to panel A). E. Sirius Red stained transverse section 

showing the TAFP attachment to the pubic bone (arrows). Note the position of the TAFP lateral to the urethra 

and EUS (white arrowheads). The dotted line in panel D illustrates the level of the section shown in E. EUS, 

external urethral sphincter; IR, inferior pubic ramus; L, levator ani muscle; PB, pubic bone; U, urethra; V, 

vagina. Bar = 1mm. 

 

Figure 7. The anatomical relationship of the external urethral sphincter (EUS) to the levator ani muscle (LAM) in 

adults. A-D. Transverse sections through the external urethral sphincter (EUS) and the levator ani muscle of an 

adult female (54 yrs). A. Superior part of the EAS (arrowheads). Section stained immunohistochemically for 

striated muscle. B. Sequential section stained with Sirius Red for connective tissue. C. Inferior part of the EUS 

(arrowheads). Section stained immunohistochemically for striated muscle. D. Sequential section stained with 

Sirius Red for connective tissue. Note in C that in the adult the anatomical relationship between the inferior part 

of the EUS and the LAM is still maintained. The contrast of images A and C was increased digitally. L, levator ani 

muscle; U, urethra; V, vagina. 
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EUS to the bony pelvis. Instead, the dorso-lateral border of the inferior portion of 

the EUS is attached by a tendinous connection to the medial side of the puborectalis 

portion of the LAM (Figs. 4G/J, 6A/B). This muscle-muscle connection is already 

recognizable at 12 weeks of development (Fig. 3). 

 Whereas the superior portion of the male EUS only covers the anterior side 

of the urethra, possibly due to the size of the developing prostate [3], it is the 

inferior portion of the female EUS that does not surround the urethra due to the 

development of the vagina. Early in development (12 weeks of gestation, Fig. 5A), 

the vagina opens into its vestibule relatively close to the bladder neck. During 

further development, the opening of the vagina into its vestibule shifts distally to 

acquire its definitive configuration at 18 weeks (Fig. 5B/C). Since the EUS develops 

before this apparent distal migration of the vaginal opening, the vagina is 

interposed between the lateral portions of the EUS. The presence of the vagina, 

therefore, makes it impossible for the EUS to surround the urethra, as it does in the 

male. 

The superior part of the smooth muscle IUS (Fig. 4C/L, supplementary file 

1) corresponds topographically in the female with the superior part of the EUS, but 

completely surrounds the urethra. The bulkiest part of the IUS is present on the 

dorsal side of the urethra, where striated EUS muscle is lacking (compare Fig. 4L 

with 4I, supplementary file 1). The part of the IUS that corresponds to the inferior 

part of the EUS is, like the EUS at this level, not circular, but only covers the anterior 

and antero-lateral parts of the urethra (Figs. 4C/K, supplementary file 1). 

Furthermore, the smooth muscle of the IUS does not extend as far caudally as the 

EUS (Fig. 4C, supplementary file 1). 

 

3.3. Urethral support 

The superior part of the EUS is covered laterally by the tendinous arch of the pelvic 

fascia and the LAM (Fig. 6). This tendinous arch courses on the supero-medial 

surface of the LAM between ischial spine and the pubic bone below the bladder 

neck. The other prominent support structure of the urethra is its direct dorsal 

connection to the anterior vaginal wall (Fig. 4) [21].  
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3.4. Adult anatomy 

The general anatomy in the adult is similar to that in the foetus. In the female, at 

the level of the superior portion of the EUS, the LAM is situated lateral to the EUS 

(Fig. 7A/B). The inferior part of the EUS and LAM are still connected via tendinous 

tissue (Fig. 7C/D). However, due to the increased circumference of the vagina, the 

inferior part of the EUS embraces the vagina to a lesser extent than in the foetus. 

 

3.5. Muscle fibre orientation 

The attachment of the EUS to the LAM makes the EUS dependent on the LAM for 

proper contraction and urethral closure (Fig. 6). The muscle fibres in the EUS in the 

foetus radiate out in a fan-like fashion from the junction between the superior and 

inferior part of the EUS in an antero-superior direction in the superior part of the 

EUS and in an postero-inferior direction in its inferior part (Fig. 6A), confirming an 

earlier description [8;9]. 

 

3.6. The levator ani muscle 

In the fetus, as in the adult, the LAM is attached on both sides to the pubic bone, the 

ischial spine and the coccyx (Fig. 6B). The LAM can be divided traditionally into 

different muscle portions according to its bony attachments and muscle fibre 

direction (Fig. 6B). The pubococcygeus/iliococcygeus muscle portion is attached 

anteriorly to the pubic bone and posteriorly to the ischial spine. In between these 

attachments, the LAM is affixed to the internal obturator muscle via its tendinous 

arch. The puborectalis portion of the muscle is formed by the most antero-inferior 

muscle fibres that are attached to the pubic bone anteriorly and surround the 

rectum as a sling posteriorly.  

 In the female, the inferior part of the EUS is attached via a tendinous 

connection to the puborectalis muscle (Figs. 4G/J, 6A/B, supplementary file 1). 

Contraction of the puborectalis muscle pulls the rectum anteriorly [22]. The vagina 

is pushed anteriorly by this force, so that increased pressure develops on the 

posterior urethral wall, compressing the urethral lumen (Fig. 6C). The contraction 

of the LAM compresses the rectum and moves the recto-vaginal complex anteriorly 

and superiorly towards the urethra in a plane that lies parallel to, but superior of 

that of the EUS. Simultaneous contraction of the LAM and EUS therefore causes an 
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anteriorly convex bend in the mid-urethra, that is, at the position where the greatest 

voluntary increase in intraurethral pressure upon pelvic floor contraction develops 

[10;23]. A similar attachment of the EUS to the LAM is absent in the male. 

 

4. Discussion 

This study confirms the existence of a superior and an inferior part of the EUS. 

Previous studies in females further divided the inferior part of the EUS into the 

urethrovaginal sphincter and the compressor urethrae [8;10], but this was refuted 

by a more recent study [3]. A small lateral muscular protrusion, possibly 

representing the compressor urethrae, can indeed almost always be identified in 

the EUS (arrowheads in Fig. 4C). In our view, this protrusion should not be 

recognized as a separate muscle portion, because its topography and putative 

function clearly group it with the inferior sphincter. We did not find any evidence 

for an attachment of the inferior portion of the EUS to the inferior pubic ramus. The 

claim probably results from the fact that Oelrich had no immunohistochemically 

stained specimens available [8;9], which complicates the delineation of the muscle 

boundaries. 

Topographically, the inferior portion of the EUS occupies the space that is 

attributed in virtually all standard textbooks to the deep transverse perineal muscle 

or urogenital diaphragm. However, neither we nor other authors could identify the 

bony attachments that are usually associated with this muscle [7;11;14;24]. 

The functional implications of the tendinous attachment of the EUS to the LAM in 

the female have not been noted previously. In fact, active involvement of levator ani 

muscles in continence was considered unlikely, since this muscle does not 

completely encircle the urethra [3]. More recent studies did, however, note that the 

inferior part of the EUS and its fascia (the perineal membrane) were fixed to the 

medial edge of the levator ani sling [11;24].  

 We and others [3] observed a pronounced sexual dimorphism in the 

development of the EUS. In male foetuses, the superior part of the EUS only covers 

the anterior part of the urethra and prostate, whereas the inferior part of the EUS is 

horseshoe-shaped, without anatomical fixation to the LAM. These findings imply 

that in the male voluntary urethral closure is executed by the EUS alone and that the 

EUS forms a ‘true’ functional sphincter. To maintain continence after radical 
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prostatectomy, the length of the remaining external sphincter might therefore be 

especially relevant [25]. In females, in stead, such a ‘true sphincter’ arrangement is 

present in the superior part of the EUS. Due to the presence of the vagina, fixation 

points for the inferior part of the EUS, on the LAM are needed to achieve functional 

closure of the urethra. 

 The pelvic floor muscles are a major contributing factor in urinary 

continence [e.g. 26;27]. Although the competence of the muscles of the pelvic floor 

is not directly related to their diameter [28], stress urinary incontinence in females 

is correlated with a high prevalence of lesions of the levator ani muscle and thinner 

levator ani muscles [16;27]. The sharp angulation of the levator ani muscle seen in 

MRI of healthy volunteers, is also often lost in stress incontinent patients and the 

levator ani muscle itself is often degenerated in patients [17]. 

Our morphological data indicate that simultaneous contraction of the LAM 

and EUS causes an anteriorly convex bend in the mid-urethra. Cinefluorographic 

studies have established that the level of the ‘urogenital diaphragm’ (inferior part of 

the EUS, that is attached to the LAM) is the point at which urination stops when 

women voluntarily try to stop micturation by contracting the pelvic floor muscles 

[29]. This confirms that the level of the inferior half of the EUS (level of the mid-

urethra) is the level of greatest voluntary increase in intraurethral pressure [10;23].  

 From our findings it seems that the anatomical foundation of the female 

pelvic floor is weaker than that of the male. The combination of an anatomically 

weak foundation of the female pelvic floor and the induced stresses and strains of 

pregnancy and vaginal delivery probably accounts for considerable morbidity in 

later life due to injury to either one or more of the components listed above. 

 Our study has identified two components of the urethral closure 

mechanism in the female. In agreement with previous studies [14;15], we find that 

contraction of the LAM compresses the vagina against the posterior side of the 

urethra. Our study additionally demonstrates that the inferior part of the EUS 

muscle in the female is attached to the puborectalis portion of the LAM through a 

tendinous connection. This implies that the function of the urethral sphincter 

depends on the proper function of the LAM. To our knowledge, this important 

anatomical fact has not been established previously. 
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5. Conclusion 

The EUS muscle has no bony attachments and is, in females, attached to the levator 

ani muscle by a tendinous connection. When the LAM loses its functional abilities, 

the fixation points of the EUS become displaced and dysfunction can result. 
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CHAPTER 7 - SMOOTH-MUSCLE ACTIN-EXPRESSION IN THE PELVIC CONNECTIVE TISSUE 

Abstract 

Background: Several studies demonstrated that the connective tissue of the adult 

pelvic floor contains smooth-muscle cells. Additionally, it has been suggested that 

the pelvic floor muscles are composed partly of smooth muscle. However, a 

comprehensive description of the distribution of smooth muscle cells in the pelvic 

floor is unavailable.  

Objective: To investigate the development and distribution of the smooth-muscle 

component of the connective tissue in the pelvic floor.  

Design, Setting, and Participants:  We collected pelvic-organ blocks of three complete 

foetal pelves (two female, 12 and 18 weeks of gestation; one male, 12 weeks of 

gestation), the pelvic organs and surrounding tissue of one male infant (7 years) 

and three adults (1 male, 2 females). Histological sections were prepared and 

stained (immuno)histochemically. Additionally, levator ani muscle (LAM) biopsies 

were collected from 19 adult cadavers. 

Measurements: The three-dimensional distribution of smooth-muscle actin-positive 

(SMA-positive) cells was visualized. 

Results and Limitations: In the foetus, SMA-positive cells were found in the connective 

tissue of the levator hiatus that surrounds the pelvic organs and connects them to 

the medial surface of the Levator ani muscle (LAM). Around the rectum, this 

smooth “levator hiatus muscle” (LHM) merges with and is part of the longitudinal 

smooth muscle layer of the rectum. The LHM remains present throughout life, 

expanding coincident with the increasing size of the pelvis and pelvic organs. We 

cannot exclude that some SMA-positive cells in the LHM are recruited from 

fibroblasts. Furthermore, more young adult specimens are needed to fully 

characterize the LHM.   

Conclusions: The connective tissue surrounding the pelvic organs in the levator 

hiatus contains many SMA-positive smooth-muscle cells. This smooth “levator 

hiatus muscle” forms, together with the striated muscles of the pelvic floor, an 

integral and probably essential component of the pelvic organ support system.  
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1. Introduction 

The pelvic floor plays a central role in continence and pelvic organ support [1]. 

While the striated muscles of the pelvic floor give active support, the fascial 

connective tissue of the pelvic floor is considered to provide the passive support 

that is necessary to counteract the effects of constant and intermittent elevations of 

intra-abdominal pressure [1].  

Several studies have demonstrated that the connective tissue of the adult 

pelvis contains smooth-muscle cells [2-7]. Smooth muscle has been demonstrated 

in the adult pubourethral, pubovesical and puboprostatic ligaments [4-6], the 

uterosacral ligaments [7] and the tendinous arch of the pelvic fascia [3;8]. 

Additionally, it has been suggested that the pelvic floor muscles of adults are 

composed in part of smooth muscle [9-11], and that the interface between the 

levator ani muscle and the pelvic organs contains smooth muscle. That a smooth 

so-called “rectourethralis” or “rectovaginalis” muscle exists in the male [12-16] and 

female [13] that is fused with the longitudinal muscle layer of the rectum has also 

been reported. Functionally, the smooth muscle cell-containing pelvic connective 

tissue may actively support the pelvic organs [3;4;7]. 

It should be noted that fibroblasts can acquire a smooth muscle-like 

phenotype and function. These fibroblasts are then said to differentiate into so-

called “myofibroblasts” [17;18]. Both genuine smooth muscle cells and 

myofibroblasts express α-smooth muscle actin (SMA). What was previously 

described as “smooth muscle” in the studies cited above might therefore in reality 

represent myofibroblasts. To prevent this confusion, we describe these cells in the 

“Results” section of our study by their expression pattern (e.g. “SMA-positive 

cells”).     

Previous studies [2;4-7;9;11] always associated SMA-positive cells (or cells 

with a smooth-muscle phenotype) with an anatomical structure, such as the 

uterosacral ligament [7]. Since the SMA-positive cells have been found in several 

different structures in the pelvis, the question arises whether the expression of SMA 

might be a general property of the connective tissue in the pelvic floor. Our main 

study goal therefore was to establish the origin and distribution of the SMA-

positive cells in connective tissue of the pelvic floor. To do so, we collected seven 

soft-tissue blocks from cadaver pelves of foetal, child and adult females and males. 
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Additionally, 34 biopsies were taken from female and male adult levator ani 

muscles to investigate SMA expression inside and surrounding this striated muscle. 

Samples were sectioned serially and stained immunohistochemically for muscle-

specific markers. Our study is the first to demonstrate wide-spread SMA expression 

in all connective tissue of the pelvic floor. 

 

2. Material and Methods 

2.1. Collection of pelvic organ blocks and tissue specimens  

Large transverse sections were prepared of the pelvic organs and surrounding 

tissue from individuals of different ages. Three complete foetal pelves (two females, 

12 and 18 weeks of gestation and one male, 12 weeks of gestation) were embedded 

and sectioned as described below. In addition, the pelvic organs (urethra, vagina, 

anterior rectal wall) and surrounding tissue of one infant (male, 7 years) and three 

adults (1 male, 77 years and 2 females, 54 and 86 years) were removed en bloc and 

embedded and cut as described below. The foetal pelves were fixed in 4% 

formaldehyde. The other specimens were fixed in a mixture of methanol, acetone 

and water (2:2:1).  

 

2.2. Collection of levator ani muscle (LAM) biopsies 

A total of 34 biopsies were taken from the LAM of 19 adult cadavers (8 females and 

11 males; age at death (74-91 yrs) was available for 8 of the 18 individuals). The 

specimens were obtained from donated cadavers used for education purposes at the 

Academic Medical Center of the University of Amsterdam and Leiden University 

Medical Center. These cadavers had been fixed in a formalin-based mixture. From 

each pelvis, a specimen was taken from the anterior and the posterior part of the 

LAM, with the exception of four female pelves. From these four only one specimen 

was collected. Biopsies were only taken if the superior fascia of the LAM had 

remained undamaged during prior anatomy dissections performed on the cadaver. 

Anterior specimens were taken laterally to the urethra/prostate/uterus. Posterior 

specimens were taken laterally to the rectum. Position of anterior and posterior 

biopsies is shown in Figure 4I.  

 

2.3. Processing of specimens 

 148



The specimens were embedded in paraplast and cut on a conventional microtome. 

The pelvic organ specimens were sectioned at 10 μm in the transverse plane. The 

LAM specimens were sectioned at 7 μm perpendicularly to the muscle fibre 

direction. 

 

2.4. (Immuno)histochemistry 

Immunohistochemical stainings were performed, using the alkaline phosphatase-

mediated detection method [19;20]. Sections were stained with antibodies directed 

against α-smooth muscle actin (SMA, monoclonal antibody, Sigma, A-2547; 

1:2,000) and smooth-muscle myosin-heavy chain type 2 (smMHC2, monoclonal 

antibody, AbCam, ab683; 1:1,000), which are proteins that are typically present in 

smooth muscle tissue and/or myofibroblasts, and with antibodies directed against 

striated-muscle myosin-heavy chain (Upstate, clone A4.1025; 1:1000), a protein 

typically present in striated-muscle tissue. As secondary antibody alkaline-

phosphatase-conjugated goat anti-mouse (1:100) was used. Sirius-red staining was 

used to visualize collagen in connective tissue. Haematoxylin-azophloxine was 

used as an overview staining. 

 

2.5. Three-dimensional reconstructions 

Digital images from the foetal serial sections were used to prepare three-

dimensional reconstructions with the Amira software package (v3.0, TGS Template 

Graphics Software, http://www.tgs.com) [19;20]. 

 

3. Results  

3.1. SMA expression in the pelvic connective tissue 

In the foetuses, SMA-positive cells were present in the pelvic connective tissue that 

is located on the medial surface of the LAM, where the pelvic organs 

(urethra/striated (external) urethral sphincter muscle and the rectum) transit 

through the most caudal part of the LAM (that is, the levator hiatus) (Figs. 1, 2). It 

should be noted that at 12 weeks of development (foetus in Figs. 1 and 2), the 

vagina still opens into its vestibule relatively close to the bladder neck [21]. For this 

reason, the vagina is not present at the level of the SMA-positive tissue in Figs 1 and 

2. This “levator hiatus muscle” (LHM) merges with and is part of the longitudinal 
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Figure 1. 

Figure 2. 

smooth muscle layer around the rectum (Fig. 2). The lateral side of the LHM is 

intimately connected to the LAM, while dorsal to the rectum, the LHM similarly 

extends into the median raphe that connects the LAM to the coccyx (Figs. 1, 2). The 

smooth-muscle tissue of the internal urethral sphincter, arteries, veins and 

intestine stain, as expected, also positive (Fig. 1), supporting the specificity of the 

staining procedure. However, the tendinous arch of the pelvic fascia, which is 

already identifiable in foetuses, does not contain SMA-positive cells at this stage  
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Fig. 1. Smooth-muscle actin and striated myosin heavy-chain expression in the pelvic floor of a 

female (A-F; 12 wks of gestation) and a male foetus (G-J; 12 wks of gestation) shown in transverse 

sections. Myosin heavy-chain expression is shown in the top row of images (A, C, G, I) and smooth-

muscle actin expression in consecutive sections in the bottom row (B, D, F, H, J). Panel E shows a 

section stained with haematoxylin-azophloxine. Panels A, B, G and H show sections through the 

caudal part of the levator ani muscle (LAM) and external anal sphincter muscle at the level where the 

organs transit through the most caudal part of the LAM (i.e., the levator hiatus). Note the smooth-

muscle actin-positive (SMA-positive) tissue (levator hiatus muscle (LHM), arrowheads in B and H) 

ventral and medial to the puborectalis part of the LAM. The smooth internal urethral sphincter 

muscle is also visible (panel D, H, J; grey arrows). Also note that these sections lie immediately 

caudal to the striated external urethral sphincter muscle (visible in panel C and G; black arrows). 

Sections C, D, I and J are located at the level of the median raphe of the LAM, which connects the 

LAM to the coccyx. Note the SMA-positive tissue in the median raphe (arrowheads in D and H). 

Sections E and F are located at the level of the pubic symphysis, just cranial to sections C/D. The red 

arrows illustrate the position of the tendinous arch of the pelvic fascia. Note that the tendinous arch 

does not express SMA in the foetus (F). Bar = 1 mm. Cx, Coccyx, EAS, external anal sphincter 

muscle; IR, inferior ramus of pubic bone; LAM, levator ani muscle; PS, pubic symphysis; R, rectum; 

U, urethra; V, vagina; Ve, vaginal vestibule.   

 

Fig. 2. Threedimensional reconstruction of the levator ani muscle and the SMA-positive levator 

hiatus muscle in a female foetus (12 wks of gestation) in cranial oblique view, without the urethra 

and vagina (A) and with the urethra and vagina shown solid (B) or transparent (C). The LAM is 

shown in red, the longitudinal smooth muscle layer of the rectum in bright yellow and the SMA-

positive cells of the levator hiatus muscle (LHM, grey arrowheads) in a darker yellow tint. The LHM 

surrounds the foetal vestibule and rectum, and is intimately connected to the medial surface of the 

LAM. Similarly, the SMA-positive cells are also present in the median raphe of the LAM that 

connects the LAM dorsally to the coccyx (black arrowheads). Note that the levator hiatus muscle 

merges with and is part of the longitudinal smooth muscle layer of the rectum (transition from dark 

to bright yellow). For orientation, the three bony attachments of the LAM to the pubic bone (Pb), 

ischial spine (Is) and coccyx (Cx) are illustrated. 

(Fig. 1E/F). Similarly to the foetuses, the specimens of the 7-year-old infant and the 

adults show a high expression of SMA in the connective tissue that fills the space 

between the striated muscles of the pelvic floor and the pelvic organs (Fig. 3). 

 

3.2. SMA expression in the fascia of the levator ani muscle (LAM) 

Thirteen of 22 male biopsies (59%) and 3 out of 12 female specimens (25%), that is, 

16 of all 34 biopsies (47%) contained SMA-positive cells (Fig. 4, table 1). Ten of the 

20 anterior specimens (50%) and 6 of the 14 posterior specimens (43%) contained 
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Figure 3. 

Figure 4. 



Fig. 3. Smooth-muscle actin (SMA) expression in the connective tissue of the pelvic floor of a male 

infant (A/B), a female adult (C/D) and a male adult (E/F). Panels in top row are stained for SMA (A, 

C, E) and panels in bottom row are stained for striated muscle myosin (B, D, F). SMA expression is 

visible in the infant (B) and adults (D and F) in the area that is not filled with striated muscle or 

epithelium (B, D, F). Bars are 5 mm. EUS, external urethral sphincter; IUS, internal urethral 

sphincter; LAM, levator ani muscle; R, rectum, U, urethra, V, vagina. 

 

Fig. 4. Biopsy specimens of the levator ani muscle (LAM), illustrating the variation in the density of 

SMA-positive cells in the connective tissue of the LAM. Panels A – D show sections stained for the 

presence of striated-muscle myosin-heavy chain. Panels E – H show consecutive sections to A – D, 

respectively, stained for SMA. Panel I shows the approximate position were anterior (A) and 

posterior (P) LAM biopsies were taken. Note the prevalence of SMA expression in the superior fascia 

of the LAM (panels F to H). Insets in panels E and F show a detail of the SMA-positive tissue in a 

consecutive section stained for smooth-muscle myosin-type 2. A, anterior biopsy position; CM, 

coccygeal muscle; IS, ischial spine; LAM, levator ani muscle; OIM, obturator internus muscle; P, 

posterior biopsy position; PM, piriformis muscle; PS, pubic symphysis; R, rectum; S, Sacrum; SF, 

superior fascia of the levator ani muscle; U, urethra; V, vagina. Bar = 1 mm. 

SMA-positive cells. Whenever SMA-positive cells were present, they were situated 

in the connective tissue fascia of the LAM. In most cases, the SMA-positive cells 

were situated in the superior connective-tissue fascia of the LAM, but in some 

cases, SMA-positive cells were also found in the intramuscular connective-tissue 

fascia (Fig. 4E). 

 

3.3. Smooth-muscle myosin heavy-chain type 2 (smMHC2) expression 

We could not demonstrate smMHC2 expression in any SMA-positive tissue in the 

foetal pelves. In the fascia of the adult LAM, smMHC2 expression was visible in 

several specimens (inset in Fig. 4E/F). The SMA-positive cells in the connective 

tissue surrounding the organs in the levator hiatus did, however, not stain with this 

specific smMHC2 antibody, but SMA-positive cells in the fascia of the LAM (and in 

blood vessels) did.  

 

4. Discussion 

Our study demonstrates that already in the foetus, at the level where the (long) 

foetal vestibule and rectum transit the LAM, the connective tissue between the 

pelvic organs and the LAM contains many SMA-positive cells. This fact 
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demonstrates that this tissue is, in addition to the striated pelvic-floor muscles, an 

integral component of the pelvic organ-support system. This component exists in 

the early foetus and remains present throughout life, expanding in a coordinated 

fashion with the increasing size of the pelvis and pelvic organs. Already in 1969, 

von Hayek alluded to this component when he stated that “the intervening, mostly 

unnoticed, smooth musculature should be of great importance for the support 

function of the pelvic connective tissue” [3]. Since then, “smooth muscle” tissue 

was repeatedly described as a functional component of the pelvic connective-tissue 

support system [2-7]. As far as we are aware, our study is the first to demonstrate 

that the expression of SMA is an integral property of the entire connective-tissue 

structure at the level of the levator hiatus in the pelvic floor. 

 

4.1. Development of SMA-positive cells in the pelvic floor connective tissue 

Around the rectum, the SMA-positive “levator hiatus muscle” of the foetus cannot 

be distinguished from the longitudinal smooth-muscle layer of the rectum. 

Presumably, this smooth-muscle complex arises as a single entity during normal 

embryonic development, coincident with the development of the smooth-muscle 

cells of the internal urethral sphincter, the blood vessels and the rectal wall.  

We have not yet been able to fully answer the question to what extent the 

SMA-positive cells found in the adult arise from pre-existing SMA-positive cells in 

the foetus (levator hiatus muscle) or are additionally recruited from fibroblasts. The 

smooth-muscle cells that are for example present in the tendinous arch of the fascia 

pelvis of adults [3;8] were not yet detectable in the corresponding foetal structure. 

The differentiation of fibroblasts into myofibroblasts and the expression of SMA 

can be induced by cytokines and matrix molecules, but also by mechanical stress 

[17;18]. The fibroblast-to-myofibroblast differentiation can increase the number of 

SMA-positive cells in the pelvis, because the connective-tissue cells of the pelvic 

floor are exposed continuously to mechanical stretch, due to intra-abdominal 

pressure, from infancy onwards. A portion of the SMA-positive tissue expresses 

myosin heavy-chain type 2, which allows the cells to actively contract. However, we 

were not yet able to show myosin expression in all SMA-positive cells of the pelvic 

floor. It is known that even individual SMA-positive cells may express one or more 
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myosin heavy-chain isoforms [22], leaving open the possibility that the SMA-

positive, smMHC2-negative cells express a different myosin heavy-chain isoform.   

Previous studies described a smooth muscle structure in the male [12;14-

16] that occupies the space surrounding the urethra, striated external urethral 

sphincter, the longitudinal smooth-muscle layer of the rectum and the bilateral 

levator ani slings [16]. This so-called “rectourethralis muscle” has a similar 

distribution as the “levator hiatus muscle” that we now describe in both male and 

female. More recently, the rectovaginals muscle was described as the counterpart of 

the rectourethralis muscle in the female [13]. In our opinion, both muscles are a 

singled-out portion of the SMA-expressing pelvic connective tissue that we found in 

the adult. This interpretation also explains why the different studies on the 

rectourethralis muscle reported quite diverging descriptions of the anatomy of this 

muscle [12-16]. 

That the longitudinal smooth-muscle layer of the rectum has a smooth 

muscle anchor to the LAM has been previously described in anatomical  and 

embryological studies [23-25] and has also been illustrated in anatomical atlases 

(e.g. [26]). Our study demonstrates however that the smooth muscle is not 

restricted to the rectum but that it also supports the urethra and vagina. 

 

4.2. Function of the SMA-positive tissue in the pelvic connective tissue 

Stretch is an important stimulus to induce smooth-muscle activation [27]. 

Increases in intra-abdominal pressure are therefore a likely cause of smooth muscle 

cell contraction. Interestingly, a study on estrogen and progesterone receptors in 

the uterosacral ligament demonstrated that these receptors are only found in the 

nuclei of the SMA-positive cells of this ligament [28]. Estrogens facilitate smooth 

muscle cell contraction, whereas progestogens promote their relaxation, at least in 

the uterus [29], whereas estrogens, progestogens, and androgens induce relaxation 

of vascular smooth muscle cells [30]. These data suggest that, particularly in 

females, the functionality of the smooth-muscle component of the pelvic floor 

changes in relation to the ovarian cycle and age of the patient. In this respect it may 

also be of importance that a rectovaginalis muscle was not described as a structural 

entity in (histological sections of) the adult female pelvis [16].  
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4.3. SMA-positive cells in the levator ani muscle 

Only a few studies describe “smooth muscle” components in the human levator ani 

muscle. A distinctive “smooth muscle” layer was described on the superior surface 

of the medial part of the LAM, which tapered off laterally into isolated bundles of 

smooth muscle cells [9]. In neonatal specimens, this smooth-muscle layer was not 

yet identifiable [9]. This description fits with our description of the levator hiatus 

muscle, except that we already identified this structure in the foetus. The LAM 

biopsies that were investigated in our study were taken more laterally, in the area 

where only SMA-positive strands were found previously [9]. Another study 

reported varying amounts of “smooth muscle” in the posterior part of the 

pubococcygeus muscle of women who did or did not suffer from stress urinary 

incontinence, without apparent differences between both groups [11]. We also 

found varying amounts of SMA-positive tissue in our LAM biopsies, but SMA-

positive tissue was equally present in the anterior and posterior specimens. 

Our study clearly shows that the high density of SMA-positive cells is a 

feature of the connective tissue that fills the levator hiatus rather than of the LAM 

itself. This characteristic aspect of the pelvic smooth muscle compartment was thus 

far not described. Recent studies have, however, demonstrated smooth-muscle 

cells in the medial part of the fascia of the pelvic floor of adult males [10] and in the 

fascia connecting the external urethral sphincter to the LAM [2], which underscores 

our findings.  

 

5. Conclusion 

The connective tissue surrounding the pelvic organs in the levator hiatus contains 

many SMA-positive smooth muscle cells. This “levator hiatus muscle” forms, 

together with the striated muscles of the pelvic floor, an integral and probably 

essential component of the pelvic organ support system.  

 

Acknowledgements 

The authors would like to thank Prof. Fibo JW ten Kate, Ivan L Nectar and Leo GM 

Kerkhoff of the Pathology department (AMC Amsterdam, the Netherlands) for their 

help with the collection of tissue specimens. CW is supported by a grant from the 

John L. Emmett Foundation for Urology, The Netherlands. 

 156



References 

 

 (1)  Ashton-Miller JA, DeLancey JO. Functional anatomy of the female pelvic 

floor. Ann N Y Acad Sci 2007; 1101:266-296. 

 (2)  Nakajima F, Takenaka A, Uchiyama E, Hata F, Suzuki D, Murakami G. 

Macroscopic and histotopographic study of the deep transverse perineal 

muscle (musculus transversus perinei profundus) in elderly Japanese. 

Annals of Anatomy - Anatomischer Anzeiger 2007; 189:65-74. 

 (3)  Von Hayek H. Das Bindegewebe und die glatte Muskulatur des 

Beckenbodens. In Alken CE, Dix VW, Goodwin WE, Wildbolz E, editors. 

Handbuch der Urologie - 1. Anatomie und Embryologie. Berlin, 

Heidelberg, New York, Springer Verlag, 1969, pp. 279-313. 

 (4)  Petros P. The pubourethral ligaments--an anatomical and histological 

study in the live patient. International Urogynecology Journal 1998; 9:154-

147. 

 (5)  Wilson PD, Dixon JS, Brown AD, Gosling JA. Posterior pubo-urethral 

ligaments in normal and genuine stress incontinent women. J Urol 1983; 

130:802-805. 

 (6)  Albers DD, Faulkner KK, Cheatham WN, Elledge EF, Coalson RE. Surgical 

anatomy of the pubovesical (puboprostatic) ligaments. J Urol 1973; 

109:388-392. 

 (7)  Reisenauer C, Shiozawa T, Oppitz M, Busch C, Kirschniak A, Fehm T, 

Drews U. The role of smooth muscle in the pathogenesis of pelvic organ 

prolapse--an immunohistochemical and morphometric analysis of the 

 157



CHAPTER 7 - SMOOTH-MUSCLE ACTIN-EXPRESSION IN THE PELVIC CONNECTIVE TISSUE 

cervical third of the uterosacral ligament. Int Urogynecol J Pelvic Floor 

Dysfunct 2008; 19:383-389. 

 (8)  Pit MJ, De Ruiter MC, Nijeholt AABL, Marani E, Zwartendijk J. Anatomy of 

the arcus tendineus fasciae pelvis in females. Clinical Anatomy 2003; 

16:131-137. 

 (9)  Shafik A, Asaad S, Doss S. The Histomorphological Structure of the 

Levator Ani Muscle and its Functional Significance. International 

Urogynecology Journal and Pelvic Floor Dysfunction 2002; 13:116-124. 

 (10)  Murakami G, Nakajima F, Sato TJ, Tsugane MH, Taguchi K, Tsukamoto 

T. Individual variations in aging of the male urethral rhabdosphincter in 

Japanese. Clinical Anatomy 2002; 15:241-252. 

 (11)  Gilpin SA, Gosling JA, Smith ARB. The pathogenesis of genitourinary 

prolapse and stress incontinence of urine: a histological and histochemical 

study. British journal of obstetrics and gynaecology 1989; 96:15-23. 

 (12)  Brooks JD, Eggener SE, Chao WM. Anatomy of the rectourethralis muscle. 

Eur Urol 2002; 41:94-100. 

 (13)  Yucel S, Baskin LS. An anatomical description of the male and female 

urethral sphincter complex. Journal of Urology 2004; 171:1890-1897. 

 (14)  Porzionato A, Macchi V, Gardi M, Parenti A, De CR. Histotopographic 

study of the rectourethralis muscle. Clin Anat 2005; 18:510-517. 

 158



 (15)  Sebe P, Oswald J, Fritsch H, Aigner F, Bartsch G, Radmayr C. An 

embryological study of fetal development of the rectourethralis muscle--

does it really exist? J Urol 2005; 173:583-586. 

 (16)  Uchimoto K, Murakami G, Kinugasa Y, Arakawa T, Matsubara A, 

Nakajima Y. Rectourethralis muscle and pitfalls of anterior perineal 

dissection in abdominoperineal resection and intersphincteric resection 

for rectal cancer. Anat Sci Int 2007; 82:8-15. 

 (17)  Hinz B, Gabbiani G. Mechanisms of force generation and transmission by 

myofibroblasts. Current Opinion in Biotechnology 2003; 14:538-546. 

 (18)  Tomasek JJ, Gabbiani G, Hinz B, Chaponnier C, Brown RA. 

Myofibroblasts and mechano-regulation of connective tissue remodelling. 

Nature Reviews Molecular Cell Biology 2002; 3:349-363. 

 (19)  Wallner C, Maas CP, Dabhoiwala NF, Lamers WH, DeRuiter MC. The 

Innervation of the Pelvic Floor Muscles: A Reappraisal for the Levator Ani 

Nerve. Obstetrics & Gynecology 2006; 108:529-534. 

 (20)  Wallner C, van Wissen J, Maas CP, Dabhoiwala NF, DeRuiter MC, Lamers 

WH. The contribution of the Levator Ani Nerve and the Pudendal Nerve to 

the innervation of the Levator Ani Muscles; a study in human fetuses. 

European Urology 2007; DOI: 10.1016/j.eururo.2007.11.015. 

 (21)  Wallner C, Dabhoiwala NF, DeRuiter MC, Lamers WH. The anatomical 

components of urinary continence. Eur Urol 2008; (accepted). 

 159



CHAPTER 7 - SMOOTH-MUSCLE ACTIN-EXPRESSION IN THE PELVIC CONNECTIVE TISSUE 

 (22)  Eddinger TJ, Meer DP. Myosin II isoforms in smooth muscle: 

heterogeneity and function. Am J Physiol Cell Physiol 2007; 293:C493-

C508. 

 (23)  Macchi V, Porzionato A, Stecco C, Vigato E, Parenti A, De CR. Histo-

topographic study of the longitudinal anal muscle. Clin Anat 2008; 21:447-

452. 

 (24)  Fritsch H, Brenner E, Lienemann A, Ludwikowski B. Anal sphincter 

complex: reinterpreted morphology and its clinical relevance. Dis Colon 

Rectum 2002; 45:188-194. 

 (25)  Fritsch H, Aigner F, Ludwikowski B, Reinstadler-Zankl S, Illig R, Urbas D, 

Schwarzer C, Longato S. Epithelial and muscular regionalization of the 

human developing anorectum. Anat Rec (Hoboken ) 2007; 290:1449-1458. 

 (26)  Netter FH. Atlas of Human Anatomy. 2nd ed. New Jersey, ICON Learning 

Systems, 2001. 

 (27)  Halka AT, Turner NJ, Carter A, Ghosh J, Murphy MO, Kirton JP, Kielty 

CM, Walker MG. The effects of stretch on vascular smooth muscle cell 

phenotype in vitro. Cardiovasc Pathol 2008; 17:98-102. 

 (28)  Mokrzycki ML, Mittal K, Smilen SW, Blechman AN, Porges RF, 

Demopolous RI. Estrogen and progesterone receptors in the uterosacral 

ligament. Obstetrics and Gynecology 1997; 90:402-404. 

 (29)  Mesiano S, Welsh TN. Steroid hormone control of myometrial contractility 

and parturition. Semin Cell Dev Biol 2007; 18:321-331. 

 160



 (30)  Khalil RA. Sex hormones as potential modulators of vascular function in 

hypertension. Hypertension 2005; 46:249-254. 

 

 

 161



CHAPTER 7 - SMOOTH-MUSCLE ACTIN-EXPRESSION IN THE PELVIC CONNECTIVE TISSUE 

 

 

 162



CHAPTER 8 

 

 

GENERAL DISCUSSION –  

THE PELVIC FLOOR IN CONTINENCE 

AND PELVIC ORGAN SUPPORT  
 

 

 

 

 

 

 

To be published as: 

Wallner C, Dabhoiwala NF, DeRuiter MC, Lamers WH (in prep). The pelvic floor in 

continence and pelvic organ support. 

 

 

 

 

 

 

 

 

163 



CHAPTER 8 - GENERAL DISCUSSION 

 

The pelvic floor plays an important role in urinary and faecal continence and pelvic 

organ support. Anatomically, it is a complicated part of the human body and much 

of its anatomy is controversial. In the last few years several functional and 

anatomical studies were performed that provided new insights into the function 

and dysfunction of this important part of the human body. In this review we 

summarize the latest structural findings of the pelvic floor that bear on its function 

in continence and pelvic-organ support. The following topics will be discussed: 1. 

levator ani muscle (LAM), 2. urethral sphincter muscles, 3. bulbospongiosus and 

ischiocavernosus muscle, 4. connective tissue and smooth muscle components of 

the levator hiatus. Finally, we discuss the relation between pelvic organ prolapse 

and the pelvic floor. 

 

1. The levator ani muscle (LAM) 

The LAM forms the main muscle of the pelvic floor and is believed to play an 

important role in urinary [1] and faecal continence [2;3]. The superior part of the 

LAM is attached to the pubic bone, the ischial spine, the sacrum/coccyx, and the 

tendinous arch of the levator ani between the pubic bone and ischial spine. Since 

these attachments are immobile, this part of the LAM serves as a dynamic support 

of the pelvic floor. Because its primary function is support rather than movement, 

fibrous tissue often replaces the muscular component later in life (see further 

down). The puborectal part of the LAM, which is situated inferior to the LAM’s 

posterior attachment to the coccyx [4], is attached to the pubic bone anteriorly and 

forms a sling around the dorsal aspect of the rectum. If the puborectal muscle 

contracts, the rectum is pulled anteriorly and closed to hold faeces within the 

rectum [5]. This way the LAM plays an important role in the maintenance of faecal 

continence. 

 

Different populations of patients with stress urinary incontinence were shown to 

have a thinner [6-10] or damaged LAM [11], or damage of the nerve supply to the 

pelvic floor [12;13]. Women with a levator trauma are not only prone to develop 

stress urinary incontinence [6;10;14], but also pelvic organ prolapse [15;16]. The 

LAM is particularly prone to damage during vaginal delivery. Imaging studies of 

post-delivery females showed that the LAM can be damaged especially at its pubic 
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attachment [14;16-18]. Different models of LAM stretch during passage of the foetal 

head through the pelvic outlet predict a maximum muscle stretch of 160% [19;20], 

326% [21] and 350% [22], which exceeds the 150% that is the physiologically 

possible stretch of the actin-myosin complexes without injury of skeletal muscle 

[23].  If the outcome of the two studies that predict maximum stretches of > 300% 

apply to real-life deliveries, every delivery would result in a major trauma of the 

LAM. Two anatomical aspects seem crucial for the models' predictions: 1. The 

attachments of the different parts of the LAM; and 2. The muscle fibre direction 

within the muscle.  

 

In one model [21], the muscle with the highest stretch (326%) is a part of the 

pubococcygeus muscle that inserts into the perineal body between the vagina and 

the rectum. This relatively short muscular sling would have to stretch enormously 

when the foetal head passes the vagina. However, this specific part of the 

pubococcygeus muscle was never evident in our studies [4]. This observation 

reveals that a universally accepted, detailed topographic description of the anatomy 

of the LAM is not yet available. The model which predicts a maximum stretch of 

350% does not give such clear components of the LAM [22]. The model was 

developed from a 3D reconstruction of an MRI of a nulliparous woman. The LAM 

was modelled as a single muscle that was equally stretchable in all directions. 

Muscle-fibre direction was not implemented as a factor in the model. Muscles can 

only stretch physiologically in the direction of the muscle fibres. Stretch in another 

direction will not result in overstretched muscle fibres, but in the loss of the 

integrity of the endo-, peri-, and epimysial connective tissue and in a condition that 

resembles straining the connective tissue attachment of a muscle.  

 

The only model that did implement muscle fibre direction was the one that showed 

a maximum stretch of 160% [19;20;24;25]. This finding is quite close to the 

maximally allowable stretch without injury of skeletal muscle. This model assumes 

that the muscle fibres in the iliococcygeal and puborectal muscles have a parallel 

orientation [19;20;24;25]. In contrast, in the model predicting a 326% stretch, the 

muscle fibres in the iliococcygeal muscle have a latero-medial orientation as 

opposed to the antero-posterior orientation of the fibres in the puborectal muscle 

 165



CHAPTER 8 - GENERAL DISCUSSION 

 

[21]. Even if the boundary conditions of the “160%” model are confirmed, the 

finding demonstrates that giving birth touches the physiological limits of the 

human “Bauplan”. The divergent findings in these cited studies emphasize that we 

should not only determine the proper topographic anatomy of the pelvic muscles, 

but also the regional differences in fibre orientation. 

 

The measurement of stretch during deliveries may have been biased by the fact that 

> 300%-stretch models of the pelvic floor are based on MRI images. The normal 

pelvic floor of a person in an up-right position is subject to intra-abdominal 

pressure. In the supine position, the intra-abdominal pressure is lower, which may 

relax the LAM and induce the typical funnel configuration of the LAM on MRIs. The 

160%-stretch model, on the other hand, was based on cadaver measurements 

[19;20;24;25]. It is self-evident that the anatomical basis of the discrepancy between 

MRI and cadaveric models has to be solved. 

 

The superior part of the LAM is fixed by its attachments to the pubic bone, the 

ischial spine and the coccyx. During delivery, this part of the LAM will not stretch 

much. The portion of the LAM that is free to stretch is the puborectal muscle. In 

agreement, this muscle was always one of the muscles that did have maximum 

stretch the stretch models [19-22]. 

 

An additional point of anatomical controversy is the nerve supply to the LAM. Until 

recently, most reports, anatomical atlases, and text books stated that the pudendal 

nerve, which runs inferior to the pelvic floor muscles (coccygeus muscle (CM) and 

LAM), was the sole nerve that innervated the LAM. Research by us [26-29] and 

others [30-33] has now shown that the LAM is innervated by direct sacral branches 

(“Levator ani nerve”; LAN) from sacral nerves S3 and/or S4. The LAN courses ~1 

cm medial to the tip of the ischial spine over the superior surface of the coccygeus 

muscle/sacrospinous ligament-complex and LAM to innervate the LAM on its 

superior surface [26;28;29]. The pudendal nerve contributes to the innervation of 

the LAM in ~50% of cases [26]. This nerve approaches the LAM on its inferior side. 
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Injury of the nerve supply to the pelvic floor is also associated with pelvic floor 

dysfunction [13;34-37]. In a model study similar to the muscle stretch model [21], 

stretch of the pudendal nerve during delivery was estimated [38]. The different 

branches of the pudendal nerve were estimated to stretch up to 35%, while the 

threshold at which nerve damage occurs is 15% stretch. In the nerve stretch model 

[38], it was concluded that the proximal parts of the nerves are exposed to the 

greatest stretch. This model predicts that the branches of the LAN are even more 

prone to damage, since this nerve enters the LAM near the ischial spine [28], a 

point more proximal than the fixation points of the pudendal nerve branches. This 

apparent paradox will also have to be addressed anatomically and biomechanically.  

 

The LAN is additionally prone to damage during pelvic surgery. Sacrospinous 

ligament fixation for vaginal vault prolapse is typically performed by placing one or 

more permanent stitches through the ligament about 1 cm medial to the ischial 

spine [39], that is, exactly where the LAN usually passes on its course to the LAM 

[28;30]. Also during surgery for primary rectal cancer (Total Mesorectal Excision, 

TME), the branches of the LAN are at risk. The TME procedure removes the rectum 

with its primary lymphovascular field of drainage as an intact package. Under 

direct vision, sharp dissection divides the mesorectal fascia, i.e. the visceral fascia 

surrounding the mesorectum from the pelvic parietal fascia overlying the LAM, 

which form pre-existing embryologically determined planes. At the level where the 

rectum passes the levator hiatus, the mesorectal and pelvic parietal fascia merge. 

The LAN is situated directly under the parietal fascia. The removal of the common 

visceral and parietal fascia from the LAM, therefore, exposes the LAN to surgical 

injury. TME on cadaver pelves has indeed demonstrated that the LAN is at risk, 

especially with low tumors [29]. Furthermore, the origin of the levator ani nerve is 

located in close proximity to the origin of the pelvic splanchnic nerves. Therefore, if 

the pelvic splanchnic nerves are damaged surgically, simultaneous LAN damage 

often occurs [29].  
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2. The external urethral sphincter muscles 

Women with stress urinary incontinence often have a weakened or asymmetric 

contractility of the pelvic floor [6;10], which implies a role of the LAM in urinary 

continence. The mechanism by which the LAM aids in urinary continence is less 

well delineated than in faecal continence. The established model states that the 

‘intrinsic continence mechanism’ causes urethral closure by contraction of the 

external urethral sphincter muscle (striated muscle) and the internal urethral 

sphincter muscle (smooth muscle). The ‘extrinsic continence mechanism’, which is 

formed by the pelvic floor muscles, organs and support structures surrounding the 

urethra and urethral sphincter muscles [40], is thought to support the intrinsic 

continence mechanism. In our opinion, however, such a functional dichotomy does 

not exist. 

 

In females, the EUS is a horseshoe-shaped muscle rather than a “true” circular 

sphincter. The EUS has no direct muscular attachment to the bony pelvis [4]. The 

EUS consists of a superior part (adjacent to the bladder) and an inferior part (distal 

from the bladder). In females, the superior part covers only the urethra, while the 

inferior part covers both the urethra and an antero-lateral portion of the vagina. 

This latter part of the EUS is firmly attached to the puborectal part of the LAM by a 

tendinous connection to the puborectal part of the LAM [4]. In males, the EUS also 

originates as a horseshoe-shaped structure with the opening on the dorsal side, but 

the involution of the Mϋllerian tubes allows the inferior part of the muscle to reflect 

on the posterior surface of the urethra. As a result, a fibrous connection with the 

LAM does not develop [4]. In females, contraction of the puborectal muscle pulls 

the rectum and vagina anteriorly [5], so that increased pressure develops on the 

posterior urethral wall, compressing the urethral lumen [4;40]. In addition, the 

contraction of the puborectal sling moves the recto-vaginal complex anteriorly and 

superiorly towards the urethra in a plane that lies parallel, but superior to that of 

the EUS [4]. Simultaneous contraction of the LAM and EUS, therefore, causes an 

anteriorly convex bend in the mid-urethra, that is, at the position where the greatest 

increase in intraurethral pressure upon voluntary pelvic-floor contraction develops 

[41;42]. Interestingly this is also the level where the tension-free vaginal tape is 

placed [43].  
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This description shows that EUS function is dependent on an intact LAM: if this 

muscle is damaged, stretched, or has its attachments moved during delivery, the 

EUS loses its fixation point on the LAM and can no longer function properly. In our 

view, this dependence of the EUS on the integrity of the LAM explains why urinary 

continence is so often affected by LAM lesions.  

 

3. Bulbospongiosus, ischiocavernosus and “transverse perineal” muscles  

The weak point in the pelvic organ support system is the hiatus, where the organs 

pass the LAM. The bulbospongiosus and ischiocavernosus muscles are usually 

stated to have a sexual function [44]. However, since the muscles partly fill the 

space inferior to the levator hiatus, they can also support the pelvic floor during 

episodes of increased intra-abdominal pressure, such as coughing, laughing or 

during weight-lifting. This putative role of the bulbospongiosus and 

ischiocavernosus muscles is underscored by the marked hypertrophy of these 

muscles in the male individual of the Visible Human Project, who was an active 

body-builder [45]. In females, these muscles are less developed [46]. 

 

The anatomy and presence of the “transverse perineal muscle” has long been a 

controversial issue. Anatomically, it can be concluded that the “deep transverse 

perineal muscle” is, in fact, the inferior part of the EUS (see previous section for 

anatomy of the EUS), and not a separate muscle of the pelvic floor [4;47;48]. The 

‘urogenital diaphragm’ (also known as the “perineal membrane” [48]), which is 

described as formed by the deep transverse perineal muscle and surrounding 

connective tissue fascia, is therefore not a separate anatomical structure in the 

pelvic floor. As explaned above, the inferior part of the EUS in males bends dorsally 

around the urethra, so that a separate deep transverse perineal muscle or perineal 

membrane does not exist. These conclusions explain why previous descriptions of 

the urogenital diaphragm were contradictory in the sense that some studies clearly 

identified a urogenital diaphragm whereas others denied its existence [4;47-53].  

 

4. Connective tissue and smooth muscle components of the levator hiatus 

While the striated muscles of the pelvic floor give active support, the fascial 
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connective tissue of the pelvic floor is considered to provide the passive support 

that is necessary to contravene the effects of constant and intermittent elevations of 

intra-abdominal pressure [54]. Connective-tissue fascias cover the superior and 

inferior surface of the pelvic floor. Additionally, the different muscles of the pelvic 

floor are connected to each other by connective tissue and to the bony pelvis.  

 

Several studies have demonstrated that the connective tissue of the adult pelvis 

contains smooth muscle cells [49;55-62]. Smooth muscle has been demonstrated 

in the adult pubourethral, pubovesical and puboprostatic “ligaments” [57-59], the 

uterosacral “ligaments” [60-62] and the tendinous arch of the pelvic fascia [56;63]. 

The presence of ligaments between the urethra, bladder, prostate and the pubic 

bone has been questioned [64]. Also structures in the pelvis that are called 

“ligaments”, such as the cardinal ligament, uterosacral ligament, and the lateral 

ligament of the rectum are actually not genuine ligaments, but strands of nerves 

and vessels embedded in connective tissue [65].  

 

We have recently demonstrated that in the foetus, smooth-muscle cells in the 

levator hiatus connect the medial surface of the LAM with the pelvic organs [55]. 

Around the rectum, this smooth “levator hiatus muscle” (LHM) merges with and is 

part of the longitudinal smooth muscle layer of the rectum. The LHM remains 

present throughout life, expanding coincident with the increasing size of the pelvis 

and pelvic organs. Additional myofibroblasts in the adult pelvic floor may be 

recruited from fibroblasts [55]. In any case, the LHM cannot be distinguished from 

the perivaginal and periurethral smooth muscle layer in histological sections of the 

pelvic floor of cadavers.  

 

The LHM anchors the urethra, vagina and rectum to the LAM at the level of the 

levator hiatus. This architecture prevents these organs from descending through 

the hiatus. Although women with prolapse have a larger levator hiatus than women 

without prolapse [66], prolapses do not originate at the level of the hiatus but more 

superiorly and descend through the vagina [67]. The pelvic organs are further 

suspended by the endopelvic fascia, the connective-tissue network that envelops the 

pelvic organs and connects them to the supportive musculature of the pelvic floor 
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and the bony pelvis [67]. Stretching or disruption of these connective-tissue 

attachments can occur during vaginal delivery or hysterectomy, or as a result of 

chronic straining or ageing [68] and predisposes to the development of a prolapse 

[67]. 

 

The main pelvic floor muscles (LAM and coccygeus muscle) are homologous with 

the tail-moving muscles in quadruped vertebrates [69]. In humans, upright 

walking and the tail remnant lashed between the legs no longer allows isotonic 

contractions of these muscles (with the exception of the puborectal muscle). This 

new configuration apparently changed the function of these muscles adaptively 

towards pelvic organ support to assist the role of the connective tissue in this 

respect. Such a support function can also be performed by connective tissue fascia, 

which is energetically more efficient [70]. This model accommodates the relatively 

strong development of connective tissue support in the pelvic floor and the 

relatively weak development of pelvic floor musculature [69;71;72]. 
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Dear Editor, 

With great interest I read the recent publication of Dietz et al [1] in your journal. 

The authors describe that buttock pain occurred post-operatively in ~18% of 

patients undergoing sacrospinous hysteropexy for pelvic organ prolapse. The 

authors state in their discussion that the pain can be explained by injury to nerves of 

the sacral plexus, such as the branches of the pudendal nerve. Here, I would like to 

propose that this pain can be explained by injury of the ‘levator ani nerve’, the nerve 

that lies on the superior surface of the sacrospinous ligament and in the area of the 

operative field. This explanation has been neglected in clinical studies so far. 

 Recent research by our [2, 3] and others groups [4-8] has emphasized that 

the levator ani muscle is innervated not only by the pudendal nerve from its inferior 

surface, but also by the levator ani nerve from its superior surface. The levator ani 

nerve originates directly from the sacral plexus and courses on the superior surface 

of the coccygeus muscle/sacrospinous ligament complex towards the superior 

surface of the levator ani muscle (Fig. 1). On its trajectory, it crosses the 

sacrospinous ligament 0-4 cm medial to the ischial spine [2, 6-8]. As sutures are 

placed through the sacrospinous ligament approximately 2 cm medial to the ischial 

spine during sacrospinous hysteropexy or sacrospinous ligament fixation in 

general, the procedure can injure the levator ani nerve [2, 5-8] and thereby entail 

the sensation of buttock pain. Additional injury to the pudendal nerve may also 

occur, because the pudendal nerve, which lies inferior to the sacrospinous ligament, 

is only 4-11 mm apart from levator ani nerve [2]. 

 

Christian Wallner 

Department of Anatomy & Embryology, Academic Medical Center, University of 

Amsterdam, Amsterdam, the Netherlands 
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Figure 1. The levator ani nerve (LAN). Left side of a midsagittally transsected pelvis of an adult 

female cadaver. Arrowheads illustrate the course of the levator ani nerve. Note the LAN’s course in 

the vicinity of the ischial spine (white pinhead). 
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To the Editor – With great interest I have read the article by Guo and Li1 on the 

anatomy of the levator ani and especially puborectalis muscle by use of MRI and 

CT. The authors state that the levator ani has a transverse portion and a vertical 

portion and that the puborectalis muscle is a u-shaped muscle outside the vertical 

portion. From those findings the authors conclude that the puborectalis is not a 

part of the levator ani muscle. The concept that the puborectalis muscle is 

anatomically a part of the external anal sphincter muscle, rather then of the levator 

ani muscle has previously been proposed from a cadaver study.2  

Although the puborectalis and external anal sphincter muscle form a functional 

unit in maintaining continence, developmental studies give evidence that the 

puborectalis is anatomically a part of the levator ani muscle. Studies on the levator 

ani muscle from (immuno)histochemically stained serial sections of human fetuses 

clearly show that the pubococcygeus and puborectalis muscle have intervening and 

inseparable muscle fibers at their pubic origin3,4 while the puborectalis muscle and 

external anal sphincter muscle have no muscle fiber connection and are separated 

by connective tissue3,5 (Fig. 1). Additionally the puborectalis and external anal 

sphincter muscle appear at different time points during development.3 

Furthermore, developmental and conventional dissection studies show that the 

levator ani muscle (including the puborectalis) is innervated by the levator ani 

nerves on the superior side while the pudendal nerve innervates the external anal 

sphincter and has only a minor contribution to the levator ani muscle innervation.5-

7 Therefore it can be concluded that the puborectalis is anatomically a part of the 

levator ani muscle and not of the external anal sphincter. Studies such as those by 

Guo and Li1,8 give important and clinically relevant results on the function of the 

pelvic floor muscles in continence. Caution should however be taken to draw 

anatomical conclusions from such studies without considering robust 

developmental and anatomical studies. 

   

Christian Wallner 

Department of Anatomy & Embryology, Academic Medical Center, University of 

Amsterdam, Amsterdam, The Netherlands 
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Figure 1. Transverse section through the external anal sphincter muscle (EAS) and the puborectalis 

portion (PR) of the levator ani muscle (female fetus, 14 weeks of gestation). The section was stained 

immunohistochemically for striated muscle, as described elsewhere.6 Note the clear separation of the 

two muscles (arrowheads). Bar = 1 mm. EAS, external anal sphincter muscle; PR, puborectalis muscle; 

R, rectum; V, vaginal vestibule. 
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Dear Editor, 

With great interest we have read the recent review by Bharucha (1). The part on the 

nerve supply to the pelvic floor is interesting, since this is one of the few reviews 

discussing the controversy of pelvic floor, and particularly, puborectalis muscle 

innervation. Early literature based on dissections suggested that the puborectalis is 

innervated from below by the pudendal nerve, but later electrophysiological data 

showed evidence that direct branches from the sacral plexus (‘nerve to the levator 

ani’ or ‘levator ani nerve’) innervate the puborectalis muscle from above (2). 

Bharucha called for further investigations to clarify the innervation of the 

puborectalis muscle (1).  

We have extensively investigated the innervation of the pelvic floor 

through macroscopical dissections of adult pelves and through 

(immuno)histochemically stained sections of human foetuses. The levator ani 

nerve was evident in every single pelvis we dissected. It originates from the 3rd-4th 

sacral foramina innervating the different parts of the levator ani muscle by several 

branches. The main branch of the levator ani nerve runs superficial on the levator 

ani muscle to enter the muscle in the pubococcygeus and puborectalis part 

anteriorly (Fig. 1A). In some pelves, the main branch of the levator ani nerve entered 

the levator ani muscle more proximally (3). Whether these branches run through 

the levator ani muscle to innervate the puborectalis is difficult to assess from 

macroscopical dissections. However, histological sections of human foetuses 

showed that the levator ani nerve does progress intramuscularly towards the 

puborectalis muscle and does innervate this part of the pelvic floor as well (Fig. 1B). 

Further studies on the anatomical variations of the levator ani nerve are in progress.  

A dissection study investigating the female pelvic floor innervation by 

Barber et al (4) also found the puborectalis to be innervated by the levator ani nerve. 

The clinical relevance of these findings is evident: denervation of the 

puborectalis muscle as a part of the pelvic floor can lead to faecal and/or urinary 

incontinence and pelvic organ prolapse. Nerve damage due to pressure and 

stretching during complicated childbirth and pelvic surgical interventions is more 

easily conceivable with the innervation being situated above the pelvic floor. 

 

C. Wallner, C.P. Maas, N.F. Dabhoiwala, W.H. Lamers & M.C. DeRuiter 
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Figure 1. A. The levator ani nerve (arrowheads) innervating the pelvic floor (midsagittally transected 

adult female pelvis). B. Transverse sections through part of the puborectalis muscle, surrounding 

the rectum (female foetal pelvis, 14 wks gestation). The section was stained immunohistochemically 

for striated muscle tissue. C. Sequential section stained immunohistochemically for nerve tissue. 

Note the levator ani nerve (arrowhead) in the anterior part of the puborectalis muscle. Bar = 0.5 

mm. 
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NEDERLANDSE SAMENVATTING 
De bekkenbodem is van groot belang voor het ondersteunen van de bekkenorganen 

en het handhaven van continentie. Disfunctie van de bekkenbodem na een zware 

bevalling of door chirurgische schade is dan ook een veelvoorkomend verschijnsel. 

Alleen al in de Verenigde Staten worden jaarlijks bijna 300.000 operaties uitgevoerd 

om verzakkingen en (stress) urine-incontinentie te verhelpen. 

 Vanuit anatomisch oogpunt is de bekkenbodem een van de meer 

gecompliceerde onderdelen van het menselijk lichaam, met veel onderdelen 

waarvan de anatomie nog omstreden is. Zo bleken enkele functionele modellen van 

de bekkenbodem op verkeerde anatomische inzichten te berusten. Wellicht 

verklaart deze betrekkelijke onkunde waarom bijna 30% van de operaties voor 

verzakkingen en (stress) urine-incontinentie uitgevoerd wordt op patiënten die al 

eerder een dergelijke operatie hebben ondergaan. De constatering dat disfunctie 

van de bekkenbodem een probleem is met een sub-optimale behandeling geeft 

verder aan dat nieuwe structurele en functionele inzichten nodig zijn om 

vooruitgang in de behandeling van disfunctie te realiseren.  

 In dit promotieonderzoek zijn verschillende controversiële anatomische 

kwesties over de bekkenbodem nader bestudeerd. De anatomische studies zijn voor 

een groot deel gebruikt om een klinisch probleem te kunnen verklaren en oplossen. 

Dit promotieonderzoek toont op een duidelijke manier aan hoe klinisch-

anatomische studies, en dus ook klinische anatomen door samen te werken met 

clinici, een belangrijke bijdrage kunnen leveren bij het oplossen van klinische 

problemen. 

  De bekkenbodem bevat verschillende  spieren die de bekkenuitgang 

afsluiten (Hoofdstuk 2). Sommige van deze spieren, zoals de kringspieren, hebben 

een specifieke rol in continentie voor urine of faeces. De grootste spier van de 

bekkenbodem, de levator ani spier (musculus levator ani), is belangrijk voor beide 

vormen van continentie en voor ondersteuning van de bekkenorganen. 

Evolutionair gezien is deze spier uiterst interessant. Bij gewervelde viervoeters met 

een staart loopt de levator ani spier van het benige bekken naar de eerste paar 

staartwervels. Bij deze dieren heeft de spier dus een functie in het bewegen van de 
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staart. Tijdens de evolutie heeft de mens zijn staart grotendeels verloren en is hij 

recht op gaan lopen. Hierdoor heeft de spier, en de bekkenbodem als geheel, de 

ondersteunende functie voor de bekkenorganen gekregen. Overigens hecht de 

levator ani spier nog steeds aan op de vier of vijf overgebleven en vergroeide 

staartwervels. Men zou dus kunnen stellen dat de mens door het recht oplopen en 

de nieuwe constructie van de bekkenbodem met zijn staart tussen de benen is gaan 

lopen. 

 Door de oorspronkelijk verschillende functies van de kringspieren 

(continentie) en de levator ani spier (staartspier) lijkt het aannemelijk dat de 

kringspieren en de levator ani spier ook aparte zenuwen worden aangestuurd 

(“geïnnerveerd”) door respectievelijk de nervus pudendus en de nervus levator ani. 

Toch was tot voor kort de opvatting dat beide groepen spieren door dezelfde zenuw, 

de nervus pudendus, worden geïnnerveerd. In dit promotieonderzoek is de vraag 

over de innervatie van de levator ani spier nader onderzocht (Hoofdstukken 3-5). 

Om de innervatie te bestuderen is gebruik gemaakt van seriële histologische coupes 

van humane foeten, waar 3D reconstructies van werden gemaakt met behulp van de 

computer. Om het verloop van de zenuwen en de relatie met de spieren en 

bekkenorganen te bestuderen werd dissectie verricht op stoffelijke overschotten. 

Uit de resultaten blijkt dat de levator ani zenuw zowel bij vrouwen (Hoofdstuk 3 en 

4) als bij mannen (Hoofdstuk 4 en 5) altijd aanwezig is. De zenuw heeft zijn 

oorsprong in de sacrale zenuwtakken S3 en/of S4 en loopt over de craniale zijde 

(bovenzijde) van de bekkenbodem ca 1 cm mediaal van de spina ischiadica om 

vervolgens de levator ani spier binnen te treden. Terwijl de levator ani zenuw zich 

aan de craniale zijde van de bekkenbodem bevindt, loopt de n. pudendus aan de 

caudale zijde (onderzijde) van de bekkenbodem. Om de vraag te beantwoorden of 

ook de n. pudendus de levator ani spier innerveert hebben we het verloop van deze 

zenuw bestudeerd (Hoofdstuk 4). Uit de studie blijkt dat de levator ani zenuw in 

100% van de bestudeerde gevallen bijdraagt aan de innervatie van de levator ani 

spier, terwijl de n. pudendus slechts bij 50-60% van de individuen een bijdrage 

levert. Door zijn verloop aan de craniale zijde van de bekkenbodem loopt de n 

levator ani gevaar beschadigd te worden tijdens operatieve ingrepen in het bekken. 

Het is bekend dat de “totale mesorectale excisie” (TME) van rectumtumoren vaak 

incontinentie bij patiënten teweeg brengt. Een voor de hand liggende reden 
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hiervoor zou disfunctie van de bekkenbodem door beschadiging van de levator ani 

zenuw kunnen zijn. Om dit te bestuderen hebben we TME’s uitgevoerd op 

stoffelijke overschotten en vervolgens door middel van dissectie nagegaan of er 

zenuwschade was opgetreden (Hoofdstuk 5). Uit de studie blijkt dat tijdens een 

TME de levator ani zenuw inderdaad beschadigd kan raken, met name in gevallen 

waar de tumor laag in het rectum zit. Deze studie geeft een mogelijke nog niet 

eerder bekende verklaring voor post-operatieve incontinentie na operaties voor 

rectumtumoren.     

 Vrouwen met urine incontinentie hebben vaak een dunnere of beschadigde 

levator ani spier. Tot nu toe was echter geen afdoende anatomische verklaring voor 

het verband tussen een beschadigde levator ani spier en urine continentie 

beschikbaar. Om deze vraag op te lossen hebben we de anatomische relatie van de 

levator ani spier met de uitwendige kringspier van de urinebuis (m. sphincter 

urethra externus, een dwarsgestreepte spier) opnieuw bestudeerd (Hoofdstuk 6) in 

seriële coupes van humane foeten, die immuunhistochemisch gekleurd en 

driedimensionaal gereconstrueerd waren. Ook werd de volwassen anatomie 

bestudeerd. Uit ons onderzoek blijkt dat de uitwendige kringspier van de urinebuis 

geen directe aanhechting aan het benige bekken heeft. Bij de vrouw heeft het 

caudale (onderste) gedeelte van de sfincter daarentegen een pezige verbinding met 

de levator ani spier. Hierdoor is de kringspier van de urinebuis voor zijn functie 

afhankelijk van de functie van de levator ani spier. Als de levator ani niet meer 

functioneert kan de uitwendige kringspier niet meer goed worden samengetrokken 

en de urinebuis niet meer afgesloten worden. Bij de man, daarentegen, is de 

kringspier door de afwezigheid van de schede een echte cirkelvormige spier. 

 Een aantal studies hebben aangetoond dat het bindweefsel in de 

bekkenbodem gedeeltelijk uit glad spierweefsel bestaat. Bovendien is beschreven 

dat de levator ani spier van de mens gedeeltelijk uit glad spierweefsel zou bestaan. 

Het gladde spierweefsel zou naast de skeletspieren van de bekkenbodem en het 

bindweefsel extra steun kunnen geven aan de organen van het bekken. Ook de 

gladde spiercomponent van de bekkenbodem werd bestudeerd tijdens dit 

promotieonderzoek met behulp van immuunkleuringen met antilichamen die het 

actine-eiwit van gladde spiercellen herkennen (Hoofdstuk 7). Reeds in de foetus 

komt glad spierweefsel voor op de plaats waar de bekkenorganen door de levator 
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ani spier lopen (de zogenaamde hiatus levatorius). Deze gladde spier, de levator 

hiatus spier, is vormt één geheel met de longitudinale gladde spierlaag van het 

rectum en verankert de bekkenorganen in de levator ani spier. Op deze manier 

vormt de levator hiatus spier, naast de skeletspieren van de bekkenbodem en het 

erbij behorende bindweefsel, een extra steunmechanisme voor de bekkenorganen. 
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