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Introduction

The pelvic anatomy is somewhat challenging to both 
surgeons and anatomists. It is a narrow and deep region that 
encompasses intestinal, gynecologic, and urologic viscera, 
vessels, nerves, and fascial attachments. Understanding 
the pelvic anatomy in detail is difficult in vivo. Knowledge 
obtained from anatomic dissections and descriptions must 
be associated with data from physiologic and endoscopic 
investigations (1). 

The dome-shaped pelvic floor is composed of striated 
muscle sheets, nerves, ligaments, and fascia and traversed 

by the urethra, vagina, and anal canal. The pelvic floor not 
only supports the pelvic viscera, but also has a key role in 
promoting urinary and anal continence. Thus, the pelvic 
floor is a multifunctional structure. These functions are 
largely attributed to its fibroelastic network, interconnecting 
organs, and virtual spaces to the osseous pelvis (2-4). 

Rather than simply traversing the levator hiatus, pelvic 
viscera have an important role in the pelvic floor structure, 
configuration, and function. The anatomical and functional 
integration is due to sphincter mechanisms as well as other 
muscles and their attachments. Thus, because of their 
integrated anatomical and physiological aspects, viscera are, 
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frankly, considered as part of the pelvic floor (4). 

Osseous pelvis

The osseous pelvis supports the pelvic viscera, floor and 
its attachments, and transfers the weight of the torso to 
the lower legs. It includes the hip (pelvic or innominate) 
bones formed by the ilium, ischium, and pubis, as well as 
the sacrococcygeal segments. The pubic symphysis and 
sacroiliac joints are supported by ligaments, which allows 
movement and flexibility. Hormonal changes during 
pregnancy further increase flexibility and the potential 
capacity of the pelvis. The sacral promontory (pectineal line 
of the pubis) and superior pubic ramus form the pelvic brim 
circumferentially, marking the pelvic inlet. The classic four 
broad pelvic types are gynecoid, anthropoid, android, and 
platypelloid, determined by the pelvic inlet shape, although 
the shape and size of the bony pelvis varies considerably.

The greater (“false”) pelvis supports the lower abdominal 
viscera above the pelvic brim, specifically the ileum and 
sigmoid colon. Below the pelvic brim, the lesser (“true”) 
pelvis is the most relevant to the pelvic organs and for 
support of the pelvic floor. The bilateral sacrotuberous 
and sacrospinous ligaments attach the ischial tuberosity 
and ischial spines to the sacrum within the lesser pelvis. 
Although substantial pelvic floor support relies on normal 
levator ani function, its innervation, and fascial attachments, 
the osseous pelvis and sacrotuberous and sacrospinous 
ligaments are crucial in maintaining pelvic stability (5).

Pelvic floor musculature

The pelvic muscles are divided into five categories including 

the pelvic floor muscles (levator ani), anal sphincter 
complex, pelvic sidewall muscles, and anterior perineal 
muscles (6-8). 

Based on phylogenetics, the anal sphincter and pelvic 
floor muscles originate from two cloaca groups, the 
sphincteric group and lateral compressor group (9). The 
sphincteric group is present in almost all animals. In 
mammals, it is divided into two components - urogenital 
and anal (10). In primates, the anal component originates 
at the external anal sphincter. In reptiles and mammals, 
the pelvicaudal group is more differentiated and originates 
at the ischiococcygeus, pubococcygeus and ileococcygeus 
muscles. Most primates have an additional muscle fiber 
group, in close proximity to the inner border of the 
pelvicaudal muscle that attaches the rectum to the pubis. 
In humans, these fibers are more developed and form the 
puborectalis muscle.

Levator ani muscle

The levator ani muscle is also called the pelvic diaphragm 
and is the main pelvic floor component. The levator ani 
muscle is in a continuous state of contraction, similar to 
the external anal sphincter and some postural muscles, 
providing active support to the intrapelvic viscera against 
the intrabdominal pressure that helps to prevent pelvic 
organ prolapse (11). The levator ani consists of symmetric 
muscle sheets comprised of three striated muscles: 
ileococcygeus, pubococcygeus, and puborectalis. It may 
also include a variable fourth muscle, the coccygeous or 
ischiococcygeous (Figure 1). The ischiococcygeous muscle 
originates at the ischial spine and is then inserted into the 
lower sacral and upper coccygeal segments. The coccygeous 

Figure 1 The pelvic floor pelvic or superior view (A) and perineal or inferior view (B). Illustrations by Marcos Retzer (In Memoriam) from 
the Department of Gastroenterology of the University of Sao Paulo, Sao Paulo, Brazil.
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muscle is contiguous with the sacrospinous ligaments and 
helps reinforce the posterior pelvic floor.

The ileococcygeus begins at the ischial spine and 
posterior portion of the obturator fascia (arcus tendineus 
levator ani), coursing medially and inferiorly to insert at 
the anoccygeal raphe and lateral aspects of the distal sacral 
and coccygeal bones, along with fibers from the opposite 
side. The pubococcygeus arises from the inner surface of 
the pubis and anterior aspect of the obturator fascia, runs 
dorsally along the anorectal junction to decussate with 
fibers of the opposite side at the anococcygeal raphe, and 
inserts on the anterior surface of the fourth sacral and first 
coccygeal segments. The pubococcygeous is also known 
as the pubovisceral because of its attachments to the pelvic 
viscera walls, including the pubovaginalis, puboperinealis, 
and puboanalis fibers. The latter refers to fibers attached 
to the anal canal at the intersphincteric plane and, with 
the puborectalis muscle, elevates the anus and anorectal 
junction.

The elliptic-shaped space between the two puborectalis 
muscles is the levator hiatus and the lower rectum, urethra, 
and either dorsal vein of the penis in males or vagina in 
females traverse it. Originating from the pelvic fascia, 
the hiatal ligament prevents the intrahiatal viscera from 
constricting during levator ani contraction. In addition, due 
to its crisscross fiber arrangement, the anococcygeal raphe 
may function as a dilator (12).

The puborectalis muscle is the most medial part of the 

levator ani muscle as a sturdy U-shaped loop of striated 
muscle that slings the anorectal junction to the posterior 
surface of the pubis (Figure 2). 

The puborectalis muscle is situated cephalad to the deep 
component of the external anal sphincter and the junction 
between the two muscles is relatively indistinct. As they both 
innervate from the pudendal nerves, the puborectalis has 
been considered as part of the external sphincter rather than 
the levator ani complex (12,13). Phylogenetic and anatomic 
studies have suggested that the puborectalis muscle may be 
part of the levator ani or the external anal sphincter (9,14). 
However, embryologically the puborectalis has a common 
primordium with the ileococcygeus and pubococcygeus 
muscles in that it is never connected to the external anal 
sphincter during the different developmental stages (15). 
Additionally, neurophysiologic studies have implied that 
innervation of these muscles may differ since stimulation 
of the sacral nerves results in electromyographic activity in 
the ipsilateral puborectalis muscle but not in the external 
anal sphincter (16). As a result of this controversy, the 
puborectalis has been considered as belonging to the levator 
ani and the external anal sphincter muscle groups (17).

Anal sphincter complex

The anal sphincter complex is formed by external 
anal sphincter, internal anal sphincter, and conjoined 
longitudinal muscles. The latter two muscles originate, 

Figure 2 Muscles of the anorectum. Illustrations by Marcos Retzer (In Memoriam) from the Department of Gastroenterology of the 
University of Sao Paulo, Sao Paulo, Brazil.
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respectively, from extensions of the circular and longitudinal 
layers of the rectum into the anal canal (18,19). The anal 
sphincter complex is supported anteriorly by the perineal 
body and its attachments to the anovaginal septum in 
females and the Denonvilliers’ fascia in males; posteriorly, 
it is attached to the coccyx by the anococcygeal ligament. 
Additional support is provided laterally by the levator ani 
and superficial transverse perineal muscles. 

External anal sphincter

The external anal sphincter is a cylindrical-shaped striated 
muscle under voluntary control and is predominantly 
comprised of slow-twitch muscle fibers that are capable 
of prolonged contraction. Originally divided into 
subcutaneous, superficial, and deep parts, the external anal 
sphincter envelops the entire internal sphincter inner tube 
and caudally 1.0 cm beyond it (20). Goligher et al. (21) 
described it as a simple continuous sheet that, along with 
the puborectalis and levator ani muscles, forms a single 
funnel-shaped skeletal muscle (Figure 3). The external 
anal sphincter has also been described as subdivided into 
deep (deep sphincter and puborectalis) and superficial 
(subcutaneous and superficial sphincter) parts (22,23). 
Additionally, Shafik (12) proposed the three U-shaped loops 
system, but this schema was not clinically supported. 

The external  anal  sphincter is  most l ikely one 
single muscle unit that is attached to the coccyx by the 

anococcygeal ligament posteriorly and anteriorly to 
the perineal body, and not divided into layers as some 
authors have described. Nevertheless, differences in the 
arrangement of the external anal sphincter have been 
described between males and females (13). In the former, 
the upper half of the external anal sphincter is enveloped 
anteriorly by the conjoined longitudinal muscle, while the 
lower half is traversed by it. In the latter, the entire external 
anal sphincter is encased by a mixed fibers derived from 
both conjoined longitudinal and internal anal sphincter 
muscles.

On endosonographic evaluation, the puborectalis 
and external anal sphincters are seen as predominantly 
hyperechoic with a mean thickness ranging from 5 to 8 mm. 
Distinction is made by position, shape, and topography. 
Anal endosonography as well as magnetic resonance imaging 
(MRI) provide three-dimensional mapping of the anal 
sphincter. These imaging technologies show differences in 
the arrangement of the external anal sphincter between the 
sexes and can diagnose sphincter injuries (24-27). Decreased 
thickness of the external sphincter in older men has been 
demonstrated. In females, decreased thickness is also likely 
related to normal aging, although with coinciding external 
sphincter defects this may lead to incontinence. In addition, 
some degree of “anatomical asymmetry” of the external 
anal sphincter is expected, and this accounts for radial and 
longitudinal “functional asymmetry” that is observed during 
anal manometry (28).

The automatic continence mechanism is formed by the 
resting tone, maintained by the internal anal sphincter, 
and magnified by voluntary, reflex, and resting external 
anal sphincter activities. In response to conditions of 
threatened continence such as increased intra-abdominal 
pressure and rectal distension, the external anal sphincter 
and puborectalis muscles reflexively and voluntarily 
contract further to prevent fecal leakage. Normally, 
maximal voluntary contraction of the external anal 
sphincter can only be sustained for 30–60 seconds due to 
muscle fatigue, However, the external anal sphincter and 
pelvic floor muscles, unlike other skeletal muscles that are 
normally inactive at rest, maintain subconscious resting 
electrical tone through a reflex arc at the level of the cauda 
equina. Histology studies have shown that the external 
anal sphincter, puborectalis, and levator ani muscles have 
predominantly type I fibers, a peculiarity of skeletal muscles 
connecting tonic contractile activity (29). Nerve supply to 
the external sphincter is from the inferior rectal branch of 
the pudendal nerve (S-2, S-3) and the perineal branch of the 

Figure 3 Posterior view of the pelvic floor and anal sphincter 
muscles. Illustrations by Marcos Retzer (In Memoriam) from the 
Department of Gastroenterology of the University of Sao Paulo, 
Sao Paulo, Brazil.
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fourth sacral nerve (S-4).

Internal anal sphincter

The internal anal sphincter, a smooth muscle, corresponds 
to the 2.5 to 4.0 cm distal expansion of the circular muscle 
layer of the distal rectum (Figure 4). The internal anal 
sphincter is in a constant state of maximal contraction due to 
myogenic and autonomic activities, providing a continuous 
barrier to the involuntary loss of rectal contents (18).  
On physical examination, the groove between the internal 
and external anal sphincters (intersphincteric sulcus) and 
lower rounded edge of the internal anal sphincter can 
easily be palpated at about 1.2 cm distal to the dentate 
line. Endosonographically, the internal anal sphincter is 
a uniform hypoechoic 2 to 3 mm thick circular band, but 
thickness increases with age (19).

Conjoined longitudinal muscle

The conjoined longitudinal muscle is formed at the level of 
the anorectal ring, originating from the outer longitudinal 
rectal layer, and mixed with fibers of the puborectalis and 
deep portion of the external anal sphincter (30) (Figure 4). 
During its descent in the intersphincteric plane, this muscle 
may give rise to medial extensions that traverse the internal 
anal sphincter and contribute to the smooth submucosal 
muscle (musculus submucosae ani, Treitz muscle) (31,32) 
Ultimately, some of its fibers, known as the corrugator cutis 
ani muscle, traverse the lowermost portion of the external 
anal sphincter and insert into the perianal skin. 

The conjoined longitudinal muscle works as a skeleton to 
support and bind together the internal and external sphincter 
complex and attach the anorectum to the pelvis (33).  
Some authors have considered that the meshwork formed 
by the conjoined longitudinal muscle functions as a support 
that prevents mucosal and rectal prolapse and can minimize 
functional deterioration of the anal sphincters after surgical 
division (34). Furthermore, the conjoined longitudinal 
muscle and its extensions to the intersphincteric plane and 
ischioanal fossa divide the adjacent tissues into subspaces 
and may have a role in the septation of thrombosed external 
hemorrhoids and containment of sepsis (31). Although 
controversial, Shafik (32) has ascribed the action of 
shortening and widening of the anal canal and eversion of 
the anal orifice to the conjoined longitudinal muscle and 
has proposed the term “evertor ani muscle”. In addition to 
this primary function during defecation, another limited 
role in maintaining anal continence has been proposed: a 
potentializing effect in maintaining an anal seal (32).

Anorectal ring and anorectal angle

The anorectal ring and anorectal angle are landmarks 
related to the puborectalis and the anorectal junction. 
The anorectal ring is a strong muscular ring around the 
anorectal junction that is a boundary of the anal canal and 
represents the upper end of the sphincter (the puborectalis) 
and is the upper border of the internal anal sphincter (20). 
The anorectal ring can be palpated on physical examination. 
Although there is no embryologic significance attributed 
to the anorectal ring, it is clinically significant as it is 

Figure 4 Coronal view of the anal canal. Illustrations by Marcos Retzer (In Memoriam) from the Department of Gastroenterology of the 
University of Sao Paulo, Sao Paulo, Brazil.
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easily palpated on physical examination and an important 
landmark for the sphincteric barrier during surgical 
treatment of anorectal fistula or while determining the level 
of a low rectal anastomosis. 

The anorectal angle is formed by the U-shaped sling 
of puborectalis muscle encircling the anorectal junction. 
Different theories have been postulated regarding the 
importance of the puborectalis and the anorectal angle in 
maintaining fecal continence. Parks et al. (35) noted that 
increasing intra-abdominal pressure pushes the anterior 
rectal wall down into the upper anal canal and occluding 
it by means of a flap valve mechanism, effectively creating 
a seal. However, it has been demonstrated that this flap 
valve mechanism, in fact, does not occur, but rather a 
continuous sphincteric occlusion-like activity attributed to 
the puborectalis occurs (36,37).

Pelvic sidewall muscles

The obturator internus and piriformis muscles line 
the pelvic posterolateral walls. The obturator internus 
originates from the pelvic surfaces of the ileum, ischium, 
and obturator membrane and exits the pelvis through 
the lesser sciatic foramen. It then inserts on the posterior 
surface of the greater trochanter. The parietal fascia 
envelopes the obturator internus and on its medial surface 
forms a thick anchoring structure to the levator ani muscle, 
the arcus tendineus levator ani. 

The piriformis arises from the sacral anterolateral surface 
and exits the pelvis through the greater sciatic foramen. It 
also inserts on the superior border of the greater trochanter. 
Both muscles primarily rotate the thigh and, unlike the 
previous groups, lack any clinical relevance in anorectal 
disorders. However, they do act as liaisons between pelvic 
cavity and the extrapelvic spaces. For example, infections 
originating in the deep postanal space may propagate along 
the obturator internus and reach the ischional fossa. 

Anterior perineal muscles and the perineal body

The perineal region is divided into two triangular shaped 
regions: posterior (or anal), relatively similar in both males 
and females, and anterior (or urogenital), comprising the 
urogenital diaphragm and external genitalia. The urogenital 
diaphragm is also known as the perineal membrane and is 
composed of the ischiocavernosus, bulbospongiosus, and 
superficial transverse muscles (Figure 5). Anteriorly-directed 
ischiocavernosus fibers arising from the posteromedial 

portion of the ischial tuberosities insert into the clitoris in 
females or de penile crus in males. The bulbospongiosus 
arises in the perineal body or central tendon in both males 
and females. In the latter, these muscles are separated in 
their course by the vaginal vestibule and insert into the 
dorsum of the clitoris. In males, the bulbospongiosus is 
fused at the midline by a raphe and covers the bulb and 
root of the corpus spongiosum of the penis. The superficial 
perineal muscle arises from the anterior aspect of the ischial 
tuberosity, transverses the perineum, and inserts into the 
perineal body.

The perineal body is also known as the central tendon 
of the perineum and is a fibromuscular structure located 
between the vagina and anus. This structure is where both 
the anal and urogenital structures attach in the midsagital 
plane. Thus, the perineal body is formed by converging 
insertions of ligaments and muscles to the midline, 
including the urogenital diaphragm, rectogenital septum, 
and superficial transverse perineal, bulbocavernosus, external 
anal sphincter, and levator ani muscles. The perineal body 
is crucial to maintain pelvic support, particularly in females, 
and its rupture during delivery may predispose pelvic organ 
prolapse and incontinence.

Rectum

The rectum is a 12–15 cm segment of large bowel that follows 
the sacral concavity and terminates anteriorly at the coccyx. 
It then abruptly angulates back to cross the pelvic floor, 
at which point it forms the anal canal. Both the proximal 
and distal limits of the rectum have been debated (38).  
The rectosigmoid junction is regarded by pelvic surgeons 
as the sacral promontory and by anatomists as S3 level. 
Similarly, pelvic surgeons consider the distal limit of 
the rectosigmoid junction to be the anorectal ring while 
anatomists believe it to be the dentate line.

The upper third of the rectum is invested by peritoneum 
on its anterior and lateral aspects, while the middle rectum 
is only covered by peritoneum anteriorly. Since the anterior 
peritoneal reflection is at 9.0 to 7.0 cm from the anal verge 
in males, and 7.5–5.0 cm in females, the entire lower third 
of the rectum is extraperitoneal.

Similarly, the posterior aspect of the rectum is entirely 
extraperitoneal. Anatomically, the rectum lacks a mesorectum 
and the fatty tissue on its posterior aspect, including terminal 
branches of the inferior mesenteric artery and enclosed by 
the fascia propria, has been referred to by surgeons as the 
mesorectum. However, a more distinct mesorectum may be 
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Figure 5 Perineal muscles and nerves in a female (A) and the male (B) pelvis. Illustrations by Marcos Retzer (In Memoriam) from the 
Department of Gastroenterology of the University of Sao Paulo, Sao Paulo, Brazil.

evident in patients with rectal prolapse. The mesorectum 
may be a targeted metastatic site from rectal cancer and can 
be removed without clinical sequelae (39).

Posteriorly, the rectum is related to the concavity of the 
sacrum and coccyx, median sacral vessels, and sacral nerve 
plexus roots. Anteriorly, it is related to the cervix uteri and 
posterior vaginal wall in females and behind the bladder, vas 
deferens, seminal vesicles, and prostate in males. 

The rectum can be characterized by three lateral curves: 
the upper and lower curves are convex to the right and the 
middle curve is convex to the left. These curves correspond 
to the folds or valves of Houston on the intraluminal 
aspect. Typically, there are two folds on the left side at 
7–8 cm and at 12–13 cm and one at 9–11 cm on the right 
side. The middle valve (Kohlrausch’s plica) is the most 
consistent and corresponds to the level of the anterior 
peritoneal reflection. However, these valves do not contain 

all the rectal wall layers and thus lack a specific function 
anatomically. However, clinically, the valves of Houston are 
very conducive for rectal biopsy as they are easily accessible 
with minimal risk of perforation (23). 

Anal canal, anus, and anal verge

Although it is the terminal short segment of the intestinal 
tract, the anal canal has an ingenious and complex 
physiology and that accounts for its essential role in 
maintaining continence as well as its susceptibility to various 
diseases. The anus, or anal orifice, is an anteroposterior 
cutaneous slit that remains virtually closed at rest along with 
the anal canal due to the tonic circumferential contraction 
of the sphincters and presence of the anal cushions. 
The anal verge or margin (anocutaneous line of Hilton) 
delineates the lowermost border of the anal canal and is 
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Figure 6 Sagittal view of the pelvis demonstrating the fascial attachments of the rectum in the female (A) and male (B) pelvis. Illustrations 
by Marcos Retzer (In Memoriam) from the Department of Gastroenterology of the University of Sao Paulo, Sao Paulo, Brazil.

sometimes used as the level of reference for measurements 
taken during endoscopic examination. However, the dentate 
line is still considered as a more precise landmark. The 
difference between the anal verge and the dentate line is 
typically 1–2 cm. The epithelium distal to the anal verge 
acquires hair follicles, glands (including apocrine glands), 
and other features of normal skin, making it a potential site 
of perianal hidradenitis suppurativa.

The “anatomic” or “embryologic” anal canal is 2.0 cm 
long, extending from the anal verge to the dentate line, 
which corresponds to the proctodeal membrane (Figure 4).

The “surgical” or “functional” anal canal is longer, 
extending to approximately 4.0 cm (in males) from the 
anal verge to the anorectal ring (levator ani). The “long 
anal canal” concept was first introduced by Milligan and 
Morgan (20) and despite not being proximally marked 
by any apparent epithelial or developmental boundary, it 
has been considered useful as both a physiological and a 
surgical parameter. The anal canal is related to the coccyx 
posteriorly, while laterally it is related to the ischioanal 
fossa and inferior rectal vessels and nerves. Anteriorly, the 
perineal body and the distal part of the posterior vaginal 
wall are seen in females and the urethra in males.

The anorectal ring is at the level of the distal end of 
the ampullary part of the rectum and forms the anorectal 
angle and begins a region of higher intraluminal pressure. 
This definition correlates with digital, manometric, and 
sonographic examinations. 

Fascial attachments of the rectum

The endopelvic fascia plays a major role in the support of 

pelvic organ and lines the pelvic walls and floor (parietal 
endopelvic fascia) and continues onto the internal organs 
as visceral pelvic fascia (Figure 6). The rectal fascia propria 
then becomes an extension of the pelvic fascia enclosing 
the rectum, fat, nerves, and blood and lymphatic vessels, 
primarily in the lateral and posterior extraperitoneal aspects 
of the rectum. 

The lateral ligaments (lateral stalks) of the rectum, which 
are distal condensations of the rectal fascia propria, form a 
triangular-like structure with the base located on the lateral 
pelvic wall and the apex attached to the lateral aspect of 
the rectum. As noted by Church and colleagues (6), these 
ligaments have been the subject of “anatomical confusion 
and misconception”. They are essentially comprised of 
connective tissue and nerves. The middle rectal artery does 
not traverse the lateral stalks of the rectum; rather it sends 
minor branches uni- or bilaterally through the rectal stalks 
in approximately 25% of cases (40,41). Division of the 
lateral stalks using electrocautery is sufficient in the vast 
majority of cases. Ligation of the stalks implies retaining 
lateral mesorectal tissue that may preclude adequate lateral 
or mesorectal margins during rectal cancer surgery (39,42).

The presacral fascia, a thickened portion of the parietal 
endopelvic fascia, covers the concavity of the sacrum 
and coccyx, nerves, middle sacral artery, and presacral 
veins. Intraoperative rupture of the presacral fascia may 
cause severe hemorrhage due to injury of the underlying 
presacral veins in 4.6% to 7.0% of cases after rectal 
cancer surgery (43-45). These presacral veins are avalvular 
and communicate with the internal vertebral venous 
system through the basivertebral veins. They can achieve 
hydrostatic pressures of approximately 2–3 times the 

Rectosacral fascia

Presacral fascia

Fascia propria of rectum

Rectovaginal fascia

Rectosacral fascia

Presacral fascia
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normal pressure of the inferior vena cava in the lithotomy 
position (43). Consequently, presacral hemorrhage can be 
life-threatening due to the high hydrostatic pressure. In 
addition, it can be difficult to control using conventional 
hemostatic measures due to retraction of the venous stump 
into the sacral foramen. 

The rectosacral fascia is an anteroinferior directed thick 
fascial reflection from the presacral fascia to the fascia propria 
of the rectum at the S4 level. The rectosacral fascia has 
been erroneously referred to as Waldeyer’s Fascia. Although 
William Waldeyer did describe the entire pelvic fascia, he did 
not specifically emphasize the rectosacral fascia (6,46). 

Anteriorly, the extraperitoneal rectum is separated from 
the prostate and seminal vesicles or vagina by a tough fascial 
investment known as the visceral pelvic fascia (or fascia of 
Denonvilliers) (47). Both the rectosacral and visceral pelvic 
fascia are important anatomical landmarks during rectal 
mobilization.

Pelvic ligaments and effects of pregnancy and 
delivery

Pelvic function has been compared to a “suspension 
bridge”, wherein the pelvic floor muscles contract against 
suspensory ligaments to support the organs from below and 
also actively participate during evacuation and continence 
(2,3,48). In fact, it has been demonstrated that, in conditions 
such as urinary stress incontinence, the ligaments rather 
than the muscles are the most vulnerable structures (3). In 
the female pelvis, these structures include the uterosacral 
and cardinal ligaments and attachment of paracolpium of 
vagina laterally (pubocervical fascia).

The puborectalis contracts against the pubic symphysis 
and forms the anorectal angle, but the ileococcygeous and 
the pubococcygeouscontract contract against the pelvic 
suspensory ligaments. Incontinence and pelvic organ prolapse 
are often attributed to older age and chronic straining during 
evacuation. However, during childbirth, overstretching and 
tearing of the pelvic floor muscles, nerves, and suspensory 
ligaments are often underestimated causes of incontinence 
and pelvic organ prolapse. Pregnancy may be one of the most 
important risk factors for pelvic floor dysfunction. Hormonal 
changes during pregnancy and their mechanical effects such 
as increased intra-abdominal pressure and changes in the 
axis of lumbar spine, result in alterations of the pelvic floor 
structure. These include downward pelvic floor displacement, 
decreased pelvic floor muscle contractions, and increased 
bladder and urethral mobility.

Increased laxity of the pelvis and ligaments during 
pregnancy occurs as a generalized effect of hormonal 
changes in the connective tissue. Pelvic floor damage 
may occur as early as during the first stage of labor, thus 
cesarean section in the active labor phase may not confer 
any protective effects in pelvic support or prevent pelvic 
floor dysfunction. 

Vaginal delivery results in significant stretching of all 
the pelvic floor structures, especially in the first pregnancy, 
which is sometimes not completely reversible. Since the 
fetal head takes up most of the space in the birth canal, 
displacement of the pelvic organs and structures occurs 
during delivery. This is especially true during prolonged 
labor, potentially causing permanent structural and 
functional damage. During childbirth, pushing maneuvers 
rely mainly on abdominal pressure and uterine contractions. 
The pelvic floor does not have an active function, but 
instead relaxes enough to allow passage of the fetus. 

The perineal body and anal sphincter are prone to 
intense stretching and significant pressure on their fibers. 
Vaginal delivery without visible perineal lacerations may 
still result in external anal sphincter damage. In up to 50% 
of cases, birth-related defects can be visualized on endoanal 
ultrasound (19). In addition, concomitant neurological 
injury can occur and may explain why surgical repair may 
not completely restore normal function. In fact, prolonged 
motor latencies in the internal anal sphincter may still 
persist for up to five months after vaginal delivery. Although 
pudendal neuropathy is less obvious than vaginal and 
perineal muscular lesions, it may still result in significant 
repercussions as it supplies the majority of anatomic 
structures that maintain pelvic support and continence. 
Consequently, neuropathic damage causes pelvic floor 
dysfunction such as anal and urinary incontinence, difficult 
evacuation, sexual dysfunction, and pelvic organ prolapse.

Vascular supply

The blood supply of the pelvic floor originates mostly from 
the internal pudendal artery, a branch from the internal 
iliac artery. The internal pudendal artery divides into lower 
rectal and perineal branches.

The superior rectal artery is a continuation of the inferior 
mesenteric artery; it descends into the sigmoid mesocolon 
to S3 level and then divides into right and left terminal 
branches to reach the posterior aspect of the rectum (49). 
Once they are within the rectal submucosa, these branches 
continue straight down to supply the lower rectum and anal 
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canal, along with the middle and inferior rectal arteries.
Venous drainage follows its arterial supply. Blood from 

the rectum, through the inferior mesenteric vein, reaches 
the intrahepatic capillary bed through the portal vein. The 
internal and external pudendal veins connect respectively to 
the internal iliac and femoral veins. This collateral network, 
involving the middle rectal, internal iliac, and external iliac 
arteries could potentially prevent pelvic and lower extremity 
ischemia, in case of distal aortal occlusion (50,51).

The deep lymphatic drainage of the pelvic floor and 
rectum mainly flows into the internal iliac lymph nodes, 
following their respective vascular supply. Submucosal 
and subserosal rectal layers have an extensive network of 
lymphatic plexuses that drain into an extramural system of 
lymph channels (52). Lymphatic vessels from the perineum 
and genitals flow into the superficial inguinal lymph nodes.

Innervation

Pelvic floor muscles are innervated through a unique 

coordination of somatic, autonomic and central pathways. 
The levator ani is innervated by its sacral roots on its 

pelvic surface (S2, S3, and S4 roots) and by the perineal 
branch of the pudendal nerve on its inferior surface. The 
puborectalis muscle receives additional innervation through 
the inferior rectal nerves. The external anal sphincter is 
primarily innervated from S2 roots, through the inferior 
rectal branches of the pudendal nerve (Figure 7).

The pudendal nerve originates from the ventral branches 
of S2 to S4, courses between the piriformis and coccygeal 
muscles as it traverses through the greater sciatic foramen, 
arches around the ischial spine, and then enters back into 
the pelvis through the lesser sciatic foramen. The pudendal 
nerve then courses anteriorly to the sacrotuberous ligament, 
continuing along the lateral wall of the ischioanal fossa, 
through the Alcock’s canal or pudendal canal where it is 
enclosed by a sheath of the obturator fascia. The terminal 
branches of the pudendal nerve include the inferior rectal 
nerve, typically originating proximal to Alcock’s canal, the 
perineal nerve, and dorsal nerve of the penis or clitoris. The 

Figure 7 Innervation of intra-pelvic viscera and pelvic floor muscles. Illustrations by Marcos Retzer (In Memoriam) from the Department of 
Gastroenterology of the University of Sao Paulo, Sao Paulo, Brazil. 
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pudendal branches innervate the genitals, ischiocavernosus 
and bulbospongiosus muscles, perineum, anus, and urethral 
and external anal sphincters, and account for external 
genital sensation, urinary and anal continence, orgasm, and 
ejaculation. 

The pelvic visceral responses are bilaterally represented 
on the primary motor cortex, located in the posterior 
portion of the frontal lobe (53). The primary motor cortex is 
connected to pelvic floor muscles nuclei in the sacral spinal 
cord. The motor neurons in the Onuf’s nucleus, located 
in the S2–S4 anterior horns of the spinal cord, supply 
the external anal and urethral sphincters and the pelvic 
floor muscles via pudendal nerve and muscular branches. 
Although the sphincter motor neurons within the Onuf’s 
nucleus are histologically and biochemically comparable 
to other somatic motor neurons, they seem to have some 
autonomic-like peculiarities. The sphincter motor neurons 
are smaller and more uniform in size as compared to 
other somatic motor neurons, and may show distinctive 
neuropharmacologic responses, such as a strong peptidergic 
activity (54-56). In addition, they can be relatively spared 
in some neurologic diseases, including amyotrophic lateral 
sclerosis and spinal muscular atrophy.

Skin innervation of the lower trunk, perineum, and 
proximal thigh is mediated through the iliohypogastric, 
i l io inguinal ,  and genitofemoral  nerves  (L1–L3) . 
Sympathetic and parasympathetic innervation of the rectum 
closely follows its blood supply.

Conclusions

Although traditionally the pelvic floor has been divided into 
the anterior, middle, and posterior compartments, more 
recently it is thought to be a cohesive unit, a synergized 
composition of muscles, nerves, vessels, and ligaments, with 
a myriad of functions. As such, the interaction between the 
pelvic floor muscles and suspensory ligaments is crucial 
to maintaining normal pelvic function. Virtual reality 
models and innovative MRI, CT scan, and 3D ultrasound 
techniques have provided new insights to understand the 
intricate relationship among the pelvic structures. 

Debilitating pelvic floor disorders such as pelvic organ 
prolapse and incontinence are usually related to injuries 
and deterioration of muscles, nerves, and ligaments that 
support and maintain normal pelvic function. Furthermore, 
stretching and tearing of these structures during childbirth 
are often underestimated causes of pelvic floor dysfunction. 
Understanding these anatomic concepts and the interaction 

of urological, gynecological, and anorectal compartments is 
essential in directing diagnosis and treatment of a myriad of 
pelvic floor disorders. 
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