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INTRODUCTION
Pelvic floor muscles have two major functions; they provide 1; support or act as a “ floor” for
the abdominal viscera including the rectum and 2; constrictor or continence mechanism to the
urethral, anal and vaginal orifices (in females). Here, we will discuss the relevance of pelvic
floor to the anal opening and closure function, and discuss new findings with regards to the
role of these muscles in the vaginal and urethra closure mechanisms.

The bony pelvis is composed of sacrum, ileum, ischium, and pubis. It is divided into the false
(greater) and true (lesser) pelvis by the pelvic brim. The sacral promontory, the anterior ala of
the sacrum, the arcuate line of the ilium, the pectineal line of the pubis and the pubic crest that
culminates in the symphsis pubis. The shape of the female bony pelvis can be classified into
four broad categories: gynecoid, anthropoid, android, and platypelloid. The pelvic diaphragm
is a wide but thin muscular layer of tissue that forms the inferior border of the abdominopelvic
cavity. Composed of a broad, funnel-shaped sling of fascia and muscle, it extends from the
symphysis pubis to the coccyx and from one lateral sidewall to the other. The urogenital
diaphragm, also called the triangular ligament, is a strong, muscular membrane that occupies
the area between the symphysis pubis and ischial tuberosities and stretches across the triangular
anterior portion of the pelvic outlet. The urogenital diaphragm is external and inferior to the
pelvic diaphragm. The pelvic ligaments are not classic ligaments but are thickenings of
retroperitoneal fascia and consist primarily of blood and lymphatic vessels, nerves, and fatty
connective tissue. Anatomists call the retroperitoneal fascia subserous fascia, whereas surgeons
refer to this fascial layer as endopelvic fascia. The connective tissue is denser immediately
adjacent to the lateral walls of the cervix and the vagina. The broad ligaments are a thin,
mesenteric-like double reflection of peritoneum stretching from the lateral pelvic sidewalls to
the uterus. The cardinal, or Mackenrodt's, ligaments extend from the lateral aspects of the upper
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part of the cervix and the vagina to the pelvic wall. The uterosacral ligaments extend from the
upper portion of the cervix posteriorly to the third sacral vertebra.

The pelvic floor is comprised of number of muscles and they are organized into superficial and
deep muscle layers. There is significant controversy with regards to the nomenclature, but
generally speaking, the superficial muscle layer and the muscles relevant to the anal canal
function are the external anal sphincter, perineal body and possibly the puboperineal (or
transverse perinei) muscles (Figures 1A and 1B). The deep pelvic floor muscles consist of
pubococcygeus, ileococcygeuys, coccygeus and puborectalis muscles. In fact, puborectalis
muscle is located in between the superficial and deep muscle layers, and it is better to view
this as the middle muscle layer of the pelvic floor. In addition to the skeletal muscles of the
pelvic floor, caudal extension of the circular and longitudinal smooth muscles from the rectum
into the anal canal constitutes the internal anal sphincter and external anal sphincter of the anal
canal respectively. First, we discuss the salient as well as some of the controversial aspects of
anatomy of the pelvic floor and anal sphincter muscles, followed by a discussion of the function
of each of component of the pelvic floor muscles and to their role in anal sphincter closure and
opening.

ANATOMICAL CONSIDERATIONS
INTERNAL ANAL SPHINCTER

Circular muscle layer of the rectum expands caudally into the anal canal and become the
internal anal sphincter (IAS). The circular muscles in the sphincteric region are thicker than
those of the rectal circular smooth muscle with discrete septa in between the muscle bundles.
Similarly, the longitudinal muscles of the rectum extend into the anal canal and end up as thin
septa that penetrate into the puborectalis and external anal sphincter muscles (EAS).
Longitudinal muscle of the anal canal is also referred to as the conjoined tendon (muscle)
because some authors believe that skeletal muscles of the pelvic floor (puboanalis) join the
smooth muscles of the rectum to form a conjoint tendon. However, immuno-staining for the
smooth and skeletal muscles in this region show that the smooth muscles make up the entire
longitudinal muscle layer of the anal canal1, 2.

The autonomic nerves, sympathetic (spinal nerves) and parasympathetic (pelvic nerves) supply
the internal anal sphincter3. Sympathetic fibers originate from the lower thoracic ganglia to
form the superior hypogastric plexus. Parasympathetic fibers originate from the 2nd, 3rd and
4th sacral nerves to form the inferior hypogastric plexus, which in turn gives rise to superior,
middle and inferior rectal nerves that ultimately supply the rectum and anal canal. These nerves
synapse with the myenteric plexus of the rectum and anal canal. The majority of tone of the
internal anal sphincter is myogenic, i.e., due to unique properties of the smooth muscle itself.
Angiotensin 2 and prostaglandin F2α play modulatory roles. Sympathetic nerves mediate IAS
contraction through the stimulation of α and relaxation through β1, β2 and β3 adrenergic
receptors. Recent studies show a predominance of low affinity β3 receptors in the IAS.
Stimulation of parasympathetic or pelvic nerves causes internal anal sphincter relaxation
through nitric oxide containing neurons located in the myenteric plexus4. Vasointestinal
intestinal peptide (VIP) and carbon monoxide (CO) are other potential inhibitory
neurotransmitters of the inhibitory motor neurons but most likely play limited roles. There are
also excitatory motor neurons in the myenteric plexus of IAS and the effects of these neurons
are mediated through acetylcholine and substance P. Some investigators believe that the
excitatory and inhibitory effects of myenteric neurons on the smooth muscles of IAS are
mediate through the ICC but other investigators do not necessarily confirm these findings 4 .
Degeneration of myenteric neurons resulting in impaired IAS relaxation is the hallmark of
Hirschsprung’s disease5.
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EXTERNAL ANAL SPHINCTER
In his original description Santorini (1769) stated that EAS has three separate muscles bundles
- subcutaneous, superficial and deep6. Large numbers of publication continue to show external
anal sphincter to be made up of these 3 components. However, several investigators have found
that the subcutaneous and superficial muscle bundles only constitute the EAS7–10. The
subcutaneous portion of the EAS is located caudal to the IAS and the superficial portion
surrounds the distal part of IAS. The deep portion of the EAS is either very small and merges
imperceptibly with the puborectalis muscle, or in authors opinion has been confused with the
puborectalis muscle. In several schematics published in the literature11, including the one by
Netter (Figure 2), the EAS is made of three components. A close inspection of these schematics
reveals that the puborectalis muscle is entirely missing from these drawings. Based on the 3
dimensional ultrasound and magnetic resonance imaging, we feel that the puborectalis muscle
is actually the deepest part of the EAS. Shafik described that the EAS consists of 3 loops; in
fact the puborectalis muscle forms the top loop in his drawing9 (figure 3). Histological studies
by Fritsch1 and MR imaging study of Stoker et al12 (figure 4) are quite convincing that the
EAS muscle is composed of only the subcutaneous and superficial portions1. Anteriorly, the
EAS is attached to the perineal body and transverse perinei muscle, and posteriorly to the
anococcygeal raphae. In fact, EAS is not a circular muscle in its entirety; rather it is attached
to the transverse perinei (also called as puboperineal) muscle on either side8. The posterior
wall of the EAS is shorter in its cranio-caudal extent than the anterior wall. This should not be
misconstrued as a muscle defect in the axial US and MR images of the lower anal canal. Another
implication of this peculiar anatomy is when the anal canal pressure is measured using
circumferential side holes; the posterior side holes exit first from the anal canal13 first thereby
causing apparent circumferential asymmetry of the anal canal pressures. The muscle fibers of
EAS are composed of fast and slow twitch types, which allow it to maintain sustained tonic
contraction at rest and also allow it to contract rapidly with voluntary squeeze. Motor neurons
in Onuf’s nucleus (located in the sacral spinal cord) innervate EAS muscle through the inferior
rectal branches of the right and left pudendal nerves11

PUBORECTALIS AND DEEP PELVIC FLOOR MUSCLES—In 1555, Andreas Vesalius
wrote an account of the pelvic floor muscles, which he named “Musculus sedem
attollens”14. This was later replaced by the more definitive name of “levator ani” by Von-
Behr15. The pelvic diaphragm, first so named by Meyer16 (1861) included primitive flexors
and abductors of the caudal part of the vertebral column. These muscles included coccygeus
(also referred to as ischiococcygeuys), ileococcygeus and pubococcygeus and these three
muscles were felt to constitute the levator ani muscle. They originate from the pectinate line
of the pubic bone and the fascia of the obturator internus muscle and are inserted into the
coccyx. Holl (1897), a German anatomist described that some of the pubococcygeus muscle
fibers, instead of inserting into the coccyx, looped around the rectum and to these fibers he
assigned the name “puborectalis” or “sphincter recti”17. It appears that the puborectalis muscle
originates from the middle of inferior pubic rami rather than from the pubic symphysis. The
puborectalis muscle is now included in the levator ani muscle group and the term “Levator
ani” is used synonymously with pelvic diaphragm muscles. Peter Thompson18 in a classic text
on this subject, “The MYOLOGY of the PELVIC FLOOR” wrote, according to Sappey (1869),
the levator ani is one of those muscle which has been studied the most, and at the same time
one about which we know the least”. Sappey also stated that the “The doctrine of continuity
of fibers between two or more muscles of independent actions has been applied to the levator
ani at various scientific epochs, and this ancient error, renewed without ceasing, has singularly
contributed to complicate its study”19 It is interesting that to this date; the nomenclature,
anatomy, neural innervation and functions of the levator ani / pelvic diaphragm are still veiled
in deep mystery. Based on anatomical dissection studies, the pubococcygeus, puborectalis and
puboperineal muscles originate from the pubic bone and are difficult to differentiate from each
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other. These muscles have also been collectively called as the pubovisceralis muscle; a concept
originally championed by Lawson20 and currently supported by Delancey21 22 in majority of
his writings. The term pubovisceral muscle is well accepted in the urogynecological texts,
however it is rarely mentioned in the anatomical textbooks or gastroenterology literature.
Lawson felt that the portions of the pubovisceral muscle are inserted into the urethra, vagina,
perineal body and anal canal and to those portions he assigned the names pubouretheralis,
pubovaginalis, puboperinealis and puboanalis muscles respectively. According to Lawson, the
major function of these muscles is to provide physical support to the visceral organs.

Branches from the sacral nerve roots of S2, S3 and S4 innervate the pelvic floor muscles.
However, there is considerable controversy as to whether the pudendal nerves actually
innervate the levator-ani muscles. An electrophysiological study by Percy and colleagues found
the electrical stimulation of the pudendal nerve did not activate the puborectalis muscle23.
However, it is possible that in their study the electrodes may not have been precisely located
in the puborectalis portion of the levator ani muscle. Our opinion is that the puborectalis muscle
(middle layer of pelvic floor muscle) is actually innervated by the pudendal nerve24 (from
below) and the deep muscles (pubococcygeus, ileococcygeus and coccygeus) are innervated
by the direct branches of sacral nerve roots S3 & S43. The significance is that pudendal nerve
damage may cause dysfunction of puborectalis muscle and external anal sphincter muscles
(both constrictor muscles) and this in turn may cause fecal incontinence.

PELVIC FLOOR IMAGING
Advances in MRI, CT scanning and three dimensional (3D) ultrasound imaging have provided
novel insights into anatomy and function of the pelvic floor muscles. Ultrafast CT scanning
can image dynamic changes in the pelvic floor muscle during contraction and defecation25.
These studies reveal that the levator hiatus becomes smaller during pelvic floor contraction
and larger during the act of defecation (figure 5). The changes in the pelvic floor hiatus size
are predominantly related to the puborectalis muscle and they reflect the constrictor function
of pelvic floor. On the other hand, the ascent (elevation) and descent of the pelvic floor,
including the levator plate, is mostly likely related to the contraction and relaxation of the
pubococcygeus, ileococcygeus and ischiococcygeus muscles.

MRI studies have outlined the anatomy of pelvic floor muscles much more clearly than was
possible with anatomical dissection studies. Hyott and colleagues developed imaging programs
to outline the details of pelvic floor muscle. Their studies reveal physiological gaps in the
ileococcygeus muscle, that one may perceive as defects in the pelvic floor muscles26. Elegant
studies by Bharucha and colleagues have demonstrated, using dynamic MR imaging technique,
changes in the anorectal angle during squeeze and during the act of defecation27–29. Changes
in the anorectal angle reflect the constrictor function of pelvic diaphragm muscle, and it is felt
that these changes in the anorectal angle are caused by the contraction and relaxation of the
puborectalis muscle (figure 6, 7). On the other hand, it is likely that cranio-caudal movements
of the anorectal angle are predominantly related to the pubococcygeus, ileococcygeus and
ischiococcygeus muscles. During pelvic floor contraction, the anorectal angle becomes acute
and it moves cephalad. On the other hand, during relaxation and defecation, the anorectal angle
becomes obtuse and moves caudad.

Two dimensional and 3D endoanal US imaging are used widely to detect defects in the anal
sphincter complex. More recently, 3D ultrasound imaging (3D-US) using cutaneous
(transperineal) approach has provided novel insights into the anatomy and function of the anal
sphincter muscles and pelvic floor muscles. The major advantages of 3D transperineal US
imaging are that, 1; it is subject friendly (no insertion of the transducer into the anal canal is
required), 2; it can be performed in the physician’s office and, 3; it is relatively inexpensive.
Dietz has used this technique quite effectively to study the physiology and pathophysiology
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of pelvic floor muscles under various conditions30–32. This technique is relatively simple, it
requires placement of the US transducer on the skin of the perineum. A 3D-US volume is
acquired over a period of 6–8 seconds and US images can be analyzed off line in the coronal,
sagittal, transverse or for that matter in any other plane. This technique also allows capturing
of dynamic or cine- images in 2 or 3 planes and therefore makes it possible to study the motion
of various pelvic floor structures in real time. In addition, the software program can slice these
image volumes at every 1mm or any desired distance to provide the 2D tomographic images
at close distances (figure 8). We have extended the use of 3D-US imaging to study the anal
canal closure mechanism33, vaginal high-pressure zone34 and the role of puborectalis muscle
in the genesis of anal canal and vaginal canal pressures. Defects in the anal sphincter and
puborectalis muscles can be detected relatively easily using the 3D-US imaging technique35.

SENSORY FUNCTION OF THE RECTUM AND ANAL CANAL—Similar to other
viscera, colonic distention results in non-descript discomfort and at higher degrees of distension
one feels pain that is poorly localized. On the other hand, rectal distention is perceived as rectal
fullness that is more localized and somewhat defined, i.e., as a desire to defecate. In addition
to mucosal nerve endings, there are also low threshold, slowly adapting mechanoreceptors in
the muscularis propria of the rectum. These intraganglionic laminar endings detect mechanical
deformation of the myenteric ganglia and are most likely involved in detecting tension in the
circular and longitudinal muscles of the rectum. The anal canal responds to distention as well
as mechanical shearing stimuli, it is lined by numerous free and organized nerve endings (i.e.
Meissner’s corpuscles, Krause end-bulbs, Golgi-Mazzoni bodies and genital corpuscles). The
nerve ending are exquisitely sensitive to light touch, pain and temperature. Sensory traffic from
the rectum and anal canal is conveyed to the spinal cord by unmyelinated small C fibers and
larger A fibers11.

APPLIED PHYSIOLOGY
Ideally speaking, one should describe the function of each component of the pelvic floor muscle
individually; however no such information is available. Broadly, the pelvic floor muscles can
be considered to have 2 important functions. They provide, 1; support or “floor” to the pelvic
viscera and 2; constrictor functions to the urethra, vagina and anal canal. We will describe the
role of the pelvic floor muscles on the rectum and anal canal in detail and will touch on their
role in the closure function of the vagina. Furthermore, it is quite likely that the puborectalis
muscle plays an important role in the urethral closure mechanism, however more studies are
needed in this area. In cadavers, the pelvic floor is shaped like a basin but in living individuals
it is shaped like a dome36, 37. Why is that the case? Muscles in general have relatively simple
function; they shorten as they contract. Generally, the insertion point of the muscle moves
towards the point of the origin (sphincter muscles being an exception). In the case of
pubococcygeus, ileococcygeus and ischiococcygeus, such an action results in the movement
of coccyx anteriorly (ventrally) toward the pubic bone38. In fact, during pelvic floor
contraction the coccyx moves ventrally and cranially. The change in the shape of the pelvic
floor during contraction, from a basin to dome, is due to the shortening of the pubococcygeus,
ileococcygeus and ischiococcygeus muscles. At the same time, conversion from “basin” to the
“dome” lifts the pelvic viscera (including the rectum) in the cranial direction and provides
mechanical support or “ floor” to the rectum and other pelvic floor viscera. Therefore, it is
likely that the weakness of these muscles result in perineal descent. Decent of the pelvic visceral
organs (including rectum) can be measured in the radiological studies (MRI or barium
defecography) by determining the location of the anorectal angle in relationship with the
pubococcygeus line39, 40. The latter is an imaginary line connecting the lower edge of pubic
symphysis and the tip of coccyx. In normal individuals, the anorectal angle is located either
cranial or very close to the pubococcygeal line and it moves below the pubococcygeal line with
the descending perineal syndrome or weakness of the pelvic floor muscle. There is general
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consensus that the IAS and EAS are the major constrictors of anal canal. The puborectalis
muscle is generally felt to be important in maintenance of the anorectal angle27, 41. Contraction
of puborectalis muscle results in an acute anorectal angle and relaxation (during defecation)
causes this angle to become obtuse. The anorectal angle can be measured with (barium
defecography)42 or MR imaging27. However, as described in the following paragraphs, recent
studies show that the puborectalis muscle is actually involved in the anal canal closure
mechanism, i.e., in the genesis of anal canal pressure33, 43.

ANAL CANAL PRESSURE
Anal canal pressure is a major determinant of the strength of anal continence mechanism and
therefore its brief discussion is extremely relevant. Anal canal pressure can be measured with
perfusion manometry (using either side hole or sleeve sensor), solid-state transducers or more
recently with large number of closely spaced array of pressure sensors (high resolution
manometry)29. Furthermore, the pressures can be displayed in the form of colored
topographical (contour) plots, which are convenient to visualize. Classical studies by Duthie
have shown that the majority of the resting pressure (70–80%) in the anal canal is related to
the IAS and the remainder due to the EAS44. With voluntary anal squeeze, the increase in the
anal canal pressure is mostly due to the external anal sphincter. Anatomical and functional
studies, using simultaneous 3 D ultrasound imaging and side hole perfusion manometry have
provided novel insights into the genesis of anal canal pressure43. Based on the 3D-US images
one can determine the precise length and the anatomical relationship of the IAS, EAS and
puborectalis muscle and then locate the anal canal pressures in relationship with these
anatomical structures. These studies reveal that in the proximal part of the anal canal the closure
pressures are related to the contraction of IAS and puborectalis muscle, in the middle, to the
contraction of the EAS and in the distal part to the contraction of the EAS only (figure 9, 10).

VAGINAL HIGH-PRESSURE ZONE
How does puborectalis, a “U” shaped muscle increases, the anal canal pressure? The 2 anterior
limbs of puborectalis muscle are attached to the 2 pubic rami and posteriorly they join each
other behind the anal canal. Contraction of the puborectalis muscle lifts up the anal canal in
the ventral or anterior direction and in so doing causes compression of the anal canal, vagina
and urethra against the back of pubic symphsis (figure 11). If the above were true, there would
be a high-pressure zone in the vagina, which is indeed true45. Pressure characteristics of the
vaginal high pressure zone reveal that the anterior and posterior pressure in the vagina are
higher than the lateral pressure, which suggest that vagina is compressed in the anterior -
posterior direction by the puborectalis muscle. Three-dimensional US images show that the
pelvic floor hiatus becomes smaller and larger with the contraction and relaxation of the
puborectalis muscle, respectively24, 46. Pudendal nerve block increases dimensions of the
pelvic floor hiatus and decreases vaginal pressure24. Distension of the vagina increases the
anterior-posterior length of the puborectalis muscle and allows it to contract stronger (based
on the length tension principle). Anal canal pressure in the proximal part of the anal canal (part
surrounded by the puborectalis muscle) and not the distal part (surrounded by the EAS)
increases with vaginal distension47.

Since vagina does not possess any intrinsic sphincter mechanism, the vaginal high-pressure
zone is entirely related to the puborectalis muscle. The significance of the latter finding is that
one can easily assess the puborectalis muscle function using vaginal manometry. It is likely
that future studies will use this important understanding to further define the role of puborectalis
muscle in fecal continence, incontinence, and other pelvic floor disorders.

Pelvic Floor Muscles and Fecal Incontinence—The etiology of fecal incontinence is
multi-factorial and can be broadly divided into problems related to, 1; diarrhea or excessive
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amount of liquid stools, 2; reservoir or rectal dysfunction and 3; anal canal closure dysfunction.
As discussed in the previous paragraphs, it is quite clear that the three separate and distinct
anatomical structures, IAS, EAS and puborectalis muscle, guard the anal canal opening (triple
security). Why three? Does this represent redundancy or is it that a fine orchestration of these
three structures is crucial in keeping continence under different circumstances and for different
rectal contents (air, liquid and solids)? Further studies are needed to prove or disprove these
points. Read and colleagues in 1980’s, based on the anal canal pressure studies, found that the
dysfunction of EAS is the most common cause of fecal incontinence48. A small subset of
patients were found to have a defective IAS as well49. Endoanal ultrasound imaging studies
of Sultan and colleagues found anatomical defects in the EAS muscle of 35% of women,
following vaginal delivery50. The latter also suggests that anatomical defects of the EAS are
one of the most common causes of fecal incontinence. However, more recent studies suggest
a “multi hit hypothesis” in the genesis of fecal incontinence. Fernandez-Fraga used a novel
instrument “perineal dynamometer” to study the pelvic floor function in patients with fecal
incontinence51. They found that patients have functional defect in more than one muscle of
anal continence and the severity of fecal incontinence was related to the composite effect of
damage to the 3 continence muscles. Biofeedback therapy resulted in improvement of fecal
incontinence symptoms and the improvement correlated best with the improvement in levator
ani function, rather than with the improvement in the IAS, EAS pressure. A study by Bharucha
et al28 confirmed findings of Fernandez Fraga and their study lends further credence to the
“multi-hit hypothesis” of fecal incontinence.

Studies by Delancey52 and Dietz 53 show that anatomical disruptions of the puborectalis
muscle are quite common following childbirth (20–35%). However, it is clear that all these
subjects do not have symptoms of fecal incontinence. Our studies in asymptomatic multiparous
women confirm findings of Delancey and Dietz33. We believe that further studies are required
to determine the relationship between anatomical disruptions as seen on the imaging studies
and functional impairment of puborectalis muscle function. However, it is clear that patients
with fecal incontinence have defects in more than one muscle of continence and the symptoms
are more severe in patients with defects in the multiple muscles.

Pelvic Floor Muscles and Constipation—Constipation affects 20–30% of the adult
population in the United States54 and it’s etiology, similar to that of fecal incontinence, is
multi-factorial. Broadly, there are 2 major types of constipation, 1; slow transit type in which
the movement of fecal material through the colon is slow and 2; outlet obstruction type, in
which patient has trouble evacuating rectal contents. Hirschprung’s disease, characterized by
failure if caudal migration of myenteric plexus and may be considered as a cause of outlet
obstruction type of constipation. However, Hirschsprung’s disease is uncommon in adults.
Outlet obstruction, secondary to pelvic floor dysfunction accounts for 50% or more cases of
constipation in adults55. Originally described by Preston and Lennard-Jones in 1985 as
anismus56, the entity has received several names, i.e., pelvic floor dyssynergia, paradoxical
puborectalis muscle contraction, paradoxical sphincter contraction and dyssynergic
defecation55. Normally, during the act of defecation or Valsalva maneuver the respiratory
diaphragm and abdominal wall contract together, which results in an increase in the intra-
abdominal and rectal pressure. Simultaneously, there is relaxation of the pelvic floor muscles
and anal sphincter muscles during defecation. Based on the rectal and anal sphincter pressure
recordings, Rao categorized dyssynergic defecation disorders into 3 different types. Type 1 –
increase in the rectal pressure and anal sphincter contraction, Type 2 – no increase in the rectal
pressure and sphincter contraction and Type 3 – increase in the rectal pressure but either absent
or incomplete sphincter relaxation55. Dyssynergic defecation usually acquired but in some
cases the symptoms are present from childhood, which suggests that the individual never
“learned the defecation process” correctly.
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Paradoxical pelvic floor contraction can be recognized on the anal sphincter recording,
electromyographic recordings (using anal plug electrodes or cutaneous electrodes) and imaging
studies. The latter can be performed using X ray fluoroscopy (barium defecography), CT
fluoroscopy and magnetic resonance imaging (MRI). During the act of defecation two events
occur in the pelvic floor muscles, 1; pelvic floor descends and, 2; pelvic floor hiatus becomes
larger. The descent of pelvic floor muscles is seen as a drop in the anorectal angle to below the
pubo-coccygeal line (an imaginary line connecting the lower end of pubic symphsis and
coccyx) and widening of the pelvic floor hiatus (also seen as an increase in the anorectal angle).
With pelvic floor contraction, the anorectal angle moves cranially and ventrally. The reverse
occurs during defecation. In patients with constipation, MRI defecography studies show
heterogeneity of abnormalities of the abdominal wall contraction, pelvic floor descent and
puborectalis muscle relaxation40. The most important finding in these studies is that the
puborectalis muscle either does not relax or it does so incompletely. The latter results in either
no change or a slight decrease in the anorectal angle. The advantage of MRI defecography is
that it allows clear visualization of the pelvic viscera and various other anatomical
abnormalities associated with pelvic floor disorders, e.g., rectocele, cystocele, rectal
intussusception and prolapse. Recent studies show that biofeedback treatment for constipation
is quite effective in treating constipation related to the pelvic floor muscle dysfunction and
results in amelioration of the physiological muscle abnormalities54, 57.

Summary and Conclusions—Pelvic floor muscles have two important functions; they
provide, 1; physical support to the pelvic viscera and, 2; constrictor mechanism to the anal
canal, vagina and urethra. Newer imaging and physiological studies strongly suggest that these
two functions of the pelvic floor are quite distinct and are likely related to different components
of the pelvic floor muscles. The pubococcygeus, ileococcygeus and ischiococcygeus most
likely provide the physical support or act as a “floor” for the pelvic viscera. On the other hand,
the puborectalis muscle provides the constrictor function to the anal canal, vagina and urethra.

The urethra and anal canal, each has two constrictors or sphincters of their own. In the case of
anal canal these are the IAS and EAS, and in the case of urethra they are the smooth muscle
sphincter (located at the bladder neck) and rhabdo-sphincter (external urethral sphincter).
Based on the physiologic studies, it appears that the puborectalis muscle is the 3rd constrictor
or the sphincter of anal canal. Future studies are likely to reveal that puborectalis muscle serves
as a constrictor for the urethra as well. Vagina, on the other hand, has only one constrictor
mechanism, which is solely provided by the puborectalis portion or the pelvic floor muscle.
We believe that puborectalis muscle is the common link between gastroenterologist, colorectal
surgeon, urologist and urogynecologist, the specialties of medicine taking care of patients with
pelvic floor disorders.

Pelvic floor disorders are many and are generally lumped together. However, it may be possible
to broadly sub-classify them into disorders of pelvic floor support (prolapse, descending
perineal syndrome) and constrictor function (urinary and fecal incontinence). Furthermore,
these disorders may be further divided into dysfunctions of pelvic floor contraction (fecal and
urinary incontinence) and relaxation (constipation and urinary retention). As the clear picture
of functional anatomy of pelvic floor muscles emerges, it is imminent that different components
of the pelvic floor muscles will be implicated in different pelvic floor disorders. With such a
functional classification “splitter approach” our hope is that it may be possible to target specific
therapeutic strategies to treat specific pelvic floor muscle disorders more effectively.
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Figure 1.
Figure 1a: Pelvic Floor Muscles Seen in the sagittal section of pelvis. Adapted from Thompson
P. The Myology of the Pelvic Floor. Newton: McCorquoddale; 1899.
Figure 1b: Pelvic floor muscles as seen from the perineal surface. Adapted from Thompson P.
The Myology of the Pelvic Floor. Newton: McCorquoddale; 1899.
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Figure 2.
This schematic shows that the external anal sphincter is made up of subcutaneous, superficial
and deep part. We believe that deep external anal sphincter is actually the puborectalis muscle
(see text for explanation) Adapted from Frank.H.Netter, Atlas of Human Anatomy. Plate 393,
4th ed, Philadelphia, PA : Saunders/Elsevier, c2006 with permission
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Figure 3.
A sketch of the external anal sphincter from a lateral view, as described by Shafik: External
anal sphincter is described as made of 3 loops, basal loop (BL), intermediate loop (IL) and
deep loop (DP). Note the relationship between the puborectalis muscle (PR) and DP. We
believe that DP is actually the posterior part of the puborectalis muscle (see text for
explanation). Adapted from Bogduk N. Issues in Anatomy: the external anal sphincter
revisited. Aust N Z J Surg. Sep 1996;66(9):626–629, with permission.
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Figure 4.
Anatomy based on the MRI images: A: Coronal mid anal T2-weighted fast spin-echo
(2,500/100) MR image obtained with an endoanal coil. B Corresponding drawing demonstrates
the internal sphincter (IS), intersphincteric space (ISS), longitudinal muscle(LM), external
sphincter (ES),puborectalis muscle (PR), and levator ani muscle (LA). These MRI images show
that a part of the external anal sphincter is located below and a small portion surrounds the
internal anal sphincter. Puborectalis muscle surrounds the upper part of the internal anal
sphincter. Based on MR images it is quite clear that external anal sphincter consists of only 2
parts, subcutaneous (below the internal anal sphincter) and superficial (around the internal anal
sphincter) (See text for explanation). Adapted from Stoker J, Halligan S, Bartram CI. Pelvic
floor imaging. Radiology. Mar 2001;218(3):621–641, with permission.
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Figure 5.
Seated CT defecography, axial images of Puborectalis at rest (A), squeeze (B) and defecation
(C). Note that the pelvic floor hiatus becomes smaller during squeeze and larger during
defection. Adapted from Li D, Guo M. Morphology of the levator ani muscle. Dis Colon
Rectum. Nov 2007;50(11):1831–1839, with permission.
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Figure 6.
MRI images at rest and squeeze in the mid sagittal plane: These images show movements of
the anorectal angle and levator plate (formed by the ileococcygeus muscle): Sagittal at rest (A)
and straining (B) showing the changes in the different components of the levator ani (bl =
bladder; ut = uterus; IC = Ileococcygeus; PR = puborectalis). On straining, the resting convex
shape of the IC becomes flattened, and the genital hiatus reduces in size because of ventral
movement of the puborectalis. Adapted from Singh K, Jakab M, Reid WM, Berger LA, Hoyte
L. Three-dimensional magnetic resonance imaging assessment of levator ani morphologic
features in different grades of prolapse. Am J Obstet Gynecol. Apr 2003;188(4):910–915, with
permission.
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Figure 7.
Magnetic resonance images (MRI) in the mid sagittal and coronal planes: these images were
obtained at rest (Solid) and squeeze (dotted) and then the images were overlapped to show the
movement of various anatomical structures during squeeze. Note the cranial and ventral
movements of the anal canal and change in the anorectal angle with squeeze. In the coronal
images, note the vertical movement of the anus, and flattening of the levator plate with squeeze.
Obtained from author

Raizada and Mittal Page 18

Gastroenterol Clin North Am. Author manuscript; available in PMC 2009 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 8.
Ultrasound images of the anal canal obtained from the 3D-US volume: cross-sectional (axial)
images along the length of anal canal in a nulliparous subject. In this example the anal sphincter
complex is shown at every 1 mm distance using I-Slice function of HD-11 (Philips). Marked
in the figure are the IAS (black circle) and the EAS (white outer ring) are smooth, uniform and
symmetrical. Obtained from author
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Figure 9.
Anal canal pressures along the length of the canal and its relationship with anatomical
structures: Anal canal pressure was measured using the station pull through technique. Each
bar represents mean+SE from the 17 subjects. Note the baseline pressure and the squeeze
pressures at each station. The pressures during squeeze at all stations are significantly higher
than at rest (p<0.005). Also note, the location of Internal anal sphincter (IAS), puborectalis
(PRM) and external anal sphincter (EAS) along the length of the anal canal. Obtained from
author
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Figure 10.
Ultrasound images of the anal canal in the sagittal and axial planes with a water filled bag
placed in the anal canal: the sagittal image shows the anal canal along its entire length. Axial
images at various locations along the length of anal canal allow visualization of various
components of the anal closure mechanism. Axial images at R=rectum, 1=Puborectalis (PRM)
& Internal sphincter (IAS), 2 = PRM, IAS, and external anal sphincter (EAS), 3 = IAS & EAS,
4 = EAS only. Obtained from author
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Figure 11.
Pelvic Floor Hiatus Captured from the 3D ultrasound images at rest and during a pelvic floor
contraction: Note that with contraction the hiatus becomes smaller and the puborectalis muscle
moves towards the pubic symphsis. The anterior motion of the puborectalis muscle compresses,
anal canal, vagina and urethra against the back of pubic symphsis, which constitutes the
constrictor function of pelvic diaphragm. Obtained from author
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