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INTRODUCTION
An adequate understanding of anorectal physiology is

necessary for the correct diagnosis of pathological process-
es and the respective correction of them1. To date, a large
quantity of researches have accumulated in this field, but
due to the fact that the authors of different techniques
(anatomical, manometer, X-ray, CT, MRI and 3D-topogra-
phy) do not account for the results obtained using of other
techniques, there are significant discrepancies in the de-
scription of the physiology of the fecal retention and defe-
cation.
The purpose of this research is to compare different

methods to create the acceptable representation of the
anatomy and physiology of the anorectal region, which
does not contradict reliable scientific evidences. In order
not to stray from the path of truth, it is very important to
keep in mind the following axioms. 1) Every muscle has a
very simple function: when it contracts, its length is short-
ened. Therefore, it is important to know the two places of
the muscle attachment to determine of its function. This im-
plies that the muscle fibers with various attachment places
have different functions and therefore they are the different
sphincters. 2) Muscle fibers during contraction use ATP,
and it should relax to restore capacity to contraction. 3)
There are no voids in the tissues of the pelvic floor. If the
anal canal during defecation always equally and widely
opened, creating a channel in the form cylinder for passage
of faces irrespective of their consistency (liquid, solid or
soft), it means that tissues have changed configuration2.
Only muscles can some effect this. If this was only due to
changes in the relationship between the peristaltic pressure
of the rectum and the tone of the anal canal, the liquid feces
(contrast material) would passe through the narrow anal
canal. 4) To avoid confusion, it is necessary to adhere to the
recognized anatomical designations. Thus, for example, it
occurs when Wu called the anal canal of the rectum, and do

not divide in the description of the deep and superficial por-
tions of the external anal sphincter (EAS) 3. 5) At each stage
of scientific knowledge there is the gold standard, to which
compare the results obtained by other methods. Wu and co-
workers in the 3D-topography found no septum between
the puborectalis and pubococcygeus, wich separatse these
muscles from each other. However, this septum, is de-
scribed in almost all textbooks3. Hence the anatomical dis-
section, rather than 3D-topography is taken as the gold
standard. Applying the most modern equipment, the au-
thors exaggerate its capabilities, leading to inappropriate
conclusions.

ANALYSIS OF THE LITERATURE

Fecal retention
In healthy adults the length of the anal canal is approxi-

mately 4 cm4. This is the high pressure area compared with
the pressure in the rectum. It is in constant contraction, with
the exception of short-term opening during a bowel move-
ment. At rest the tonic state of the internal anal sphincter
(EAS) provides 45% of the total pressure in the anal canal4.
The IAS is composed of smooth muscle fibers and is the
thickened continuation of circular layer of the rectum. The
caudal end of the IAS is located at a distance of 8-10 mm
from the anal dimple5. It is absent in the contraction zone of
the subcutaneous portion of the EAS. Thus, the length of
the BAC in adults is about 3 cm. Outside the IAS is located
a longitudinal smooth muscle layer. The puborectalis mus-
cle (PRM), the deep and superficial portions of the EAS are
located outside of longitudinal smooth muscle layer. Based
on anatomical studies it was found that the striated muscle
of the EAS consists of 3 parts: a subcutaneous, superficial
and deep (Figure 1, B)6,7. Subcutaneous part is a true circu-
lar sphincter. It is separated from the superficial portion of
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the fibrous tissue3. The superficial portion of the EAS has a
U-shape. Posteriorly it is attached to the coccyx through the
rising up anococcygeal ligament8, and then it covers the
back and sides of the anal canal and attached (ends) to the
perineal body at a considerable distance from the pubis
(Fig. 1A).
The deep part of the EAS has a small volume and is lo-

cated caudal to the PRM. It is located so close to the PRM
that some authors consider it to be part of the PRM3,5.
Here is how is described a 3-D ultrasound picture of the

anal canal - “The IAS is seen as a hypoechoic (dark) circu-
lar ring in these images…Surrounded by the IAS is a rela-
tively hyperechoic ring-shaped structure of the EAS5. Is it
that this study cannot be considered a gold standard, if
anatomically (histologically) is well established that be-
tween the IAS and EAs is a longitudinal layer of smooth
muscle? This example shows that modern methods of re-
search that fascinated researchers to dissect the body with-
out damaging it, are inferior in accuracy to anatomical dis-
section.
All baseline anal pressure profiles showed a peak pres-

sure in the range of 70-80 mmHg at a level of 1.6 cm from
the anal verge, which corresponds to the level of the IAS.
In addition, there was a hump in the posterior pressure from
2.4 cm to 4 cm corresponding to the PRM9.
In order to evaluate these muscles in action, the re-

searchers provoked the rectoanal inhibitory reflex, which is
caused by stretching of the rectal walls. This reflex is de-
scribed manometrically by the relaxation pressure or loss of
anal canal pressure during rectal balloon distention. During
high definition manometry the peak of the residual pressure
is at 0.9 cm in the anterior and posterior vectors and an ad-
ditional hump in the posterior only vector ranging from 2.4
to 4.4 cm, corresponding to the EAS and PRM respective-
ly9. The peak pressure of the IAS is seen at a level of 1.6
cm from the anal verge, which corresponds to the peak re-
laxation pressure. The EAS is the only muscular structure
located from 0.5 cm to 1 cm from anal verge9.
As shown earlier, the penetration of barium into the up-

per part of the anal canal in front of the tip of enema during
barium enema is accompanied by a decrease in anal pres-
sure and when the barium disappears from the anal canal,
the pressure recovers to basal level2.
Combining of the anatomical studies with radiographic

and manometric data allows mapping the sphincters appa-
ratus during provocation of the rectoanal inhibitory reflex
(Fig. 1). Stretching of the rectal wall causes reflex relax-
ation of the IAS, whereby the pressure at the top of the anal
canal is reduced and the liquid (barium) penetrates into the
upper part of the anal canal. Simultaneously, the PRM con-
traction presses the posterior anal wall to the tip enema2.
The upper part of the anal canal is shifted forward, causing
a decrease of the anorectal angle. The manometric and ra-
diographic indicators of the impact of the PRM coincide
with the place and width of coverage of the anal canal
(about 1.6 cm). The PRM function corresponds to the
anatomical location of the loop and its attachment to the
pubic bone on either side of the symphysis pubis. It follows
that during the anorectal reflex the PRM not completely
covers the lumen of the anal canal. A gas or liquid feces
pass into the upper part of the anal canal but a formed feces
remains in the rectum (Fig. 1, A).
Despite the fact that the relaxation pressure is determined

significantly caudal to the PRM, i.e. virtually at the level of
the subcutaneous part of the EAS (1.2 cm from the anal
pit), the contrast agent does not penetrate below the PRM
border (2.4 cm from the anal verge). This can be explained
by the contraction of the circular muscles located caudal to

the PRM. The location and course of its muscle fibers cor-
respond to the deep portion of the EAS. Although it con-
tracts simultaneously with the PRM, the circular course of
the muscle fibers and function are different from the PRM.
Consequently, the deep portion of the EAS is a self-sphinc-
ter.
The area of the anal canal relaxation with a peak relax-

ation pressure between the deep and subcutaneous portions
of the EAS is defined. Its location corresponds to the super-
ficial portion of the EAS. It has a U-shaped open anteriorly.
Its rear part is attached to the coccyx through the anococ-
cygeal ligament. It adjoins the rear semicircle of the anal
canal. All sources only pay attention to the fact that its two
branches join the perineal body. Meanwhile, it is obvious

Figure 1. – The combining of the manometric study, anatomical da-
ta and X-ray imaging of the anorectal area (lateral view).
A. The contrast marker (M) is located near the anus. The barium
was introduced into the rectum, and it is also defined in the tip of
the enema. The distance from the rectum to the marker behind the
tip is equal to the length of the anal canal (4 cm).The reflex relax-
ation of the IAS occurred in response to the rectal wall stretching.
The barium has penetrated into the upper part of the anal canal in
front of the tip only, because the posterior wall at this level is
pressed against the tip by the contracted PRM.
B. Scheme of the muscle anatomy around the anal canal: PRM –
puborectalis muscle; DP - deep portion of EAS; SP- superficial
portion of the EAS; SC - subcutaneous portion of the EAS. From
article Raizada V., Mittal R.K.7.
C. As result of the IAS relaxation and the decreasing pressure at
this level, the liquid contrast agent penetrates into the upper part of
the anal canal in front of the enema tip. The barium does not pene-
trate caudal level of the PRM, as a result of the circular muscle
contraction. The converging folds are seen over the contraction of
the deep portion of the EAS.
D. At the level of the superficial portion of the EAS the peak of re-
laxation pressure (1.7 cm from the anal dimple) is defined. This U-
shaped muscle is attached to the coccyx. During contraction it pulls
back and to sides the wall of the posterior semicircular of the IAS ,
creating a negative pressure inside of anal canal at this level.
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that superficial portion of the EAS surrounds the anal canal
back and sides and adjoin to the longitudinal layer. During
contraction it pulls the lower part of the anal canal back and
to sides, and stretches fan-like to the anal canal wall, which
may explain the increase in peak relaxation pressure. Sub -
cu ta neous portion of the EAS is separated from the superfi-
cial portion by the fibrous layer3. It is a typical circular
sphincter. All part of EAS, together with PRM contract dur-
ing the anorectal inhibitory reflex, but as a result of various
shapes and places of attachment they perform different
functions.

Defecation
Paired levator ani muscles (LAM) is the name of a group

of muscles that form the pelvic floor. The PRM is one of
them. It is hardly separated from other muscles during
anatomical study. On this basis, some authors still believe
that all these muscles function the same way. Since it is
known that the PRM relaxes during defecation, it is as-
sumed that the rest of the pelvic floor muscles also relax
during defecation10,11,12. According to them, the tension
causes the reflex relaxation of the PRM, IAS and EAS,
which leads to the “pelvic floor descending” and to disap-
pearance of the anorectal angle12. The term “descending
perineum” was first proposed by Parks et al. in describing
of the wide opening of the anal canal during defecogra-
phy13. Figure 2 shows two lateral radiographs of the anorec-
tal area in the state of barium retention (A) and during defe-
cation (B), which clearly show the broad opening of the
anal canal up to the width of the rectum due to the displace-
ment of the posterior anal canal wall to the spine (Fig. 2).
Skeletal muscles are capable of two types contraction:

tonic and mechanical. Tonic prolonged contraction of the
LAM, PRM and EAS explained by the postural reflex13,14.
Each nervous axon has a connection to the muscle fibers
scattered throughout the muscle. Therefore, even a small
amount of the contracted muscle fibers results in a contrac-
tion of the whole muscle. The muscle tone is dependent on
the number of fibers participating in the contraction, i.e.

from the percentage of axons activating muscle contraction.
The prolonged, tonic contraction is due to the continuous
replacement of the axons activating the different groups of
muscle fibers. At different time the different groups of the
muscles fibers are contracted. During the contraction of one
group, other groups of fibers restore ability to contract2, 15.
In mechanical contraction all fibers are involved, result-

ing in a significant shortening of the muscle. However the
duration of the muscle contraction is severely limited, typi-
cally less than one minute. LAM function (pubococcygeus,
iliococcygeus) during their contraction can be judged by
their attachment points. It is known that these muscles on
the periphery are attached to the pubic and ischial bones,
and arcus tendinous, which is a thickened part of the obtu-
rator fascia. They surround the anal canal and are closely
connected to the deep portion of the EAS side and the rear
wall of the anal canal16,17. Some authors consider that these
muscles are attached to the longitudinal layer of the anal
canal. The longitudinal layer of the rectum, crossing
anorectal compound is mixed with the fibers of the LAM18.
In recent years the prevailing opinion is that defecation is
accompanied by the LAM contraction, which leads to the
disappearance of the anorectal angle and to  the descending
perineum2,4,5,9,11. These two characteristics are not related to
description of physiological processes. The disappearance
of the anorectal angle is a X-ray symptom. That in the lat-
eral projection is defined as the straightening of the anorec-
tal angle, in three-dimensional image is a wide opening of
the anal canal as a result of the movement of its posterior
and lateral walls to the place attachment of the peripheral
ends of the LAM. The definition “descending perineum” is
misleading, since it is known that during defecation pelvic
floor muscles do not descend, but are raised7. The LAM’s
have a funnel shape. In the upper part, they are oriented
horizontally. Dropping down they are connected to the anal
canal in front at an angle of 30 ° to the horizontal line, and
on the sides - 45 ° (Figure 3) 3. Since the upper end of the
LAM is fixed to the pelvis, during its contraction the mus-
cles pull the lower end and posterolateral wall of the anal
canal - up and back to the pelvis. The impression about the
descending perineum is the result of the opening of the anal
canal (Fig. 4).
The LAM (iliococcygeus and pubococcygeus) descend to

the anal canal at an angle of 45° and to the top of the longi-
tudinal layer of the anal canal are attached.
In recent years, most studies indicate that the main func-

tion of the LAM is the opening of the anal canal during
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Figure 2. – The lateral radiographs of children first year of life
during barium enema were made. Metal marker 1.6 cm diameter is
located near the anus.
A. Barium penetrated into the upper part of the anal canal in front
of the enema tip as a result of the IAS relaxation. The posterior
wall at this level is pressed to the enema tip by the contracted
PRM. The distal part of the anal canal is blocked by the contracted
PRM (anorectal inhibitory reflex).
B. During defecation the posterior wall of the anal canal sharply
moved backwards. Diameter of the anal canal corresponds to the
diameter of the rectum. The disappearance of the anorectal angle
is the result of the opening of the anal canal.

Figure 3. – The scheme of coronary section one of the pelvic sides
at the level anal canal. From the article A.E.Bharucha17.
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defecation9,17,19-21. Scheme cross-section at the level of the
deep portion of the EAS at the time of the fecal retention
and bowel movements is shown in Figure 4.
Li and Guo, using CT defecography showed that “…the

levator ani muscle does not lift the anus; its main function
is to open the genital hiatus and the anus during defeca-
tion”19. Palit and co-authors came to the conclusion that
plateau levators (which are connected to the posterior sur-
face of the rectum) and longitudinal layer of the anal canal
are contracted at the same time during defecation8,11. Petros
et al. suggest that three striated muscle vectors open the
anorectal angle prior to defecation, causing the anorectal
luminal diameter to increase to approximately twice its
resting size. If the effective diameter of the anus is doubled
during defecation, the frictional resistance is reduced by a
factor of 820,21.
The combination of X-ray pictures with the anatomical

location of the muscles shows that the LAM may stretch
the back and side walls only at the upper part of the anal
canal with an additional force vector upward. In order to
stretch the lower part of the anal canal additional force
must be applied, which would have balanced the force vec-
tor directed upwards. We believe this role can perform only
superficial portion of the EAS, given its location and points
attachment. It has the shape of «U» and located below the
LAM. Its posterior end is attached to the coccyx, and the
sleeves tightly cover the lower part of the anal canal behind
and on the sides, and their ends are attached to the center of
the perineal body. During contraction of the superficial por-
tion of the EAS the posterior and side walls of the anal
canal are moving fan-like back and sides, counterbalancing
the vector force of the LAM directed upwards. Function di-
agrams of the anorectal zone during the fecal retention and
defecation are shown in Figure 5.

CONCLUSION
At rest, the IAS and all striated muscles of the pelvic

floor are in a state of tonic contraction. They help to sup-
port the pelvic organs and participate in the continuous re-
tention of feces. The pressure in an empty rectum is equal
to the intra-abdominal pressure (IAP). During long-term fe-
cal retention, while entering into the rectum of a certain
volume of feces, there is a periodic increase in rectal pres-
sure above the IAP. This pressure we called the threshold
pressure of the first order (PD-1)2. It causes a reflex relax-
ation of the IAS and contraction of the EAS and PRM
(anorectal inhibitory reflex). The PRM pulls forward the
upper part of the anal canal. This reduces the anorectal an-
gle. In front, inside the PRM loop the anal pressure de-
creases as a result of the IAS relaxation.
Between the rectum and anal canal there is a narrow open-

ing through which the gas and liquid feces can penetrate into
the upper part of the anal canal. In the mucosa at this level
there are sensors that allow to distinguish the liquid from gas.
In the presence of gas is enough to strain the abdominal wall
to increase rectal pressure and expel gas through the lower
part of the closed anal canal. Passing under pressure through
a narrow channel gas causes a characteristic sound. When the
liquid feces penetrate into the upper part of the anal canal the
tone of the EAS increases, which leads to a contraction of the
IAS and crowding out of the fluid from the anal canal into the
rectum. During anorectal inhibitory reflex the formed stool
remain in the rectum due to acute anorectal angle and the nar-
row holes between the rectum and anal canal. After a few sec-
onds5-12 the rectum adapts to the new volume of stool and re-
laxes. The rectal pressure drops up to IAP, resulting in the
contraction of the IAS and relaxation of the PRM and EAS.
After entering into the rectum of another portion of feces this
picture (anorectal inhibitory reflex) is repeated. According to
Wu this picture can be observed up to 7 times per hour3.
During the anorectal inhibitory reflex a gas and liquid

does not penetrate into the lower part of the anal canal as
result of circular contraction of the deep portion of the
EAS. At the same time the contraction of the superficial
portion of the EAS pulls the lower part of the anal canal
backward, helping to reduce anorectal angle and increases
relaxation pressure in the anal canal at this level, which al-
so contribute to the retention of feces. The contraction of
the circular fibers of the subcutaneous portions of the EAS
increases the fecal retention.
When the volume of stool in the rectum reaches a certain

value the rectal pressure rises from the TP-1 to the thresh-
old pressure of the second order (PD-2), in which a need
for a bowel movement appears.
If this need is does not coincide with the possibility of its

implementation, the rectum continues to relax, to adapt to
the increasing volume of feces, but the TP-2 periodically
reminds of necessity of bowel evacuation. When the need
for a bowel movement coincides with the possibility of its
implementation, a straining of the abdominal wall allows to
increase the rectal pressure from TP-2 to TP-3. At the rectal
pressure PD-3 the reflex defecation takes place: a strong
peristaltic wave of the rectum expels stool through the open
anal canal. It is accompanied by relaxation of the IAS,
PRM, as well as the deep and subcutaneous portions of the
EAS. The LAM (pubococcygeus and iliococcygeus), as
well as the superficial portion of the EAS are contracted,
creating a channel for facilitating the passage of stool.
Circular fiber of the subcutaneous portion of the EAS locat-
ed outside the IAS relax during defecation (but do not
stretched), skipping the formed stool. Gas and liquid feces
leave outside by a narrow stream, and soft stool passes in
form a ribbon, the width of which is proportional to the
density of feces.

Figure 5. – Function diagrams anorectal area while fecal retention
(A) and defecation (B).
LAM - red; PRM - blue; Superficial portion of the EAS - green; P
- pubic bone; 1- deep portion of EAS; 2 – superficial portion; 3 –
subcutaneous portion of EAS.

Figure 4. – Scheme cross-section at the level of the deep portion of
the EAS. A scheme from the article of A.E.Bharucha was used17.
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Any of the pressure levels depend not only on the vol-
ume of feces, but also from the tone of the rectum. For ex-
ample, with diarrhea, the rectal tone is higher than usual,
and even small amount of feces causes a pressure rise from
TP-2 up to TP-3.
Based on the combination of the results of anatomical

studies, manometric data, and X-ray picture in the different
phases of stool retention and during defecation, we came to
the conclusion that the PRM and each of the three portions
of the EAS have different functions and are actually differ-
ent sphincters.
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The great Spanish anatomist /urologist Salvador Gil-Vernet (1892-1987), stated that it was not sufficient to describe an
anatomical structure. He said that an answer was required to the question of “what is it for”1.
Even in the highest rating journals, the focus today seems concentrated on RCTs and Metanalyses. These are worthy but un-

original endeavours. Innovative science asks the question “What is it for?”, an important question, for without original thought,
there are no RCTs and no Metanalyses. Throughout its 10 year history, Pelviperineology Journal has gone to great lengths to
promote original thought. This paper by Michael Levin is one such example. 
Michael Levin is a radiologist who goes beyond reading of images to ask, “what is it for”. A feature of Michael’s research

method is the use of classic deductive logic to test his hypotheses for truth or falsity. 
His reasoning on the role of the 3 external anal sphincters is a fine example of deductive logic. His emphasis on the role of

internal anal sphincter (IAS) in continence control does not fit with my experience as a surgeon which considers the role of IAS
is to seal not close the anus. I refer interested readers to the 2008 Musculoelastic Theory 2. Study No1 found that directional
muscle forces activate anorectal continence and defecation in the female. Study No5 found only 39% of 80 fecally incontinent
patients had even partial IAS damage. Four separate surgical studies (Studies 9-12), demonstrated fecal incontinence and ob-
structive defecation were (variously) cured by repair of incompetent pubourethral and uterosacral ligaments2.
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