)
H
NA
T
AK
UP

1

DR

.R

UP

NA

TH

JI(

DR

.R

Surgical Anatomy of the
Anal Canal

Ahmed Shafik

The rectal neck (anal canal) is the terminal part of the gut. Its importance
arises from the fact that it is the gateway to the whole gut; it is thus surrounded
by sphincters and muscles that regulate the passage of the rectal content to the
exterior. These muscles are responsible for fecal continence and defecation.
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The external anal sphincter is a triple loop system consisting of top,
intermediate and base loops (Shafik, 1975a) (Fig. 1-1). Each loop is separated
from the other by a fascial septum (Fig. 1-2) and has its individual attachment,
direction of muscle bundles and innervation. The top loop comprises the deep part
of the external sphincter and puborectalis, which are intimately fused together. Its
muscle bundles loop around the upper part of the rectal neck (anal canal) and are
attached to symphysis pubis. It sends a downward prolongation, which descends
along the rectal neck and shares in the formation of the longitudinal muscle (Fig.
1-2). It is supplied by the inferior hemorrhoidal nerve (Shafik et al. 1995; Shafik &
Doss, 1999 b). The intermediate loop embraces the mid-portion of the rectal neck
and is innervated by the perineal branch of the 4th sacral nerve. The base loop
encloses the lower rectal neck and is supplied by the inferior hemorrhoidal nerve.
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Fig. 1-1. Diagram illustrating the triple-loop system of the external anal sphincter (from
Shafik,1979b).
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1 ❑ Surgical Anatomy of the Anal Canal
Fig. 1-2. Coronal section at the level of the
midanal orifice shows the 3 loops of the
external anal sphincter. It shows also the
external anal fascia investing the whole
sphincter and sending inward extensions
between its loops. Verhoeff-van Gieson X7.
(from Shafik,1979b). a, levator plate;
b, suspensory sling; c, top loop (fused
puborectalis and deep external anal
sphincter); d, intermediate loop of external
anal sphincter; e, base loop of external anal
sphincter; f, internal anal sphincter;
g, logitudinal anal muscle; h, fascia on
pelvic surface of levator plate; i, hiatal
ligament; j, tunnel septum; k, pelvirectal
space; I, ischiorectal space.
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It consists of only loop fibers in its upper part and of inner circular and outer loop
fibers in its lower part.
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Mechanism of Action
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The external sphincter induces voluntary continence by a double-fold action
(Shafik, 1980):
a) Prevention of internal sphincter relaxation on detrusor contraction which I
termed voluntary inhibition reflex, and
b) Direct compression of the rectal neck, or the mechanical action.

Voluntary Inhibition Reflex
As stools enter the rectum, the rectal detrusor contracts and the internal
sphincter relax reflexively to open the rectal neck (Fig. 1-3). The latter does not
open unless the external sphincter relaxes voluntarily. However if there is no desire
to defecate, the external sphincter contracts, mechanically preventing relaxation
of the internal sphincter. Failure of the latter to relax reflexively inhibits contraction
of the rectal detrusor, which relaxes and dilates to accommodate the new
contents (Fig. 1-4). Voluntary external sphincter contraction to inhibit reflex
internal sphincter relaxation is the voluntary inhibition reflex (Shafik, 1980). This
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Fig. 1-3. External and internal sphincters at rest and during defecation. A. At rest: detrusor
relaxed and internal sphincter involuntarily contracted. B. During defecation: detrusor
contracted and external and internal sphincters relaxed (from Shafik,1980).

A

B

Fig. 1-4. Mechanism of voluntary inhibition reflex to oppose a call to stool. (from
Shafik,1980). A. Detrusor contraction with failure of internal sphincter relaxation due to
voluntary external sphincter contraction. B. Reflex detrusor relaxation due to failure of
internal sphincter relaxation, the voluntary inhibition reflex.
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is the main action responsible for voluntary continence. The internal sphincter
integrity is thus necessary not only for involuntary continence, but also for the
voluntary one, the voluntary inhibition reflex being mediated through it. For this
reason, internal sphincter reconstruction should be considered as essential step in
rectal incontinence repair (Shafik, 1981a).

Voluntary Mechanical Action
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Besides the voluntary inhibition reflex, external sphincter contraction firmly
seals the rectal neck by mechanical compression (Fig. 1-5). Being striped, the
external sphincter cannot contract for a long period to maintain continence
mechanically. The mechanical compression action is thus momentary (40-60 sec)
and serves to occlude the rectal neck by the time the detrusor relaxes as a result
of the voluntary inhibition reflex.
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In condition of internal sphincter damage, voluntary continence is induced
only by the mechanical action of the external sphincter (Shafik, 1980). The
voluntary inhibition reflex is lost. Being striped, the external sphincter cannot
contract long enough to withstand the non-inhibited prolonged contraction of the
loaded detrusor. Detrusor contraction continues despite external sphincter
contraction till the latter fatigues and relaxes and the detrusor evacuates itself
(Fig. 1-6). Hence in cases of internal sphincter damage, once the desire to
defecate is initiated, evacuation should occur. This condition, which I gave the
name stress defecation (Shafik, 1980), is observed in patients after internal
sphincterotomy for anal fissure. It could also explain the impaired control of feces
and flatus after internal sphincterotomy.

A

B

C

Fig. 1-5. Mechanism of anal occlusion by the mechanical compression of the triple loop
system of the external anal sphincter (from Shafik,1975a). A. External sphincter relaxed.
B. Direction of contraction of external sphincter loops. C. External sphincter contracted
causing air-tight anal occlusion.
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Fig. 1-6. Mechanism of stress defecation. A. Detrusor contraction with external sphincter
contraction: internal sphincter is damaged. B. Detrusor continues contraction, uninhibited by
the damaged internal sphincter: external sphincter fatigues, relaxes and defecation occurs
(from Shafik,1980).
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As a result of the separate arrangement of the 3 external sphincter loops and
since each loop has its own separate and bilateral innervation, any single loop can
function as a sphincter (Shafik, 1980). The external sphincter continent action can
be achieved by a single loop contraction and not necessarily by the 3 loops. This
constitutes the basis of the single loop continence (Shafik, 1980). On
contraction, a single loop induces continence by both the voluntary inhibition
reflex and mechanical occlusion. The latter action is significantly tight in loop
contraction, being effected not only by direct compression but also by rectal neck
kinking (Shafik, 1975a).

DR

THE ANOGENITAL MUSCLE
A recent study has demonstrated that the base loop of the external anal
sphincter extends uninterrupted across the perineum to the bulb of the penis
where it becomes continuous with the bulbocavernosus muscle (Shafik, 1999a).
While laying over the bulb, the muscle bundles were arranged into 3 groups: one
median and two lateral (Fig. 1-7). The median fibers form the retractor penis
muscle which is inserted into the corpora cavernosa, while the lateral fibers or
the compressor bulbae muscle are inserted into the perineal membrane. Upon
glands stimulation, both the external anal sphincter and bulbocavernosus muscle
contract synchronously with similar latency and action potentials (Shafik, 1999a).
The bulbocavernosus muscle is an integral part of the external anal sphincter, and
the muscle in its entirety is appropriately named anogenital muscle. The muscle
plays a dual and synchronous role in fecal control and sexual response. It is
suggested that external sphincter disorders lead to sexual dysfunction and vice
versa.
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Fig. 1-7. Diagram
showing the lateral
External anal
fibers of the base loop
sphincter
of the external anal
sphincter overlying the
penile bulb and forming
the compressor bulbae
Compressor bulbae muscle, while the
muscle
median fibers proceed
forward forming the
retractor penile muscle
which bifurcates on
either side of the
Retractor penis
corpora cavernosa (from
muscle
Shafik,1999a).
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The longitudinal muscle consists of 3 layers: medial, intermediate and lateral
(Shafik, 1976a)(Figs. 1-2 and 1-8).
The medial longitudinal muscle is a continuation of the longitudinal rectal
muscle coat. The intermediate muscle is the suspensory sling of the levator ani,
whereas the lateral muscle is the longitudinal extension of the top loop of the
external anal sphincter (Shafik, 1975a). The fleshy longitudinal muscle ends at the
level of the lower border of the internal sphincter by giving rise to a fascial
condensation called central tendon (Shafik, 1976a). The latter splits into multiple
fibrous septa. The medial septum attaches to the rectal neck lining, whereas the
lateral passes into the ischiorectal fossa. The intermediate septa penetrate the
external sphincter base loop, decussate to form the corrugator cutis and insert in
the perineal skin (Figs. 1-2 and 1-8). The longitudinal muscle plays an important
role in the mechanism of defecation (Shafik, 1976a). On contraction at stool, it
shortens and widens the rectal neck. Furthermore, it helps to fix the rectal neck
during straining at defecation, thus preventing rectal prolapse (Shafik, 1976a).
Subluxation of the longitudinal muscle shares in rectal prolapse genesis (Shafik,
1981b).

PERIANAL SPACES
Six perirectal spaces could be identified (Shafik, 1976b):
1. Subcutaneous.
2. Central.
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3. Intersphincteric.
4. Pelvirectal.
5. Ischiorectal and
6. Submucous (Figs. 1-2 and 1-8).
The subcutaneous space was found to be continuous with the ischiorectal
space. The central space lies in the lower rectal neck and is occupied by the
central tendon. It is the main perirectal space; it communicates with all of the
other spaces along the central tendon.
The central tendon gives rise to multiple fibrous septa. The medial passes
between the internal sphincter and base loop to be attached to the anal lining.
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Fig. 1-8. Diagram illustrating the rectal neck musculature and perirectal spaces. (from
Shafik,1976b). a, submucous space containing internal anal septum; b, internal sphincter;
c, e, j & I, four intersphincteric spaces; d, f & k, medial, intermediate and lateral longitudinal
muscles; g, central space occupied by central tendon; h, m & o, base, intermediate and top
loop of external sphincter; i, subcutaneous space containing corrugator ani cutis; n, external
fascial septum; p, ischiorectal space; q, levator plate; r, pelvirectal space.
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The lateral septum passes between the intermediate and base loops into the
ischiorectal fossa. The intermediate septa penetrate the base loop into the
subcutaneous space. The central space thus communicates with all perianal
spaces: the subcutaneous, submucous, ischiorectal and intersphincteric, through
which it communicates with the pelvirectal space.
There are four intersphincteric spaces, which lie along the three layers of the
longitudinal muscle (Shafik, 1976b) (Figs. 1-2 and 1-8). The most medial space
communicates with the submucous space, whereas the lateral two spaces
communicate with the ischiorectal space. The intermediate space communicates
directly with the pelvirectal space. The intersphincteric spaces communicate
inferiorly with the central space through which they are connected to the
subcutaneous space and perianal skin and to the ischiorectal space.

New Fistula Classification
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A new fistula classification was put forward based on pathoanatomical and
clinical studies of 300 patients with anorectal fistulas (Shafik, 1979a).
The route adopted by the pus to any of the six perianal spaces defines the
type of fistula. According to the relation of the fistulous track to the external
sphincter, two main types of fistula could be recognized: intrasphincteric and
extrasphincteric (Fig. 1-9).

Intrasphincteric Fistula (218 cases, 73 per cent)

UP

NA

TH

JI(

The track is medial to the external sphincter and the external opening is
commonly close to the anal outlet within the perianal skin corrugations. It starts as
a central space infection, which spreads either down to the subcutaneous space
and perianal skin, forming a central fistula, or up the intersphincteric spaces
forming an intersphincteric fistula (Fig. 1-9).

Extrasphincteric Fistula (82 cases, 27 per cent)
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The track is lateral to the external sphincter, and the external opening
commonly overlies the base of the ischiorectal fossa away from the perianal
corrugations. It arises as a central space infection, which spreads, laterally to the
ischiorectal space (Fig. 1-9).

Central Fistula (138 cases, 46 per cent)
The track passes from the primary abscess in the central space down, through
the base loop and the subcutaneous space, to the perianal skin. The abscess may
also point medially into the rectal neck (Fig. 1-9). It is the most common fistula
and is treated by a lay-open operation including base loopotomy.

Intersphincteric Fistula (80 cases, 27 per cent)
This results from upward extension of central space infection to the
intersphincteric spaces. According to relation of the track to the levator plate, two
types were recognized: low and high (Shafik, 1979a).
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Fig. 1-9. The authors
classification of fistula:
a, central abcess; b, central
fistula; c, low
intersphincteric fistula;
d, high intersphincteric
fistula; e, low
extrasphincteric fistula;
f, high extrasphincteric
fistula (from Shafik,1979a).
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Low intersphincteric fistula: (51 cases)
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The track occupies any of the four intersphincteric spaces below the levator
plate (Fig. 1-9). Thirty-eight cases had a blind upper end, nine had an internal
opening into the rectal neck and four were of the loop type (Fig. 1-9). All except
the high-loop fistula were treated by a lay-open operation, which included internal
sphincterotomy.
Fistulas medial to the anal suspensory sling may extend above the levator
forming high intersphincteric fistula, whereas lateral fistulas extend to the
ischiorectal space, giving rise to the loop fistula (Fig. 1-9). The loop fistula may
be low or high. The low type (three cases) skirts the upper border of the
intermediate loop and was treated safely by a lay-open operation. The high type
(one case) loops over the top loop. Its treatment is problematic since a lay-open
operation cuts the whole external sphincter and threatens continence. The fistula
consists of an intersphincteric portion which was laid open and an extrasphincteric
portion which was excised; the connecting part was curetted. The result was
satisfactory.

High intersphincteric fistula (29 cases)
This fistula results from extension of the low intersphincteric fistula above the
levator plate. Two types were identified: intrarectal and extrarectal or pelvirectal
(Shafik, 1979a).

Intrarectal fistula (24 cases)
The track extends into the anal and rectal walls (Fig. 1-9). It starts as central
space infection, which spreads into the medial intersphincteric space and extends
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up between the circular and longitudinal muscle coats of the rectum. Eighteen
fistulas had a blind upper end and six had an internal opening into the rectum
above the levator plate. Ten patients had a side track into the rectal neck. The
treatment is a lay-open operation with internal sphincterotomy. Incision should
not extend above the levator to avoid rectal wall perforation into pelvirectal space.
The supralevator part of the track is curetted.

Extrarectal (Pelvirectal) Fistula (5 cases)
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Two types were identified: primary and secondary.
The primary (four cases) results from upward extension of central space
infection along the middle intersphincteric space to the pelvirectal space (Fig. 1-9).
All fistulas ended blindly; two patients had a side track into the rectal neck. The
treatment comprised laying open the infralevator part of the track and
curettage of the supralevator part.
The secondary type (one case) starts in the pelvirectal space (the result of an
abdominopelvic infection) and tracks down the middle intersphincteric space (Fig.
1-9). The treatment is that of the original condition. The patient in the present
series had a bilharzial pericolic mass; the fistula healed spontaneously after pelvic
colectomy.
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Two types were identified in relation to the levator plate: low and high.

Low type (78 cases)
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The track lies in the ischiorectal space below the levator plate (Fig. 1-9). The
upper end was blind in 68 cases and opened into the rectal neck in ten. The
treatment is a lay-open operation, which comprises intermediate and base loop
division. Division of the top loop, if necessary was performed after inducing
fibrosis by a silk ligature.

High type (4 cases)

DR

This type results from upward extension of a low extrasphincteric fistula
through the levator to the pelvirectal space (Fig. 1-9). It ended blindly in the four
cases; two cases had a subsidiary track in the rectal neck. The treatment
comprised excision of the infralevator part of the track. The opening in the levator
plate is then widened and the supralevator collection is curetted and drained.
Subsidiary tracks are laid open into the rectal neck.
The fistula classification presented here is simple and practical. It stresses the
central space as being the common primary site of infection for all fistulas (Shafik,
1979a). The types of fistula encountered are in accord with and describe the
pattern of the perianal spaces. Further, it relates fistulas to the external sphincter,
the principal muscle of continence. The levator plate is preferred to the anorectal
ring as a landmark indicating the fistula depth; this is because the levator plate
has a sharp well-defined medial border that can be identified by digital rectal
examination as compared to the ill-defined anorectal ring.
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All fistulas start as a central space infection, which may remain confined to
the intrasphincteric compartment or spread extrasphincterically. The low and high
types are variations of the depth as related to the levator plate (Shafik, 1979a).

LEVATOR HIATUS AND TUNNEL
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The levator ani consists essentially of the pubococcygeus, the iliococcygeus
being rudimentary in humans. The puborectalis is not a part of the levator; both
differ in morphology, innervation and function (Shafik, 1975b; 1979b). The
pubococcygeus is funnel-shaped with a transverse portion called levator plate
and a vertical portion called suspensory sling (Shafik, 1975b; 1979b) (Figs. 1-2
and 1-8). The levator plate is an oval cone, which stretches across the pelvis; the
levator hiatus occupies its anterior portion and the rectococcygeal raphe exists
posteriorly (Fig. 1-10). Two patterns of the rectococcygeal raphe could be
identified: single and triple decussation patterns (Fig. 1-11). The latter seems to
give firmness to the levator plate and might be a factor in resisting rectal prolapse
(Shafik, 1975b). The hiatal ligament connects the medial border of the levator
plate to the anorectal junction (Shafik, 1975b; 1979b). The levator plate consists
of 2 crura that bound the levator hiatus, and of 2 lateral masses (Shafik, 1979b)
(Fig. 1-10). Three crural patterns were identified: classic, crural overlap and crural
scissor (Fig 1-12); the latter 2 types seem to have a role in rectal prolapse genesis
(Shafik 1981b).
The levator ani is the principal muscle of defecation. On contraction at
defecation, it opens the rectal neck for the stool to descend. Any interference
with levator function results in disturbance of the defecation act and leads to
levator dysfunction syndrome (Shafik, 1983) which presents as descending
perineum, intussusception, solitary ulcer syndrome and rectal prolapse (Shafik,

Rectum
Hiatal ligament
Vagina
Urethra

Puborectalis
Suspensory sling

Levator tunnel

Fig. 1-10. Diagram illustrating the levator plate and tunnel (from Shafik,1979b).
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Fig. 1-11. Diagram illustrating the decussation patterns of the rectococcygeal raphe (from
Shafik,1975b). A. Single pattern. B. Triple pattern.
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1975b; 1979b; 1981b) The different patterns of the rectococcygeal raphe and
levator crura play an important role in rectal neck support; their subluxation may
eventually lead to rectal prolapse (Shafik, 1975b; 1979b; 1981b).
The levator tunnel is a muscular tube, which surrounds the intrahiatal organs
(rectal neck, prostate in males or vagina and urethra in females) along their way
down from the levator hiatus to the perineum (Fig. 1-10). The posterior tunnel
wall (3-4 cm) is longer than the anterior one (2.5-3 cm). The tunnel is double
sheathed with an inner coat of the suspensory sling and an outer of the
puborectalis. Both coats are of striped muscle bundles. The inner coat is a tunnel
dilator which opens the rectal neck at defecation, whereas the outer coat is a
tunnel constrictor (Shafik, 1979b), The tunnel septum, a grayish white
membrane, lines the inner aspect of the levator tunnel and separates it from the
fascia propria of the intrahiatal organs (Shafik, 1979b). It separates the voluntary

Rectococcygeal
raphe
Rectum
Hiatal ligament
Vagina

Crus

Urethra
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D

Fig. 1-12. Diagram illustrating the different crural patterns of the levator ani muscle (from
Shafik,1979b). A. Classic pattern. B. Crural overlap. C e D. Crural scissor.
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from the involuntary components of the levator tunnel. It serves as an important
landmark during mobilization of the intrahiatal organs from within the levator
tunnel as in the operation of anorectal mobilization for rectal cancer (Shafik,
1981c; 1985; 1986).

Hiatal Ligament
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The levator plate is connected to the intrahiatal organs by a fascial
condensation called the hiatal ligament (Shafik, 1975b; 1979b) (Figs. 1-2, 1-10
and 1-12). It arises from the inner edge of the levator plate and splits fanwise into
multiple septa to insert into the upper rectal neck, vesical neck as well as into the
upper vaginal end. Anteriorly, the ligament fills the gap between the two levator
crura at their origin, forming the puboprostatic or pubovesical ligament (Shafik,
1975b; 1979b). The hiatal ligament plays a vital role in harmonizing the action
between the levator plate and the intrahiatal organs during evacuation of their
contents (defecation and urination). Hiatal ligament subluxation would interfere
not only with the act of evacuation but leads also to prolapse of the intrahiatal
organs (Shafik, 1975b; 1981b; 1987).
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Puborectalis and the Double-Sphincter Control
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The puborectalis, as it proceeds backward from its origin in symphysis pubis,
gives off muscle bundles to each intrahiatal organ forming individual voluntary
sphincters for these organs (Shafik; 1979b; 1984) (Fig. 1-13). It gives rise to the
external urethral sphincter and deep external anal sphincter in both sexes, as well
as to the vaginal sphincter in the female and prostatic sphincter in the male.

Rectum
Levator crus

DR

.R

UP

Hiatal ligament

Suspensory sling
Puborectalis
Suspensory sling
Top loop of external sphincter

Vaginal
sphincter

Urethral sphincter

Fig. 1-13. Diagram illustrating the individual sphincters arising from the puborectalis which
acts as a common sphincter for the intrahiatal structures (from Shafik,1979b).
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However, the puborectalis and deep external anal sphincter were found fused
together, the conjoint muscle being named top loop (Shafik, 1975a). Each
intrahiatal organ is thus provided with a double voluntary sphincteric apparatus:
(a) an individual organ sphincter, derived from the puborectalis and specific for
the organ, and (b) a common tunnel sphincter, the puborectalis itself, which acts
on the intrahiatal organs collectively. This separate sphincteric activity for the
individual organs under the control of a common continent muscle secures not
only an immune sphincteric function to the organ, but a harmonized action
among the structures enclosed within the levator tunnel (Shafik, 1997; 1998).
Further, the double sphincteric mechanism provided to each organ could be a
guarantee of functional maintenance in case either of the two sphincters are
damaged. Injury of either sphincter alone does not induce incontinence of the
concerned organ, unless both sphincters, the individual and common are
destroyed, continence could be maintained by either (Shafik, 1979b; 1984; 1997;
1998).
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MECHANISM OF DEFECATION
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The muscles that act on the rectal neck are the external and internal anal
sphincters, puborectalis, levator ani and longitudinal muscle.
The external and internal sphincters as well as the puborectalis are muscles of
continence. Their role at stool is to contract in order to interrupt or terminate the
act of defecation (Shafik, 1975a; 1998). However, the principal muscles of
defecation are the levator ani and the longitudinal muscles (Shafik, 1998; 1976a;
1979b). They act jointly to open the rectal neck at defecation. The 2 muscles are
interrelated due to the fact that the suspensory sling, a part of the levator,
constitutes the middle layer of the longitudinal muscle (Shafik, 1976a; 1979b;
1998) (Figs. 1-2 and 1-8).

DR

Anatomical Mechanism of Defecation
With the knowledge of the physioanatomical aspects of the pelvic floor
muscles and assisted by manometric, EMG and barium enema studies, the precise
mechanism of defecation could be explored (Shafik, 1982; 1991a) As stools enter
the rectum, reflex detrusor contraction and internal sphincter relaxation occur.
The continuation of defecation depends on 2 factors: (a) external sphincter
relaxation, and (b) straining. If defecation is acceded to, the external sphincter is
voluntarily relaxed. Straining is necessary to maintain defecation as it raises the
intra-abdominal pressure. This serves a double purpose: it compresses the
detrusor, which helps evacuation, and it stimulates levator contraction through
the straining-levator reflex (Shafik, 1991b). Although the intra-abdominal pressure
compresses the detrusor, the rectal neck is spared owing to its protected location
below the levator plate. When the levator plate contracts, it moves from the cone
to the flat position and is elevated and laterally retracted (Shafik, 1975b; 1979b)
(Fig. 1-14). This results in pulling on the hiatal ligament, which in turn pulls open
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Fig. 1-14. Mechanism of defecation. A. At rest. B. At defecation: flattening of levator cone as
well as suspensory sling contraction result in opening of rectal neck (from Shafik,1980).
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the anorectal junction and partially opens the rectal angle. Simultaneously, the
suspensory sling contracts and not only pulls up the base loop to unseal the anal
orifice, but also partially opens the rectal neck (Fig. 1-14).
The longitudinal muscle joins the detrusor in contraction, which results in
shortening and opening of rectal neck as well as in complete straightening of the
rectal angle (Shafik, 1976a). This brings the rectal neck into alignment with the
detrusor so that efficient fecal pumping occurs. The final result of the joint
contraction of the detrusor, longitudinal muscle and levator ani is the opening of
the rectal neck for the rectum to evacuate its contents.

.R

Physiologic Mechanism of Defecation

DR

The concerted functions of the anorectal musculature at defecation are
initiated and harmonized by voluntary impulses and reflex actions as
demonstrated in recent communications (Denny-Brown & Robertson, 1935;
Shafik, 1990; 1991c; 1993). When the rectal detrusor is distended with fecal mass
and the stretch receptors are stimulated, the recto-anal inhibitory reflex
(Denny-Brown & Robertson, 1935) is initiated by which the rectal detrusor
contracts and the internal sphincter relaxes. Detrusor contraction triggers 2
reflexes: recto-puborectalis reflex (Shafik, 1990) and the recto-levator reflex
(Shafik, 1993). These two reflexes act simultaneously, yet have opposite functions;
on detrusor contraction, the recto-levator reflex effects a reflex levator
contraction, which opens the rectal neck. At the same time, the reflex
puborectalis contraction, actuated by the rectopuborectalis reflex, functions to
close or keep closed the rectal neck as impulses reach the conscious level to probe
the circumstances for defecation. If inopportune, the puborectalis continues
voluntary contraction.
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Voluntary puborectalis contraction evokes 2 reflex actions: (a) reflex levator
relaxation through the levator-puborectalis reflex (Shafik, 1991c), and (b) reflex
detrusor relaxation by means of the voluntary inhibition reflex (Shafik, 1980).
Meanwhile it aborts the recto-anal inhibitory reflex, which relaxes the internal
sphincter. Hence voluntary puborectalis contraction, through the voluntary
inhibition reflex, prevents internal sphincter relaxation, which results in reflex
detrusor relaxation and waning of the urge to defecate (Shafik, 1980). However,
as soon as circumstances would allow defecation and the sensation of desire is
felt, the puborectalis muscle relaxes voluntarily and the detrusor evacuates its
contents. This demonstrates that the act of defecation is under voluntary control
despite the presence of reflex actions sharing in the mechanism of defecation.
Thus, although the recto-anal inhibitory and rectolevator reflexes function to open
rectal neck, the recto-puborectalis and the levator-puborectalis reflexes keep the
rectal neck closed until the decision for defecation has been taken.
Straining at the start of defecation is a normal physiological process and as
such is part of the mechanism of defecation. By elevating the intra-abdominal
pressure, it triggers the straining-levator reflex (Shafik, 1991b) , which effects
levator contraction and the opening of the rectal neck for the spontaneous
evacuation of the stools.

DR

BIBLIOGRAPHY

JI(

Denny-Brown D, Robertson EG. An investigation of the nervous control of defecation. Brain
1935;58:256.

NA

TH

Shafik A. A new concept of the anatomy of the anal sphincter mechanism and the physiology
of defecation. I. The external anal sphincter: a triple loop system. Invest Urol
1975a;12:412419.

UP

Shafik A. A new concept of the anatomy of the anal sphincter mechanism and the physiology
of defecation. II. Anatomy of the levator ani muscle with special reference to
puborectalis. Invest Urol 1975b;13:175182.

DR

.R

Shafik A. A new concept of the anatomy of the anal sphincter mechanism and the physiology
of defecation. III. The longitudinal anal muscle; anatomy and role in anal sphincter
mechanism. Invest Urol 1976a;13:271277.
Shafik A. A new concept of the anatomy of the anal sphincter mechanism and the physiology
of defecation. IV. Anatomy of the perianal spaces. Invest Urol 1976b;13:424428.
Shafik A. A new concept of the anatomy of the anal sphincter mechanism and the physiology
of defecation. VII. Anal fistula. A simplified classification. Dis Colon Rectum
1979a;22:408414.
Shafik A. A new concept of the anatomy of the anal sphincter mechanism and the physiology
of defecation. VIII. Levator hiatus and tunnel: anatomy and function. Dis Colon Rectum
1979b;22:539549.
Shafik A. A new concept of the anatomy of the anal sphincter mechanism and the physiology
of defecation. IX. The single loop continence. A new theory of the mechanism of anal
continence. Dis Colon Rectum 1980;23:3743.
Shafik A. A new concept of the anatomy of the anal sphincter mechanism and the physiology
of defecation. XI. Anal incontinence: a technique for repair: Am J Proct Gastroenterol Col
Rect Surg 1981a;32:1823.

19

1 ❑ Surgical Anatomy of the Anal Canal

DR

.R

UP

NA

TH

JI(

DR

.R

UP

AK

NA
T

H

)

Shafik A. A new concept of the anatomy of the anal sphincter mechanism and the physiology
of defecation. XIII. Rectal prolapse: a new concept of pathogenesis. Am J Proct
Gastrenterol Col Rect Surg 1981b;32:610.
Shafik A. A new concept of the anatomy of the anal sphincter mechanism and the physiology
of defecation. XII. Anorectal mobilization: a new surgical access to rectal lesions. Am J
Surg 1981c;142:629635.
Shafik A. A new concept of the anatomy of the anal sphincter mechanism and the physiology
of defecation. XVII. Mechanism of defecation. Coloproctology 1982;4:4954.
Shafik A. A new concept of the anatomy of the anal sphincter mechanism and the physiology
of defecation. XVIII. The levator dysfunction syndrome. A new syndrome with report of 7
cases. Coloproctology 1983;5:158165.
Shafik A. A new concept of the anatomy of the anal sphincter mechanism and the physiology
of defecation. XX. The pelvic double-sphincter control complex. Theory of pelvic organ
continence with clinical application. Urology 1984;23:611618.
Shafik A. A new concept of the anatomy of the anal sphincter mechanism and the physiology
of defecation. XXV. Anorectal mobilization in the treatment of rectal lesions. Further
study. Coloproctology 1985;7:107112.
Shafik A. A new concept of the anatomy of the anal sphincter mechanism and the physiology
of defecation. XXIX. Reversion to normal defecation after combined excision operation
and end colostomy for rectal cancer. Am J Surg 1986;151:278284.
Shafik A. A new concept of the anatomy of the anal sphincter mechanism and the physiology
of defecation. XXVIII. Complete rectal prolapse: a technique of repair: Coloproctology
1987;9:345352.
Shafik A. A new concept of the anatomy of the anal sphincter mechanism and the physiology
of defecation. XLII. Recto-puborectalis reflex. Coloproctology 1990;12:170172.
Shafik A. Constipation. Some provocative thoughts. J Clin Gastroenterol 1991a;13:259267.
Shafik A. Straining-levator reflex. The description of a new reflex and its clinical significance.
Coloproctology 1991b;13:314319.
Shafik A. Levator-puborectalis reflex: Its role in elimination. Pract Gastroenterol
1991c;15:2835.
Shafik A. The recto-levator reflex. The description of a new reflex and its clinical application.
Preliminary report. Clin Physiol Biochem 1993;10:1317.
Shafik A. Study on the origin of the external anal, urethral, vaginal and prostatic sphincters.
Int Urogynecol J 1997;8:126129.
Shafik A. A new concept of the anatomy of the anal sphincter mechanism and the physiology
of defecation. Mass contraction of the pelvic floor muscles. Int Urogynecol J
1998;9:2832.
Shafik A. The physioanatomic entirety of the external anal sphincter with the
bulbocavernosus muscle: A new concept. Arch Androl 1999a;42:4554.
Shafik A, Doss S. Study of the surgical anatomy of the somatic terminal innervation to the
anal and urethral sphincters: Role in anal and urethral surgery. J Urol 1999b;161:8589.
Shafik A, El-Sherif M, Youssef A, El-Sibai O. Surgical anatomy of the pudendal nerve and its
clinical implications. Clin Anat 1995;8:110115.

