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ABSTRACT

Problems of continence and defecation are
encountered in all facets of medical practice.
Yet, the anorectum is «cloaked by
misunderstanding. Recent research has shed
new light on this subject and newer concepts
based on systematic investigations have paved
the way to a rational approach. Motor function
of the anorectum can now be delineated by
manometry, electromyography and nerve
stimulation. More complex functions like the co-
ordination for continence and defecation are
measured using other studies including defecating
proctography, scintigraphic balloon topography,
scintigraphic evacuation and colonic transit.

The amalgamation of data from these studies
have led to a logical sequence for the
maintenance of normal continence and
defecation that is developed in this manuscript
based on our current understanding of anorectal
motility and physiology. This allows patients who
are resistant to straightforward diagnosis to be
selected for specialised tests resulting in
categorisation and a rational management
strategy for their problems.
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INTRODUCTION

The anorectum functions as a co-ordinated unit to
maintain fecal continence and facilitate defecation.
This is a summation of numerous interrelated
autonomic and physiological mechanisms which has
been intensely investigated over the past decade and
more. However, the mechanisms responsible for these
functions remain the subject of debate and
speculation.

There are few regions in the human anatomy that
have remained as shrouded in misunderstanding as
has the anorectum. With newer research using
methods which are able to quantify parameters of
anorectal motility and physiology, relatively dogmatic
physiological concepts have been challenged. As a
result, there is now a renewed appreciation of the
clinical importance of anorectal physiology which
subsequently leads us to the understanding of
associated disorders like disordered defecation and
incontinence.

The aim of this monograph is to piece together a
logical sequence of events for the normal physiology
of fecal continence and defecation and then detail
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the clinical and investigational tests that quantitate
anorectal motility that may be useful in determining
its associated disorders.

THF NORMAL PHYSIOLOGY OF FECAL
CONTINENCE

Fecal continence is the result of a complex
combination of conscious and unconscious control.
These include among other factors a competent,
closed anal sphincter acting in symphony with a co-
ordinated pelvic floor, normal anorectal sensation and
sampling reflex, adequate rectal capacity and
compliance and normal rectal and anal canal motility
(Table I). As long as the combination of these result
in the anal canal pressures being higher than those in
the rectum, continence is maintained®,

The anal canal pressure is maintained by the tonic
contraction of the internal anal sphincter. The striated
external anal sphincter is under voluntary control and
augments the anal canal pressures. Its significance is
demonstrated by a 50% incidence of fecal soilage in
patients with a simple external sphincter defect after
obstetric tears and this is successfully alleviated by an
overlapping sphincteroplasty®?.

The anal sphincter mechanism is helped by the
acute anorectal angle which is maintained by the sling

* effect of the puborectalis muscle of the pelvic floor.

The high incidence of resulting fecal incontinence in
patients in whom the puborectalis was divided to
relieve outlet obstruction as a cause of constipation
reinforces the significance of this muscle®. In
addition, children with congenital absence of both

Table | — Factors involved in normal fecal
continence

1. The anal high pressure zone
a) tonic internal anal sphincter
b) voluntary external anal sphincter

2. acute anorectal angle and dynamic reflexes within the
anal sphincters and puborectalis which respond to
changing intra-abdominal pressures

rectal compliance, tone and capacity
anorectal sensation and reflex emptying
rectal filling and emptying

motility and evacuability of the rectum

anal canal motility

© N o v oax ow

volume and consistency of stool




the external and internal anal sphincters are often
continent”, In the past, it is believed that the presence
and subsequent correction of an obtuse anorectal
angle by a post-anal repair would restore continence.
However, analysis of results revealed that success of
this particular procedure was correlated with the
resultant rise in anal sphincter resting and squeeze
pressures rather than a correction of the angle®.

The flap valve theory of fecal incontinence suggests
that the anterior wall of the rectum is pushed
downwards onto the upper anal canal when the intra-
abdominal pressures rise!®. This prevents rectal
contents from moving down to the upper anal canal.
Parks proposed this theory from observations that
there was an association of an obtuse anorectal angle
and presumably an inability of the anterior rectal wall
to form a valve, with fecal incontinence. Later studies
using defecography failed to reveal such an event even
when the anal sphincters were maximally stressed?.

Another theory, the flutter valve theory proposes
that increased intra-abdominal pressures results in a
high pressure zone in the lower rectum which occludes
it and prevents rectal contents from progressing
distally®. Anorectal manometry shows that the high
pressure zone lies in the mid anal canal and no high
pressure zone is demonstrable in the lower rectum.

In addition to mechanical factors, maintenance
of fecal continence is augmented by dynamic reflexes
that increase muscular activity in response to intra-
abdominal pressure changes. Distension of the rectum
is associated with marked electrical activity in both
the anal sphincters and puborectalis.

The presence of a compliant rectum in addition
to the increased sphincter activity allows continence
to be preserved since the relationship of lower pressures
in the rectum and higher pressures in the anal canal is
maintained. The volume of first sensation in the
rectum varies from 11 — 68 mLs, urgency normally
develops after distention with about 200 mLs while
the maximum tolerated volume varies from 220 —
510 mLs®. The mean rectal compliance thus varies
widely from 4 — 14 mLs/cm H:0. The rectum adapts
to filling and responds to rectal distention by a reflex
decrease in compliance. Therefore, the rectum can
accommodate up to 300 mLs without a marked
change in intra-luminal pressure (receptive relaxation).
Volumes higher than this result in a rise in pressure
until tolerance is approached. This is associated with
the feeling of urgency to defecate!”. The presence of
diseases like inflammatory bowel disease, radiation
and ischaemic proctitis result, in a rigid rectum with
reduced compliance. The rectum is then unable to
fulfill its duty as a reservoir and acts more like a
conduit. The result is increased bowel frequency,
urgency and often fecal incontinence despite
“normal” anal sphincter pressures because the rectal
pressures often exceed them at lower volumes. In
such cases, the replacement of a diseased rectum
with a compliant neorectum (either an ileal pouch
or healthy colon or colonic pouch) will restore
continence. On the other hand, in Hirschsprung’s
disease, the compliance is increased, creating a
functional megarectum.

Anorectal sensory receptors reside either in the
rectum or in the pelvic muscles. The preservation of
sensation after proctectomy and coloanal anastomosis
supports their presence in the pelvic floor. Flatus
generates less pressure than solids"”. The ability to
perceive different intra-rectal pressures may help
differentiate rectal contents. Sensory perception has
also been found in the proximal anal canal mucosa®.
These may explain the presence of the rectoanal
contractile reflex. The former is the simultaneous
distention of the upper anal canal associated with
slight rectal wall contraction. This reflex prompts a
transient rise in resting pressure in the distal anal canal.
This is followed almost immediately by a transient
relaxation of the internal sphincter in the proximal
anal canal resulting in a decreased resting pressure.
This is the rectoanal sphincter inhibitory response (Fig
1). Transient relaxation of the internal anal sphincter
is thought to allow recognition of rectal contents by
the proximal anal mucosa, the sampling reflex.
Sampling has been shown to occur between 4 to 10
times per hour in ambulatory manometric studies of
healthy individuals"?.

This reflex is not solely responsible for the
maintenance of continence as it is absent after ileo-
anal anastomosis where continence can still be
achieved. Continence is also unaffected when local
anaesthetics are applied to the anal mucosa.

Motility of the rectum

Static physiological studies described three types
of rectal contractions: i) simple contractions which
occur at 5 to 10 cycles/min; ii) slower contractions
occurring at about 3 cycles/min with amplitudes
of up to 100 cm H:0, and iii) slow propagated
contractions which occur infrequently with high
amplitude"?. More recent ambulatory manometric
studies have demonstrated three types of motor
activity: i) isolated prolonged contractions of 10 to
20 seconds duration occurring mainly during waking
hours; ii) clusters of contractions of relatively low
amplitude occurring at a frequency of 5 to 6/min,
lasting | to 2 minutes, with a periodicity of 20 to
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Fig | — Manometric readings in the rectum, upper and

lower anal canal demonstrating the rectoanal contractile and
inhibitory reflex with rapid inflation and deflation of an
intrarectal balloon.
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30 minutes. This is mainly a postparandial event,
and iii) runs of powerful phasic contractions of
>50 mmHg amplitude occurring at 2 to 3 cycles/
min lasting 3 to 10 seconds. These have a
periodicity of about 92 minutes in the day and 56
minutes at night?.

The latter complexes are termed rectal motor
complexes (RMC). These occur more regularly and
frequently during sleep. They are also disrupted after
meals for periods ranging from 150 to 180 minutes.
Their function although unknown, is postulated to

keep the rectum empty®>.

Motility of the anal canal

The anal canal has a unique motility pattern consisting
of slow waves and ultra slow waves. Slow waves are
small oscillations at 10 to 20 cycles/min and an
amplitude of 5 to 25 cm H20 superimposed on the
resting tone. This slow wave manifests a gradient
within the anal canal with the frequency highest
distally®®. This results in a tendency to propel the
contents proximally into the rectum. The anal canal
is kept empty thus maintaining continence. Ultra slow
waves are found in only about 40% of normal subjects.
These have an amplitude of 30 to 100 cm H20 and a
duration of about 33 seconds and a frequencty of 3
cycles/min”. An association of ultra slow waves with
high resting pressures have been found. Both the slow
and ultra slow waves are regular fluctuation of internal
anal sphincter activity, as shown on electromyographic
studies"®.

Co-ordination of anorectal motility

Prolonged ambulatory manometry has demonstrated
that RMC’s are always accompanied by a rise in the
mean anal canal pressure and contractile activity. The
former keeps the rectum empty while the latter helps
to keep the anal canal closed thus maintaining a greater
anal canal pressure relative to rectal pressure®” and
preserving continence (Fig 2).

AWAKE

Sigmoid

[—
Thour

Sigmoid

25 mmHg

Anal Can:
10 PM

10 AM

Fig 2 — Ambulatory manometric recordings showing the
relative higher pressures of the anal canal compared with
the intrarectal pressures.
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Stool volume and consistency

Stools are normally passed anywhere between 3 stools/
day to 3 stools/week. In addition to the frequency,
there is also a wide variation in consistency. Changes
in consistency toward either extreme can stress the
mechanisms of continence. For example, if small hard
pellets of stools introduced into the rectum slowly,
the perception of rectal contents may be delayed till
relatively severe distention of the rectum occurs.
Liquid stools on the other hand, introduced rapidly
into the rectum can overcome the continence
mechanisms even in healthy individuals. It is therefore
not surprising that volunteers find passing large
deformable stools easier and with less straining
required compared with small hard pellets®. Semi-
solid stools are also more completely evacuated than
solid or liquid stools®’. Therefore, it is logical that
manipulation of stool consistency and volume be the
first line in the management of patients with fecal
incontinence.

THE NORMAL PHYSIOLOGY OF DEFECATION
When the volume of sigmoid contents are sufficiently
large, they trigger contractions which empty their
contents into the rectum. Distention of the rectum
stimulates stretch receptors in the rectal wall, pelvic
floor and upper anal canal®. Intermittent progressive
rectal distention initiates the rectoanal inhibitory
response, resulting in internal anal sphincter relaxation
and concurrent external sphincter contraction. The
nature of the rectal contents are thus perceived by the
sensory rich proximal anal canal (sampling) while
continence is maintained by the strong external
sphincter mechanism. When the decision is made to
evacuate, the intra-abdominal and intra-rectal
pressures are made to exceed that of the anal canal
through straining. The increased pressures result in a
co-ordinated reflex relaxation of the internal and
external sphincter as well as the puborectalis.
Puborectalis relaxation and the sitting or squatting
position increases the anorectal angle®. The inhibition
of the pelvic floor muscles also result in a perineal
floor descent of about 2 cm which further increases
the anorectal angle® and forms a funnel with the
outlet at the top on the anal canal. The intra-
abdominal pressure is thus directed on the fecal bolus,
expelling it.

Once initiated, defecation is either a continuous
process or passed in bits preceded by periodic
straining. The pattern is influenced by stool
consistency and size as well as by individual habit.

Upon completion, a closing reflex occurs. The
internal sphincter and puborectalis muscles transiently
contract and restore the anorectal angle®. This allows
the internal anal sphincter to recover its tone, thus
closing the anal canal.

In a socially inconvenient situation, defecation can
be voluntarily deferred by contraction of the
puborectalis and external anal sphincter. The contents
in upper anal canal are returned to the rectum. Passive
accommodation in the rectum keeps the pressure low
and cortical pathways suppress the urge to defecate.



ANO-NEORECTAL EVALUATION

Anal Sphincter Manometry

Rectal distention balloon

— Side holes

~— 0.14 cm 1.D.

Fig 3 — A perfused 4-channel manometric probe used for anorectal
manometry.

TESTS OF ANORECTAL MOTILITY

Motor complex functions are delineated by
manometry, electromyography and nerve stimulation.
More complex functions like the co-ordinated activity
for continence and defecation are measured using one
or more studies including defecating proctography,

scintigraphic balloon topography, scintigraphic

evacuation and colonic transit studies.

Anorectal manometry

The parameters measured include resting and squeeze
pressures of the anal canal, the maximum capacity and
distensibility of the rectal ampulla and the rectoanal
inhibitory response. It is important to have controls
for a particular technique as different techniques give
varying results. However, no one method has shown
superiority over any other.

A perfused 4-channel methylmethacrylate probe
is shown in Fig 3. This has four 0.14 cm channels
perfused with normal saline at 0.3 mL/min via a low
compliance pneumohydraulic perfusion system
orientated 90° apart. A sequential pull through resting
pressure profile is obtained from the four quadrants
at the proximal, middle and distal anal canal. Similarly,
squeeze pressures are obtained using the same
technique with the subject consciously squeezing the
anal canal. The probe is then positioned at the
proximal anal canal. A balloon which traverses the
middle of the probe allows the measurement of the
rectal capacity and inhibitory response. It is inflated
and immediately deflated at 5 mLs increment in an
attempt to elicit proximal anal relaxation — the rectoanal
sphincter inhibitory response. The maximum tolerated
volume represents the rectal capacity.

Balloon expulsion

This test is designed to determine the overall function
of the pelvic floor. A small balloon attached to a tube
is inserted into the rectum and filled with 50 mLs of
water®). The subjects are then asked to expel the
balloon. If the subject cannot spontaneously pass the
balloon, weights are added to the external end.
Healthy volunteers are usually able to expel a'balloon
filled with 50 mLs of water without help or with up
to 150 gm of weight. On the other hand, patients
with obstructed defecation have no spontaneous
passage of the balloon until heavy weights are used
(occasionally more than 500 gm)©©.

Electromyography

Single fiber techniques using a standard concentric
needle are used for calculation of fiber densities. The
puborectalis and external anal sphincter are studied
at rest, during sphincter squeezing and Valsalva
maneuver (when defecation is actively prevented) and
during straining (simulating attempted defecation).

Pudendal nerve terminal motor latency

In this test, the pudendal nerve is stimulated as it leaves
the pudendal canal and the arrival of the stimulus at
the puborectalis or external anal sphincter is recorded.
The delay required for the conduction of impulses
known as the pudendal nerve terminal motor latency.
In addition, spinal motor latencies can be determined
by stimulating over L1 and L4 (which supplies the
external anal sphincter and puborectalis) and
measuring the arrival of the stimulus at these muscles.

External measurement of perineal descent

A simple device has been developed that measures
the amount of descent of the perineum on
straining®®. This device rests on the ischial
tuberosities and a central measuring rod is placed
at the anal verge. Upon straining, the anal verge
descended at least 1 to 1.5 cm in healthy people.
In patients with pelvic floor dysfunction, however,
descent of the perineum was diminished®®, or
alternatively, exaggerated®”?%.

Mucosal sensation

Attempts have been made to measure the electro-
sensitivity and temperature sensation in the anal canal
in order to quantify the subjective parameter of anal
canal sensation. Patients with incontinence and
haemorrhoids have been found to have elevated
sensory thresholds. The opposite has been found in
anal fissures®. Similar impairment of temperature
sensation is found in patients with incontinence using
more complex techniques®?.

Defecating proctogram

X-rays can be used to document the act of defecation
(Figs 4a and b). Recently, video defecating
protography has become increasingly popular as it
enables real time assessment of the process. With these
images, the resting and straining anorectal angles can
be calculated. The finding of rectal intussusception is
best documented by this investigation. A sigmoidocele
although uncommon is another finding. The main
problem with the proctogram is the significance of
positive findings. For example, the finding of rectal
intussusception had since been found to occur in 50%
of healthy volunteers®?. Based on current knowledge,
it is best that results be interpreted by close correlation
with a detailed history and physical examination.

Scintigraphic balloon topography

Scintigraphic techniques enable X-ray images to be
obtained with low radiation exposure. It is utilised
here to image the movements of the anorectal angle
and pelvic floor. The anorectal angle narrows and the
anorectal junction is pushed downwards with
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Fig 4a — Defecating proctogram showing
a rectum filled with radiodense “stool”.

Fig 4b — Defecating proctogram showing
+ the rectum emptying on straining.

sphincter squeeze and Valsalva maneuvers in healthy
subjects®?. Deviation of these values are found to
occur in disorders of continence and constipation®®.

Scintigraphic evacuation

The use of scintigraphy is extended here, utilising
radio-labelled artificial stools to quantify the pattern
and efficiency of evacuation®?. After the maximum
rectal capacity has been determined, the artificial stool
is introduced into the rectum. A gamma camera is
used to record the process of defecation. The efficiency
(% evacuation) can then be calculated. Abnormal
emptying efficiency and patterns have been shown in

patients with disorders of continence®.

Colonic transit

This by definition does not come under anorectal
motility. However, its determination allows one to
pinpoint if there is a disorder in movement of fecal
material around the colon (delayed colonic transit
time), a disorder in the process of evacuation or

both®?.

CONCLUSION

The understanding of normal physiology of
continence and defecation has redefined the
physiologic challenge posed by its disorders by
allowing a systematic approach to diagnosis. The
evolution of these specialised tests allow a patient who
proves resistant to straightforward diagnostic means
to be classified into diagnostic categories by
quantifying the anorectal or colonic function. The
clinical value of anorectal motility is thus profound
in that once the patients are categorised, the various
treatment modalities available can be rationally

applied.

REFERENCES

1. Ferrara A, Pemberton JH, Hansen RB. Preservation of continence
after ileoanal anastomosis by the coordination of ileal pouch and
anal canal motor activity. Am J Surg 1992; 163:83-9.

2. Parks AG, McParthin JF. Late repair of injuries of the anal
sphincter. ] Roy Soc Med 1971; 64:1187-9.

3. Barnes PR, Hawley PR, Preston DM, Lennard-Jones JE.
Experience of posterior division of the puborectalis muscle in
the management of chronic constipation. Br J Surg 1985;72:
475-7.

4. Varma]$, Smith AN, Bussutil A. Correlation and manometric
abnormalities of rectal function following chronic radiation
injury. Br ] Surg 1985; 72:875-8.

5. Wormack NR, Williams NS, Holmfield JH, Morrison JE

Singapore Med ) 1998; Vol 39(3):136

11.

12.

13.

14.

17.

18.

19.

20.

2

—

22.

23.

24.

25.

26.

27.

28.

29.

30.

—

3

32.

33.

Simpkins KC. New method for the dynamic assessment of
anorectal function in constipation. Br J Surg 1985; 72:994-8.
Parks AG. Anorectal incontinence. Proc Roy Soc Med 1975;
68:681-90.

Bartolo DCC, Roe AM, Locke-Edmonds JE. Flap valve theory
of anorectal incontinence. Br J Surg 1986; 73:1012-4.
Phillips SE, Edwards DAW. Some aspects of anal continence
and defecation. Gut 1965; 6:396-405.

Rasmussen OO. Anorectal function. Dis Colon Rectum 1994;
37:386-403.

. O’Connell PR, Pemberton JH, Kelly KA. Motor function of

the ileal ] pouch and its relation to clinical outcome after ileal
pouch-anal anastomosis. World J Surg 1987; 11:735-41.
Goligher JR, Hughes ESR. Sensitivity of the rectum and colon:
its role in the mechanism of anal continence. Lancer 1951;
1:543.

Miller R, Bartolo DC, Cervero F, Mortensen NJ. Anorectal
temperature sensation: a comparison of normal and
incontinent patients. Br ] Surg 1987; 74:511-5.

Scharli AE, Kiesewetter WB. Defecation and continence: some
new concepts. Dis Colon Rectum 1970; 13:81.

Kumar D, Waldron D, Williams NS, Browning C, Hutton
MRE, Wingate DL. Prolonged anorectal manometry and
external anal sphincter electromyography in ambulant human

subjects. Dig Dis Sci 1990; 35:641.

. Bell AM, Pemberton JH, Hansen RB, Zinsmeister AR. Variations

in muscle tone of the human rectum: recordings with an

electromechanical barostat. Am J Physiol 1991; 260: 917.

. Hancock BD. Measurement of anal pressure and motility. Gut

1976; 17:645.

Kerreman R. Morphological and physiological aspects of anal
continence and defecation. ED Arscia, Brussels, 1969.
Bouvier M, Gonella J. Nervous control of the internal
sphincter in the cat. J Physiol (London) 1981; 310:457.
Ferrara A, Pemberton JH, Hansen ESR. Relationship between
anal canal tone and rectal motor activity. Dis Colon Rectum
1993; 34:4-5.

Bannister JJ, Davidson P, Timms JM, Gibbons C, Read NM.
Effect of the stool size and consistency on defecation. Gut

1987; 28:1246-50 .

. Ambroze WL, Pemberton JH, Bell AM, Brown M, Zinsmeister

AR. The effect of stool consistency on rectal and neorectal
emptying. Dis Colon Rectum 1993; 34:1-7.

Haynes WG, Read NW. Anorectal activity in man during
rectal infusion of saline a dynamic assessment of the anal
continence mechanism. ] Physiol 1982; 330:45-56.
Wormack NR, Williams NS, Holmfield JHM, Morrison JFB.
Anorectal function in the solitary rectal ulcer syndrome. Dis
Colon Rectum 1987; 30:319-23.

Bartolo DCC, Read NW, Jaratt JA, Read MG, Donelly TC,
Johnson AG. Differences in anal sphincter function and
clinical presentation in patients with pelvic floor descent.
Gasteroenterol 1983; 85:68-75.

Turnbull GK, Lennard-Jones JE, Bartram CI. Failure of rectal
expulsion as a cause of constipation. Why fiber and laxatives
sometimes fail. Lancet 1986; 1:767.

Pezim M, Pemberton JH, Phillips SE. The immobile perineum;
pathophysiologic implications in severe constipation. (abstract)
Dig Dis Sci 1987; 32:924 .

Lennard-Jones JE. Constipation, pathophysiology, clinical
features and treatment. In: Henry MM, Swash M, eds.
Coloproctology and the Pelvic Floor: Pathophysiology and
Management. London: Butterworths, 1985: 350-75.

Henry MM, Parks AG, Swash M. The pelvic floor musculature
in the descending perineum syndrome. Br ] Surg 1982; 69:470.
Roe AM, Bartolo DCC, Mortensen NJ. New method of
assessment of anal sensation in various anorectal disorders. Br
J Surg 1986; 73:310-2.

Shorvon PJ, McHugh S, Sommers S, Stevenson GW.
Defecographic findings in young healthy volunteers. Gut 1987;
29:A1361-2.

. Barkel DC, Pemberton JH, Pezim ME, Philips SF, Kelly KA,

Brown ML. Scintigraphic assessment of the anorectal angle
in health and after ileal pouch-anal anastomosis. Ann Surg
1988; 208:42-9.

O’Connell PR, Kelly KA, Brown ML. Scintigraphic assessment
of neorectal motor function. ] Nucl Med 1986; 27:460-4.
Metcalf AM, Phillips SE, Zinsmeister AR, MacCarty RL, Beart
RW, Wolff BG. Simplified assessment of segmental colonic
transit. Gasteroenterol 1987; 92:40-7.



