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Ultrasound Assessment of the Internal Anal Sphincter in Women with Fecal Incontinence
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ABSTRACT
Rupture of the internal anal sphincter (IAS) causes its weakness and it will not withstand increases of abdominal pressure, and fecal
incontinence (FI) will occur. Recently, we put forward a novel concept on the physiology of defecation. Defecation is divided into two stages:
First stage before training and second stage starts at the age of about 2 years, when the mother starts to teach her child how to hold up
himself. This is gained by maintaining high alpha-sympathetic tone at the IAS, thus keeping it closed all the time till there is a need to pass
stool or flatus, and the time and place are convenient. On defecation, six neuromuscular actions take place under the control of the CNS:
(1) The person will relax the external anal sphincter, (2) he will lower the gained high alpha-sympathetic tone at the IAS, thus opening the
anal canal, (3) he will relax the pelvic floor muscles bringing the rectum and the anal canal into one axis, (4) the abdominal and diaphragmatic
muscles contract to increase the abdominal pressure, (5) the muscles of the distal colon and rectum contract pushing the stool, (6)
sequential contractions of the three parts of the external anal sphincter (EAS) that squeeze any residual contents in the anal canal. Thus,
the anal canal is closed and empty under normal circumstances. The IAS is a collageno-muscular tissue cylinder that surrounds the anal
canal.
The IAS is intimately related to the posterior vaginal wall, and the vagina is over stretched in labor, childbirth trauma affects both the
posterior vaginal wall and the IAS. Rupture of the collagen sheet of the IAS which causes its weakness is better demonstrated by imaging
by 3D US.
Normal vagina is a cylinder of collageno-elastic-muscular tissues. Its strong collagen sheet is responsible for keeping it in its normal
upward position. Labors cause redundancy and weakness of the vaginal walls with subsequent prolapse; and lacerations of the IAS which
is closely related to the posterior vaginal wall leading to FI.
Keywords: Three-dimensional ultrasound (3D US), Fecal incontinence (FI), Internal anal sphincter (IAS), External anal sphincter (EAS),
Collagen, Rectocele, Central nervous system (CNS).

INTRODUCTION
The role of the internal anal sphincter (IAS) in keeping fecal
continence and in the mechanism of defecation has not been
fully understood. Also, the structure of the IAS has not been
thoroughly studied and investigated.1-7
Recently, we put forward a novel concept on the physiology
of defecation and the structure of the IAS.1 Defecation is divided
into two stages. First stage, in infancy before training, once the
rectum is distended the rectal muscles contract expelling its
contents, and the external anal sphincter relaxes allowing
passage of stool. The second stage, the mother starts to teach
her child at about the age of 2 years, how to hold up till
appropriate time and place are available. This is gained by
maintaining high alpha-sympathetic tone at the IAS that keeps

it closed all the time. When there is a desire to pass stool and
the time and place are convenient, under the control of the
central nervous system (CNS) six neuromuscular actions take
place:
1. The person will lower the high alpha-sympathetic tone at
the IAS relaxing the sphincter and opening the closed empty
anal canal
2. He will relax the external anal sphincter which is a striated
muscle innervated by the pudendal nerve
3. He will relax the levator ani muscles, to bring the rectum
and anal canal in one axis instead of the acute angle between
them
4. The abdominal and diaphragmatic muscles contract
increasing the abdominal pressure helping in pushing the
stool through the rectum into the opened anal canal to outside
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5. The muscles of the distal colon and rectum contract
propelling the stool
6. Sequential contractions of the three parts of the external
anal sphincter, the deep, the superficial and the subcutaneous
parts to squeeze any residual contents from the anal canal.
Under normal circumstances, the anal canal is kept empty
and closed. The IAS is a collageno-muscular tissue cylinder
that surrounds the anal canal and is innervated by alphasympathetic nerves from the hypogastric nerves. It is surrounded
in its lower part by the external anal sphincter which is a striated
muscle innervated by the pudendal nerve (Figs 1 to 3).
The IAS is in close relation to the posterior vaginal wall
which stretches very much during labor. Prolonged labor,
difficult, multiple frequent labors cause overstretching of the
posterior vaginal wall, leading to flabbiness of the vagina with
subsequent falling down of the redundant vaginal wall prolapse
(rectocele). The redundancy of the vaginal wall is the result of
rupture of its collagenous sheet. The rupture may affect the
intimately related IAS with subsequent FI. The rupture in the
IAS affects the collagenous sheet as seen in Figures 9 and 10.
This is a surgical biopsy taken during ‘Urethro-AnoVaginoplasty’ operation and stained with Masson trichrome

Fig. 3: Cross section of 3D US picture of normal IAS showing the anal
canal closed and surrounded by the IAS which is surrounded in its
lower part by the EAS

acetate stain which stains collagen fibers greenish-blue and
muscle fibers red. The figures show torn collagen sheet in
women suffering from FI because of torn IAS.1-3

AIM
Imaging by three-dimensional ultrasound (3D US) which gives
volumetric serial planes of images.

METHOD
Using a vaginal probe multifrequent 5 to 7.5 MHz (General
Electric), integrated 3D-4D Unit (GE Volosone), 730 Pro V
machine is done for 40 patients with FI and 10 continent women.

RESULTS

Fig. 1: Transvaginal 3D US picture: (A) Coronal section showing a
normal IAS with intact sphincter walls and closed lumen. The IAS is
surrounded in its lower part by the EAS; (B) the presence of an angle
between the rectum above and the closed anal canal below

The anal canal is closed in normal women, with intact IAS as
seen in Figures 1 to 3. In women suffering from FI the anal
canal is wide and open with torn IAS wall as seen in Figures 4
to 8.

DISCUSSION

Fig. 2: Transvaginal 3D US pictures, coronal and cross section showing
a normal IAS with a closed lumen and intact walls. It is surrounded in
its lower part by the EAS
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The internal anal sphincter (IAS) is a collageno-muscular tissue
cylinder that surrounds the anal canal innervated by alphasympathetic nerve supply from the hypogastric nerves (see Figs
1 to 3). It is surrounded in its lower part by the EAS which is a
striated muscle innervated by the pudendal nerve. Damage of
the IAS causes dilation of the anal canal. Open and dilated anal
canal allows the rectal contents to enter the anal canal with
subsequent fecal incontinence. So, we can more correctly say
that the first cause of FI is anal sphincter damage, traumatic
injury to one and/or both anal sphincters, IAS, EAS (Fig. 11).
Also we can add, anal intercourse as a traumatic cause of anal
sphincter injury.
Vaginal prolapse, anterior wall and posterior wall, is quite
common, especially after frequent multiple labors, difficult and
instrumental labors. Childbirth trauma causes redundancy,
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Fig. 4: Comparison between torn IAS with an opened anal canal on
the left as compared with an intact IAS with a closed anal canal on the
right as seen by 3D US images

Fig. 7: An image by 3D US showing a torn IAS in a patient suffering
from FI. The anal canal is open and the IAS wall is torn

Fig. 5: Imaging by 3D US transvaginally of a patient with FI, the figure
shows torn IAS with irregular cut walls and an open anal canal with a
piece of stool in the anal canal

Fig. 8: Torn IAS seen, the damage is mainly in the collagenous sheet
with muscle fibers intact. Note that the anal canal is opened. A patient
who was suffering from FI, imaged by 3D US transvaginally, showing
in the cross section torn IAS. The damage is mainly in the collagenous
sheet leaving the muscle fibers intact. Kindly notice an open anal canal

Fig. 9: Histopathology, specimen taken during surgery for FI in a patient
with torn IAS stained with Masson trichrome acetate which stains
collagen greenish-blue and muscle red. It shows torn collagenous sheet
of the IAS

Fig. 6: Imaging by 3D US transvaginally, a case of rectocele that
shows damaged IAS with torn walls and open anal canal

flabbiness and rupture of the collagenous sheet of the vagina
leading to its prolapse. At the same time, it causes rupture of
the internal urethral sphincter (IUS) leading to stress urinary
incontinence (SUI); and rupture of the IAS leading to fecal
incontinence.
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collagen is the cause of SUI, FI and genital prolapse. If the
rupture affects the collagen of the IUS it will cause SUI. If the
rupture affects the collagen of the IAS it will lead to FI. If the
rupture affects the collagen of the vagina it will lead to vaginal
prolapse. If the damage affects the pelvic ligaments (uterosacral
and transverse cervical ligaments) it will lead to uterine descent
and/or vault prolapse.
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CONCLUSION
Pelvic collagen is an essential support of the pelvic organs. It is
an essential part of the constituents of the IUS, IAS, pelvic
ligaments and the vagina. Rupture and weakness of the pelvic
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