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Abstract Disorders of the posterior
pelvic floor are relatively common.
The role of imaging in this field is
increasing, especially in constipa-
tion, prolapse and anal incontinence,
and currently imaging is an integral
part of the investigation of these pel-
vic floor disorders. Evacuation
proctography provides both structur-
al and functional information for rec-
tal voiding and prolapse. Dynamic
MRI may be a valuable alternative as
the pelvic floor muscles are visual-
ised, and it is currently under evalua-
tion. Endoluminal imaging is impor-
tant in the management of anal in-
continence. Both endosonography
and endoanal MRI can be used for

detection of anal sphincter defects.
Endoanal MRI has the advantage of
simultaneously evaluating external
sphincter atrophy, which is an impor-
tant predictive factor for the outcome
of sphincter repair. Many aspects of
constipation and prolapse remain in-
completely understood and treatment
is partly empirical; however, imag-
ing has a central role in management
to place patients into treatment-
defined groups.
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Imaging of the posterior pelvic floor

Introduction

Posterior pelvic floor disorders such as prolapse and anal
incontinence are relatively common particularly in fe-
males, and increase in incidence with age. Factors that
weaken the pelvic floor include age-related neuropathy,
vaginal delivery causing direct trauma to the pelvic floor
structures or neuropathy, and changes associated with
menopause.

Current diagnostic work-up comprises a clinical his-
tory, physical examination and various physiological
tests. During the past two decades imaging has become
an increasingly important part of investigation, and dedi-
cated imaging techniques have been developed and be-
come more widespread. These have provided new in-
sights into the pathogenesis of pelvic floor disorders, e.g.
the significance of occult anal sphincter tears in anal in-
continence. Radiologists becoming involved in this field
will experience an increasing demand for these examina-

tions as clinicians come to rely more heavily on imaging
studies for diagnosis, and to select patients for appropri-
ate therapies.

This paper reviews the advances in imaging of the
posterior compartment of the pelvic floor, and the cur-
rent role of these techniques in the investigation of pa-
tients with common posterior pelvic floor disorders as
presenting to the coloproctologist, notably constipation,
prolapse and anal incontinence.

Anatomy of the posterior pelvic floor

The pelvic floor is a complex integrated multi-layer
system providing active and passive support, with fascia
and ligaments providing the passive support, and the
muscles of the pelvic floor the active support. The pelvic
floor has three layers: the pelvic fascia with its associat-
ed specialised ligaments; the striated muscle of the leva-
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tor ani; and associated muscles of the urogenital dia-
phragm. Included in the posterior pelvic floor are the
sphincteric muscles of the anus, which also have a
smooth muscle component.

The levator ani is the major muscle of the pelvic
floor, and comprises three components: the ileococcyge-
us; coccygeus; and puborectalis muscles, which function
as a single functional unit [1]. The sling-like puborectalis
passes beside the urethra, vagina and anorectum with at-
tachments to the vagina and anorectum. This sling closes
the urogenital and anorectal hiatae, providing a support-
ive platform during normal activity and standing. Above
the pelvic floor, ligaments (e.g. round ligaments, utero-
sacral ligaments) add to the support.

The anal sphincters form two cylindrical layers
(Fig. 1), between which lies the longitudinal muscle. The
internal sphincter forms the innermost muscular layer,
and is the terminal condensation of the circular rectal
smooth muscle (Fig. 1). The longitudinal muscle is the
continuation of the longitudinal muscle of the rectal
wall, with striated muscle components from the puboan-
alis and a considerable fibroelastic content derived from
the pubocervical fascia. The external sphincter is the out-
ermost muscle of the distal anal canal (Fig. 1) and is
composed of several parallel bundles of striated muscle
[2]. It is a circular structure and is the anterior part and is
shorter in women by approximately 1.5 cm [3]. The deep
part of the external sphincter is intimately related to the
puborectalis.

Constipation

Evacuation proctography

Evacuation proctography (defecography) describes the
imaging of rectal evacuation using a barium paste. The
procedure is of most value for investigating patients who
complain of difficult or incomplete rectal emptying. The
technique is straightforward: the rectum is filled with a
barium paste and the patient seated on a specially de-
signed commode [4]. Following a single lateral rectal
view to document resting rectal and pelvic floor configu-
ration, the patient is asked to evacuate as rapidly and
completely as possible during filming (usually at one
frame per second). Low-dose protocols may be used
with digital systems to give low minimal dose with ade-
quate spatial resolution. As part of the standard examina-
tion dilute oral barium suspension is given approximate-
ly 1 h before to demonstrate enterocoeles [5]. Some
workers employ a vaginal marker. Proctography may be
supplemented by opacifying the bladder to include imag-
ing urinary voiding and bladder configuration, which has
been termed dynamic cystoproctography [6]. Abnormali-
ties may be either structural or functional. Structural le-
sions include varying degrees of rectal prolapse, exces-
sive pelvic floor descent, and rectocoele or enterocoele
formation.

Structural findings

Proctography is frequently requested to diagnose internal
rectal prolapse, which is difficult to demonstrate clinical-
ly. Anterior mucosal prolapse is a common proctoscopic
diagnosis with no clear-cut correlation on proctography.
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Fig. 1 Normal anal anatomy at
coronal T2-weighted turbo
spin-echo (TSE) image in a 
40-year-old man. SUP superior;
LT left



Rectal intussusception may be defined as intra-rectal, in-
tra-anal or external. The division into high or low grade
is an attempt to describe the severity of prolapse (Fig. 2),
with low-grade intussusception frequent in asymptomat-
ic individuals, and therefore likely to be a normal finding
[7]. Intussusception occurs only when the rectum col-
lapses [8]. Screening in the antero-posterior plane shows
that the rectum folds over as it empties, which may be
used to confirm intra-anal intussusception (Fig. 3). The
intussusception creates a sensation of incomplete evacu-
ation but does not cause mechanical rectal blockage as
the intussusception develops typically only when the rec-
tum is empty. Intra-rectal intussusception is not a defined
entity. Many patients with solitary rectal ulcer syndrome
have intra-anal intussusception. Although surgery may
cure both the intussusception and the ulcer, symptoms
often persist suggesting a multifactorial aetiology to this
syndrome [9]. 

Rectocoele and enterocoele are common (Fig. 4). In-
deed, some degree of rectocoele formation is present in
most asymptomatic women, suggesting that only recto-
coeles >2 cm in depth should be considered abnormal
[7]. Large rectocoeles do not impede evacuation, but se-
questration of stool within a rectocoele leads to a sense
of incomplete evacuation and the need for digital ma-
noeuvres to complete evacuation. Significant retention of
contrast within a rectocoele when the rectum has emp-
tied confirms barium trapping. A deep rectogenital space
may fill with bladder, uterus, sigmoid colon (sigmoido-
coele) or small bowel (enterocoele) [10]. The original
concept of rectal blockage from enterocoeles is incorrect
[10], but large enterocoeles extending into the perineum
may be symptomatic, giving rise to either perineal dis-
comfort or a sense of incomplete evacuation. Although
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Fig. 2 Evacuation proctogram, lateral view during evacuation.
There is a high-grade distal rectal intussusception evidenced by
circumferential rectal wall invagination (arrows)

Fig. 3 Evacuation proctogram. Lateral view during evacuation re-
veals a large anterior mucosal prolapse that enters the anal canal
(between black arrows). There is an associated rectocoele (open
arrow)

Fig. 4 Dynamic cystoproctogram during rectal evacuation reveals
a cystocoele (curved black arrow), enterocoele (straight black ar-
row) and rectocoele (white arrow)



the size of the rectogenital pouch is easily appreciated at
the time of surgery, pre-operative assessment is more ac-
curate proctographically than clinically.

By relating the position of the anorectal junction to a
bony landmark, such as the ischial tuberosities, procto-
graphy provides a simple method to determine the posi-
tion of the pelvic floor at rest and during evacuation.

Excessive pelvic floor descent has been associated
with pudendal neuropathy and chronic straining (de-
scending perineum syndrome), and is common in consti-
pated subjects. Surgery directed specifically at restora-
tion of normal pelvic floor configuration is contentious,
as it is unusual to see excessive descent in isolation. Nor-
mally there is a constellation of associated abnormalities
such as intussusception, rectocoele and perineal balloon-
ing.

Functional evacuation disorders

Rectal evacuation is a functional event requiring coordi-
nation between voluntary and involuntary nervous path-
ways as well as smooth and striated muscles. It has long
been recognised that some patients experience difficul-
ties with rectal evacuation because of an inability to co-
ordinate this necessarily complex series of events. Evac-
uation of a rectal balloon with simultaneous electromy-
ography of the pelvic floor musculature has shown that
some patients inappropriately contract the pelvic floor
muscles when they should be relaxing, thereby inhibiting
voiding [11].

This phenomenon has attracted a varied terminology,
including anismus, paradoxical puborectalis contraction
and spastic pelvic floor syndrome. The cause of this syn-
drome is unknown, although a convincing association
with sexual abuse suggests a psychological origin in
some patients. There is also an association with slow co-
lonic transit in young women, although there is some ev-
idence to suggest that the slow transit is merely a sec-
ondary phenomenon to inhibited evacuation. Predictably,
considerable controversy surrounds diagnosis of anis-
mus: it cannot be demonstrated in many constipated pa-
tients, it has been described as a laboratory artefact and it
may be found in asymptomatic subjects. Nevertheless,
there seems to be a generally strong association with
symptoms and, most convincingly, the success of bio-
feedback treatment supports the value of making this di-
agnosis.

The diagnosis of anismus has been based historically
on finding inappropriate puborectal contraction. It was
assumed that this would be visible during proctography
as a persistent indentation posteriorly just above the ano-
rectal junction. In practice, this is a poorly predictive
sign. A study of 24 patients with proven anismus found
no significant difference between puborectalis configura-
tion and that of controls [12]. Prolonged and/or incom-

plete contrast evacuation was far more specific, present
in 20 of 24 patients (83%) compared with none of the
controls [12]. The combination of prolonged and incom-
plete voiding gave a positive predictive value of 90%
compared with a physiological diagnosis of anismus
[13].

Interpretation

Constipation is a symptom not a sign, and is based on
the patient’s perception. Stool frequency may be estab-
lished on direct questioning, but differentiating structural
and/or functional causes of “difficult” defaecation that a
patient often describes as constipation is difficult clini-
cally.

Structural abnormalities of the pelvic floor may occur
from various causes, including surgical procedures (e.g.
higher prevalence of enterocoeles after hysterectomy)
and vaginal delivery. Vaginal delivery may result in
damage of the rectovaginal septum leading to rectocoele
with barium trapping.

Patients with a functional evacuation disorder tend to
strain excessively and chronically. This may damage the
pelvic floor and lead to specific structural abnormalities
visible during proctography, namely intussusception,
pelvic floor descent, perineal ballooning, rectocoele and
enterocoele. For this reason, an underlying functional di-
agnosis should always be considered when these are
seen. This is especially relevant whenever prolonged or
incomplete proctographic evacuation is encountered, or
when there is difficulty with initiating or sustaining
evacuation. Such an approach will ensure that patients
are not subjected to unnecessary surgery based on purely
proctographic findings, when these are really secondary
manifestations of an unrecognised function. There is also
growing evidence to suggest that surgical repair is only
beneficial when anismus has been excluded or treated
successfully. The role of proctography is to sort patients
into treatment-defined groups based on the relative per-
ceived contributions of structural and functional abnor-
malities [6], and is of considerable help to physicians in
this scenario [14].

Over the past decade it has become clear that pelvic
floor disorders rarely occur in isolation, with the result
that global pelvic floor investigation is requested in-
creasingly. Dynamic cystoproctography is a response to
this demand and is highly accurate [6]; however, it is rel-
atively time-consuming, invasive and the pelvic floor
muscles are not visualised directly. Dynamic pelvic floor
MR imaging has the advantages that it does not involve
ionising radiation, is quick and requires no special prepa-
ration. Patients are imaged supine at rest and during a
straining/Valsalva manoeuvre using appropriate fast se-
quences (Fig. 5) [15, 16]. Although any plane can be ac-
quired, the sagittal plane provides most relevant clinical
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information, especially when viewed as a cine loop. Be-
cause functional evaluation of rectal evacuation is so im-
portant, some investigators instil rectal contrast and ad-
vocate evacuation within the bore of the magnet, a pro-
cedure that is clearly easier within an open configuration
machine. Dynamic pelvic floor MR imaging with simple
rest/stress views is of most interest to urogynaecologists,
and without evacuation studies the important coloprocto-
logical conditions, such as intussusception, may be
missed.

Anal incontinence

Incontinence can be divided into passive when there is
leakage without awareness, which is often related to in-
ternal sphincter damage, or urge when there is inability
to defer defaecation, which is more likely to be due to
external sphincter damage [17].

In the elderly incontinence is common and neurogenic
in origin. In younger age groups diminished rectal com-
pliance, anal surgery, diarrhoea and neurological diseas-
es maybe specific causes, but the most important single
aetiological factor is childbirth.

Vaginal delivery may result in a pudendal neuropathy
from stretching of the nerves, and damage to the pelvic
floor with tears of the anal sphincter, pelvic floor mus-
cles or fascia. The role of pudendal neuropathy was emp-
hasised by neurophysiological testing using single-elec-
trode EMG testing and measuring the pudendal terminal
motor latencies of the pudendal nerve; however, endo-
anal sonography showed that perineal examination could
not be used to exclude anal sphincter tears [18], and
proved more accurate, as well as much easier, than EMG
mapping.

Occult sphincter tears were found to be common after
vaginal delivery and in a prospective study with 202
consecutive women, 28 of 79 primiparous women (35%)
and 21 of 48 multiparous women (48%) had a sphincter
tear after delivery which was in the majority not detected
at physical examination [19]. More recent work based on
a refined appreciation of the endosonographic anatomy,
and perhaps altered obstetric practice, suggests an inci-
dence of 11% [20]. Most structural damage occurs at the
first delivery, with cumulative pudendal neuropathy at
each subsequent delivery. This increases the risk of frank
incontinence developing in women who have an asymp-
tomatic sphincter tear at the first delivery [21].

Endosonography

Although the sphincter can be imaged transperineally
[22], endosonographic examination with a dedicated unit
is preferred with a 10-MHz mechanically rotated trans-
ducer to give a 360° axial image. Women should be ex-
amined prone [23]. The normal anatomy is complex but
has a basic four-layer pattern with the subepithelial tis-
sues of moderate reflectivity, the internal sphincter of
low reflectivity, the longitudinal muscle layer and exter-
nal sphincter of variable reflectivity (Fig. 6). Interface
reflections are important in distinguishing layers, and fat
planes between the longitudinal muscle and external
sphincter and at the outer border of the external sphincter
help define these layers. The external sphincter shows a
striated pattern typical of voluntary muscle. Muscle bun-
dles are visible in the upper part of the longitudinal lay-
er, and the muscularis submucosae ani may be seen as a
thin low reflective layer in the subepithelial tissues. A
good correlation (r=0.96) for the external thickness be-
tween endosonography and endocoil MRI has been dem-
onstrated [24].

With rectal intussusception or prolapse the internal
sphincter and subepithelium may be abnormally thick-
ened [25]. Complete division of the internal sphincter
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Fig. 5 Sagittal dynamic MRI (T2-weighted TSE) a in rest and b
during straining reveals a cystocoele (C) and descent of the medial
and posterior compartment of the pelvic floor. H head. (Courtesy
of V.P.M. van der Hulst)



during sphincterotomy may lead to incontinence, but in
patients over 50 years of age with passive incontinence
and an internal sphincter thickness of <2 mm, internal
sphincter degeneration may be present (Fig. 7) [26]. In-
ternal sphincter disruption is clearly visible as a break in
the sphincter ring.

Tears of the external sphincter heal with fibrosis,
which is homogeneously of low reflectivity, are subtler
to detect requiring careful assessment of the sonographic

symmetry of the sphincter. Tears are often patchy and
extend into the longitudinal layer. Obstetric trauma al-
ways involves the anterior half of the external sphincter
(Fig. 8). If the internal sphincter is also torn, this usually
involves the same segment as the external sphincter tear.
Isolated internal sphincter tears probably do not occur.
Tears are recorded axially by hours reading from a clock
face, and longitudinally by the level of canal (high, mid
or low).
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Fig. 6 Normal anal endosono-
graphic anatomy

Fig. 7 Internal sphincter degeneration. The internal sphincter
measures only 1.3 mm in a 70-year-old man with passive faecal
incontinence

Fig. 8 Obstetric trauma with tears in both sphincters (10–1 h; ar-
rows)



Three-dimensional endosonography is now available
commercially. The diagnostic value of this has to be de-
termined, but it will probably be helpful in sorting out
obstetric tears of the anterior sphincter tears [20], which
are sometimes difficult to interpret axially. Multiplanar
imaging allows the length of sphincter tears to be mea-
sured accurately (Fig. 9).

Endoanal MRI

Endoanal MRI has a complementary role with endoso-
nography. It has the advantages of multiplanar imaging
and of defining the striated components of the sphincter
with great clarity.

Technique

Several manufacturers have developed endoanal coils of
diameter ranging from 7 to 19 mm. Coil diameter is a
compromise between effective volume (field of view)
and sphincter distension. The endoanal coil is covered
with a condom and a small amount of lubricant (e.g. so-
nography gel) is applied. It is important to minimise mo-
tion artefacts with the small voxel size used during endo-
luminal imaging. An external coil holder may be helpful
but can increase patient discomfort. Perhaps more impor-
tant are clear patient instructions, pads to maintain a
comfortable patient position and smooth muscle relax-
ants (hyoscine butylbromide or glucagon) preferably in-
tramuscularly for prolonged effect, to reduce peristaltic
movement.

The optimal imaging sequence for MRI in anal incon-
tinence has not been established, but the use of T2-
weighted turbo spin-echo seems a simple and accurate

technique. As a minimum, axial and coronal imaging
planes should be imaged, orthogonal or parallel to the
anal sphincter to reduce partial-volume effects. As the
anal sphincter muscles are relatively small structures,
thin slices of 3-mm thickness are used. Phase-encoding
direction should be adjusted to prevent artefacts in the
anterior part of the anal sphincter in anal incontinence.
As in endosonography, tears are recorded axially by
hours reading from a clock face. With endoanal MRI
tears can be recorded longitudinally with centimetres
from the lower edge of the sphincter or, as in endosonog-
raphy, by the level of canal (high, mid or low).

Recent research has evaluated the role of high-resolu-
tion MRI of the anal sphincter using phased-array coils
[27]. This study has demonstrated the potential value of
this technique, but its role in anal incontinence has yet to
be determined.

Interpretation

The mucosa and submucosa/(sub)epithelium are relative-
ly hyperintense on T2-weighted sequences (Figs. 1, 10).
The relatively hypointense muscularis submucosae ani is
seen within the subepithelial layer. The internal sphincter
is a ring-like relatively hyperintense structure separated
from the hypointense external sphincter and puborectalis
by the relatively hyperintense intersphincteric space, in
which hypointense longitudinal muscle bundles are visi-
ble.

Endoanal MRI has been demonstrated to be accurate
in detecting external and internal anal sphincter defects
(Figs. 10, 11, 12). Until now, two comparative studies of
endosonography and endoanal MRI in faecal inconti-
nence have been published. A retrospective study of 22
patients with sphincter defects compared anal endoso-
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Fig. 9 Paired 3D studies show-
ing tear in the right external
sphincter after vaginal delivery
(arrows)



nography and endoanal MRI to surgery, and found MRI
to be the most accurate [28]. External sphincter defects
were detected with sonography and endoanal MRI in, re-
spectively, 16 (73%) and 20 (91%) patients, and internal
sphincter defects in, respectively, 15 (68%) and 17
(77%). A prospective study in 52 consecutive patients
with faecal incontinence suggested that endosonography
and endoanal MRI are comparable for external sphincter
defects and endosonography is superior for internal
sphincter defects [29]. In this study comparison of imag-
ing findings were made to a consensus of gastroenterolo-
gist and surgeon. The differences between the results of

both studies are at least partly related to differences in
patient populations, study design and experience with ei-
ther technique. From a practical point of view, one may
consider both techniques comparable for detecting
sphincter disruption. 

External sphincter atrophy is an important entity that
has been somewhat neglected following the revelations
of occult sphincter tears by endosonography and the dif-
ficulty of diagnosing atrophy other than by EMG studies;
however, the accurate delineation of the external sphinc-
ter at endoanal MRI, especially of its borders and fat
content facilitates the evaluation of atrophy. External

786

Fig. 10 Posterior internal
sphincter defect (thick arrows)
at axial T2-weighted TSE en-
doanal MRI in a 45-year-old
man with soiling. ANT anterior;
LT left

Fig. 11 Large anterior sphinc-
ter defect (arrows) of the inter-
nal and external sphincter in a
33-year-old female patient



sphincter atrophy is characterised by generalised sphinc-
ter thinning and fatty replacement (Fig. 13). Endoanal
MRI has been demonstrated to be accurate in this evalu-
ation, which has been validated both surgically and his-
tologically [28, 30, 31, 32]. In a study with histological
confirmation, endoanal MRI has been demonstrated to
be accurate in determining the presence, as well as the
absence, of external sphincter atrophy (14 of 15, 93%)
[32]. In a comparative study of endosonography and en-
doanal MRI in 20 women with faecal incontinence due
to obstetric trauma, external sphincter atrophy was not
identified at endosonography, when it was present at en-

doanal MRI in eight women [31]. The problem with an
endosonographic diagnosis of atrophy is that, although
the outer border of the external sphincter is visible in
normals, as the fat replacement increases and the muscle
thins with atrophy the outer interface reflection is lost,
and it becomes impossible to determine the outer border
from adjacent ischio-anal fat. A poorly defined external
sphincter and/or a thin internal sphincter have a 74%
positive predictive value for atrophy [33]. External
sphincter atrophy is a negative predictor of the outcome
of sphincter repair [31], and however sphincter disrup-
tion has been diagnosed, MRI is strongly recommended
prior to sphincter repair to exclude significant atrophy.

Conclusion

During the past two decades, imaging has become an in-
tegral part of the investigation of pelvic floor disorders.
Evacuation proctography provides both structural and
functional information for rectal voiding and prolapse.
Dynamic MRI may be a valuable alternative as the pel-
vic floor muscles are visualised, and it is currently under
evaluation. Endoluminal imaging is important in the
management of anal incontinence. Both endosonography
and endoanal MRI can be used for detection of anal
sphincter defects. Endoanal MRI has the advantage of si-
multaneously evaluating external sphincter atrophy,
which is an important predictive factor for the outcome
of sphincter repair. Many aspects of constipation and
prolapse remain incompletely understood and treatment
is partly empirical; however, imaging has a central role
in management to place patients into treatment-defined
groups.
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Fig. 12 Axial T2-weighted tu-
rbo spin echo demonstrates
fragmentation of the external
sphincter in a female patient
with anal incontinence

Fig. 13 External sphincter atrophy at coronal T2-weighted TSE in
a patient with anal incontinence and an anterior external sphincter
defect (compare to Fig. 1)



1. Strohbehn K, Ellis JH, Strohbehn JA,
DeLancey JOL (1996) Magnetic reso-
nance imaging of the levator ani with
anatomic correlation. Obstet Gynecol
87:277–285

2. Hussain SM, Stoker J, Laméris JS
(1995) Anal sphincter complex: endo-
anal MR imaging of normal anatomy.
Radiology 197:671–677

3. Rociu E, Stoker J, Eijkemans MJ,
Laméris JS (2000) Normal anal sphinc-
ter anatomy and age- and sex-related
variations at high-spatial-resolution en-
doanal MR imaging. Radiology
217:395–401

4. Halligan S, Bartram CI (1995) Review:
the radiological investigation of consti-
pation. Clin Radiol 50:429–435

5. Kelvin FM, Maglinte DDT, Hornback
JA, Benson JT (1992) Pelvic prolapse:
assessment with evacuation proctogra-
phy (defecography). Radiology
184:547–551

6. Kelvin FM, Maglinte DDT (1997) Dy-
namic cystoproctography of female
pelvic floor defects and their interrela-
tionships. Am J Roentgenol
169:769–774

7. Shorvon PJ, McHugh S, Diamant NE,
Somers S, Stevenson GW (1989) Def-
ecography in normal volunteers: results
and implications. Gut 30:1737–1749

8. Halligan S, Nicholls RJ, Bartram CI
(1995) Evacuation proctography in pa-
tients with solitary rectal ulcer syn-
drome: anatomic abnormalities and fre-
quency of impaired emptying and pro-
lapse. Am J Roentgenol 164:91–95

9. Halligan S, Nicholls RJ, Bartram CI
(1995) Proctographic changes follow-
ing rectopexy for solitary rectal ulcer
syndrome and preoperative predictive
factors for a successful outcome. Br J
Surg 82:314–317

10. Halligan S, Bartram C, Hall C, 
Wingate J (1996) Enterocele revealed
by simultaneous evacuation proctogra-
phy and peritoneography: Does “defe-
cation block” exist? Am J Roentgenol
167:461–466

11. Preston DM, Lennard-Jones JE (1985)
Anismus in chronic constipation. Dig
Dis Sci 30:413–418

12. Halligan S, Bartram CI, Park HY,
Kamm MA (1995) The proctographic
features of anismus. Radiology
197:679–682

13. Halligan S, Malouf A, Bartram CI,
Marshall MM, Hollings N, Kamm MA
(2001) Predictive value of impaired
proctographic evacuation for diagnosis
of anismus. Am J Roentgenol 
177:633-636

14. Harvey C, Halligan S, Bartram CI,
Hollings N, Shadev A, Kingston K
(1999) Evacuation proctography: a
prospective study of diagnostic and
therapeutic impact. Radiology
211:223–227

15. Healy JC, Halligan S, Reznek RH,
Watson S, Phillips RKS, Armstrong P
(1997) Patterns of prolapse in women
with symptoms of pelvic floor weak-
ness: assessment with MR imaging.
Radiology 203:77–81

16. Kelvin FM, Maglinte DDT, Hale DS,
Benson JT (2000) Female pelvic organ
prolapse: a comparison of triphasic dy-
namic MR imaging and triphasic fluor-
oscopic cystocolpoproctogarphy. Am J
Roentgenol 174:81–88

17. Engel AG, Kamm MA (1995) Rela-
tionship of symptoms in faecal inconti-
nence to specific sphincter abnormali-
ties. Int J Colorectal Dis 10:152–155

18. Frudinger A, Bartam CI, Spencer JAD,
Kamm MA (1997) Perineal examina-
tion as a predictor of underlying exter-
nal sphincter damage. Br J Obstet Gyn-
ecol 104:1009–1013

19. Sultan AH, Kamm MA, Hudson CN,
Thomas JM, Bartram CI (1993) Anal
sphincter disruption during vaginal de-
livery. N Engl J Med 329:1905–1911

20. Williams AB, Bartram CI, Halligan S,
Spencer JA, Nicholls JR, Kmiot WA
(in press) A prospective study of anal
sphincter damage following vaginal
delivery. Br J Obstet

21. Fynes M, Donnelly V, Behan M,
O’Connell PR, O’Herlihy C (1999) Ef-
fect of second vaginal delivery on ano-
rectal physiology and faecal conti-
nence: a prospective study. Lancet
354:983–986

22. Stewart LK, Wilson SR (1999) Trans-
vaginal sonography of the anal sphinc-
ter: reliable, or not? Am J Roentgenol
173:179–185

23. Frudinger A, Bartram CI, Halligan S,
Kamm M (1999) Examination tech-
niques for endosonography of the anal
canal. Abdom Imaging 23:301–303

24. Williams AB, Bartram CI, Halligan S,
Marshall MM, Nicholls JR, Kmiot WA
(in press) Endosonographic anatomy of
the normal anal canal compared to en-
docoil magnetic resonance imaging.
Dig Dis Sci

25. Halligan S, Sultan A, Rottenberg G,
Bartram CI (1995) Endosonography of
the anal sphincters in solitary rectal ul-
cer syndrome. Int J Colorectal Dis
10:79–82

26. Vaizey CJ, Kamm MA, Bartram CI
(1997) Primary degeneration of the in-
ternal anal sphincter as a cause of pas-
sive faecal incontinence. Lancet
349:612–615

27. Beets-Tan RG, Beets GL, van der
Hoop AG et al. (1999) High-resolution
magnetic resonance imaging of the an-
orectal region without an endocoil. Ab-
dom Imaging 24:576–581

28. Rociu E, Stoker J, Eijkemans MJC,
Schouten WR, Laméris JS (1999) Fecal
incontinence: endoanal US versus en-
doanal MR imaging in. Radiology
212:453–458

29. Malouf AJ, Williams AB, Halligan S,
Bartram CI, Dhillon S, Kamm MA
(2000) Prospective assessment of accu-
racy of endoanal MR imaging and en-
dosonography in patients with fecal in-
continence. Am J Roentgenol
175:741–745

30. DeSouza NM, Puni R, Gilderdale DJ 
et al. (1995) Magnetic resonance imag-
ing of the anal sphincter using an inter-
nal coil. Magn Reson Q 11:45–56

31. Briel JW, Stoker J, Rociu E, Laméris
JS, Hop WCJ, Schouten WR (1999)
External anal sphincter atrophy on en-
doanal magnetic resonance imaging ad-
versely affects continence after sphinc-
teroplasty. Br J Surg 86:1322–1327

32. Briel JW, Zimmerman D, Stoker J,
Rociu E, Laméris JS, Mooi WJ, 
Schouten WR (2000) Relationship be-
tween sphincter morphology on endo-
anal MRI and histopathological aspects
of the external sphincter. Int J Colorec-
tal Dis 15:87–90

33. Williams AB, Bartram CI, Modhwadia
D, Nicholls T, Halligan S, Kamm MA
et al. (2001) Endocoil magnetic reso-
nance imaging quantification of exter-
nal sphincter atrophy. Br J Surg
88:853–859

References

788


