Abdominal Radiology (2021) 46:1334-1350
https://doi.org/10.1007/500261-019-02228-4

SPECIAL SECTION: PELVIC FLOOR

MR defecography review
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Abstract

Pelvic floor dysfunction is a relatively common but often complex condition, presenting with a variety of clinical symptoms,
especially when it involves multiple compartments. Clinical exam alone is often inadequate and requires a complementary
imaging study. Magnetic resonance defecography (MRD) is an excellent noninvasive diagnostic study with its multiplanar
capability, lack of ionizing radiation and excellent soft tissue resolution. It can identify both anatomic and functional abnor-
malities in the pelvic floor and specifically excels in its ability to simultaneously detect multicompartmental pathology and
help with vital pre-operative assessment. This manuscript reviews the relevant anatomical landmarks, describes the optimal
technique, highlights an approach to the interpretation of MRD, and provides an overview of the various pelvic floor disorders

in the different anatomical compartments.
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Introduction

Pelvic floor dysfunction is a debilitating disorder seen fre-
quently in older women and often presents with a wide range
of symptoms. In the United States, the prevalence of pelvic
floor disorders is approximately 25% and doubles in women
older than 80 years [1, 2]. The annual cost of ambulatory
care in this patient population was about 412 million US
dollars in 2006, and it is expected to grow as the population
ages, increasing by 48% by 2050 [3, 4]. The etiology is mul-
tifactorial including advanced age, multiparity, obesity, con-
nective tissue diseases, pelvic surgery, and disorders result-
ing in increased intra-abdominal pressure [5]. Patients with
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pelvic floor dysfunction present with nonspecific symptoms
of pelvic pain, sense of pressure or bulge, constipation, and
incontinence, and the abnormalities often involve more than
one compartment [6]. Pelvic floor dysfunction may involve
pelvic organ prolapse and/or pelvic floor relaxation. In
patients with prolapse, there is abnormal decent of the pelvic
organs, which include the urinary bladder, uterus, vagina, or
bowel through the hiatus [5]. In pelvic floor relaxation, there
is weakening of the pelvic floor support structures, which
become ineffective. This results in descent of one or more
compartments during rest and/or defecation, irrespective of
organ prolapse [5].

Clinical utility of MRD

Diagnosing pelvic floor dysfunction can be challenging
solely with physical examination, which may underes-
timate or misdiagnose the site of pelvic organ prolapse
in 45-90% of patients and result in incorrect treatment
and recurrence of symptoms in 10-30% of patients after
surgery [7-9]. Maglinte et al. showed that although 95%
of patients in his study had concomitant multicompart-
ment defects, the majority of patients did not present with
similar multicompartment symptoms on clinical exam
[7]1. He attributed this to a variety of reasons with some
of these defects being asymptomatic, to patients being
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«Fig. 1 Normal pelvic support structures. a Sagittal T2-weighted
image demonstrates posterior aspect of puborectalis (long arrow)
seen at the level of anorectal junction (black arrowhead). Levator
plate (short arrow) extends from the coccyx (white arrowhead) to the
anorectal junction. Note normal vertical location of the urethra (white
asterisk) and hyperintense gel distending the rectum (black aster-
isk). b Axial T2-weighted image demonstrates the sling of puborec-
talis (long arrow) attaching to the pubis (short arrow) and wrapping
around the anorectal junction (*). ¢ Axial T2-weighted image supe-
rior to (b) demonstrates pubococcygeus (long arrow) coursing from
the pubis (*) to the levator plate (short arrow). d Axial T2-weighted
image superior to (c¢) demonstrates iliococcygeus fibers (arrows)
extending from the obturator fascia to the coccyx (short arrow)

embarrassed to report some of the symptoms [7]. Addi-
tional studies have demonstrated that radiology studies
performed in a position of gravity, resulted in greater pel-
vic floor relaxation and increased intra-abdominal pres-
sure compared to physical examination [7, 10-12].

Accurate diagnosis of pelvic floor dysfunction requires
a multidisciplinary approach, often necessitating a com-
plimentary imaging study. MRD plays a pivotal role
because of its multiplanar capability, superior soft tissue
contrast resolution, and ability to simultaneously iden-
tify multicompartment pathology [13]. It is excellent
to evaluate for anatomic abnormalities, as it allows for
direct visualization of both the pelvic organs and its sup-
port structures and can be correlated with the functional
abnormalities. MRD has shown to unmask additional
abnormalities compared to physical exam and may change
surgical management in 67% of patients [5, 14-16]. While
abnormalities in the anterior and middle compartment
can be diagnosed by physical exam, posterior compart-
ment pathology such as enteroceles, peritoneoceles, and
rectorectal intussusceptions are not accurately differenti-
ated on physical exam, but can be precisely evaluated by
MRD [17-19]. Additionally, in patients presenting with
defecatory dysfunction, MRD can help differentiate ana-
tomic and mechanical causes of defecatory dysfunction
(rectocele/rectal intussusception) from functional causes
like dyssynergia. For patients with clinically suspected
pelvic organ prolapse, or defecatory dysfunction, the
American College of Radiology Appropriateness Crite-
ria has assigned MR defecography with rectal contrast
a rating of 9, and a rating of 7 in patients with urinary
dysfunction, where scores of 7-9 are regarded as “usually
appropriate” [20, 21].

Magnetic resonance defecography (MRD) is a reliable
test that involves multiple dynamic sequences with excel-
lent soft tissue resolution. It can simultaneously evaluate
both anatomy and function of all pelvic compartments and
their associated muscles and fascia in multiple planes, and
the technique benefits from lack of ionizing radiation [5].
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Anatomy of the pelvic floor

The pelvic floor is divided anatomically into the anterior,
middle, and posterior compartments [22]. The anterior
compartment contains the urinary bladder and urethra, the
middle compartment contains the uterus and vagina, and
the posterior compartment contains the rectum and anal
canal. The pelvic floor is also a 3-dimensional complex
network of support structures composed of fascia, liga-
ments, and muscle to from three interconnected layers,
which help maintain the integrity of the pelvic support [5,
23]. The endopelvic fascia forms the superior most layer,
which is a network of connective tissues comprising of
various ligaments and fascia. It covers the pelvic organs
and levator ani, providing support to the pelvic organs [22,
24]. The middle layer of the pelvic floor is formed by the
pelvic diaphragm, which includes the levator ani and coc-
cygeus muscle, which are well seen on MRI (Fig. 1). The
levator ani is composed of the puborectalis, iliococcygeus,
and pubococcygeus muscle. The levator plate is formed by
the posterior fibers of the pubococcygeus muscle, which
fuse to form a median raphe [5, 25]. The puborectalis is
best seen on the axial T2 weighted images and the ili-
ococcygeus and pubococcygeus are better evaluated on
the coronal T2 plane [5, 25]. The inferior layer of the pel-
vic floor is formed by the urogenital diaphragm (perineal
membrane), and is composed of connective tissues and the
deep transverse muscle, which attaches posteriorly to the
perineal body [5, 25].

The anorectal junction is identified at the angle formed
by the distal rectum and anal canal with the puborectalis
muscle seen posteriorly (Fig. 1). The apex of the anorectal
junction forms the anorectal angle, which changes with
the contraction of the puborectalis muscle, with normal
values ranging from 108° to 127° at rest [5, 13]. The anal
sphincter complex comprises of the internal anal sphincter
(TAS), the longitudinal muscle layer within the fat contain-
ing intersphincteric space and the external anal sphincter
(EAS), which is contiguous with the puborectalis muscle
superiorly [26]. Detailed MRI anatomy of the pelvic floor
will be discussed in this same issue by Flusberg et al.

Technique
MRI scanner configuration

MRI defecography exams are commonly performed on
clinically available systems, which use an enclosed mag-
net with 1.5T or 3.0T field strengths. A recent consen-
sus survey by the Society of Abdominal Radiology’s
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Disease-focused panel (SAR-DFP) for pelvic floor dys-
function found nearly 47% of the respondents had no
preferred magnet strength, while 38% preferred imag-
ing on a 1.5T to a 3T magnet [27]. Balanced sequences
provide a higher signal-to-noise ratio per unit acquisition
time on 3T magnets, but are also more susceptible to off-
resonance effects which result in more banding artifacts
[28]. MRD can be performed in a sitting position within
an open configuration gantry or in a supine position in a
closed magnet system. Several studies comparing patient
positioning have resulted in contradictory findings. While
some studies have shown supine MRD to underestimate
the degree of pelvic organ prolapse in patients with pos-
terior compartment symptoms, compared to sitting MRD
which better simulates the physiology of defecation [15,
29], other studies have shown no significant difference in
the diagnosis of most clinically relevant pelvic floor abnor-
malities and the underestimation on supine MRD may not
impact clinical management [30]. In general, active def-
ecation images with adequate rectal emptying and repeti-
tive valsalva maneuvers are key regardless of the patient
position and help reduce the number of false negatives
[21, 31-34]. However, since upright MRI systems have
limited availability, MR defecography exams are usually
performed in supine position.

Patient instructions

Patient education is key to obtaining diagnostic quality MR
defecography. Detailed instructions about the preparation
and operational steps of the examination (rest and defecog-
raphy phase) should be explained to the patient before begin-
ning of the examination, to improve compliance during the
examination and to improve the chances of successful evacu-
ation of the rectal gel at the time of dynamic imaging.

Patient preparation and positioning

With patient in left lateral position on the scanner table,
ultrasound gel is inserted into the rectum (120 cc) via a flex-
ible tube [35]. Alternatively, potato starch mixed with gado-
linium-based contrast agent has been used for distension by
some researchers [36]. The use of vaginal gel (20-50 cc) is
optional and the decision is often made on a case-by-case
basis following discussion with referring physician [5, 13].
Bladder contrast is not indicated, but patients may need to
empty the bladder prior to the start of the study to allow
for physiologic filling and adequate distention by the time
the dynamic images are obtained. Patients are offered adult
diapers, towels, or enema ring (fluid collection device) to
avoid spillage of rectal and vaginal gel on the scanner table.
Following the preparation, patient is positioned supine with

knees slightly bent with support behind the knees [37-39].
The images are acquired without intravenous or oral contrast.

MR image acquisition

A multichannel torso phased array anterior coil and a multi-
channel table-integrated posterior coil are applied around the
patient once they are lying in supine position. The coils are
centered on the low pelvis, with the patient pelvis positioned
within the central magnet bore.

Static Imaging Static images are necessary for evalua-
tion of the anatomy of pelvic organs and support structures,
with special attention given to the muscles (puborectalis
and iliococcygeus). The anatomic images are also helpful
in determining anal sphincter anatomy, indirect signs of
endopelvic fascial defects, and sequela of any prior surgi-
cal interventions. T2-weighted fast spin-echo (FSE) or fast
recovery FSE sequences in the axial, coronal, and sagittal
plane without fat saturation are usually obtained. High reso-
lution 3D T2-weighted images with isotropic voxel acquisi-
tion (SPACE, Siemens Medical Solutions scanners, VISTA
Phillips scanners, or CUBE on GE Healthcare scanners,
respectively) can also be acquired in a single plane, and then
reconstructed to any necessary projection.

Dynamic Imaging Dynamic imaging usually follows the
resting static images. This involves the use of a sequence that
has the property of fast image update to be able to acquire
images while the patient strains, squeezes and defecates
[5]. During straining, patients are asked to exert pressure
across a closed sphincter, similar to a Valsalva maneuver to
assess the internal and external anal sphincters. The squeez-
ing phase (Kegel maneuver) is helpful to assess the pubo-
rectalis muscle and the defecation phase (expulsion of gel)
helps assess the interplay of all support structures [5, 40]. It
should be noted, however, that in some patient populations,
particularly where language and communication barriers
are prevalent, instructions for Kegel and strain phases may
lead to confusion and inconsistent patient performance. In
such cases, Kegel maneuvers may be omitted. In general, the
MRD protocol should be customized to result in consistently
diagnostic studies. However, multiple (at least two) attempts
at straining and defecation should be routinely acquired
to ensure depiction of maximal degree of pathology. In a
healthy patient, the anorectal angle decreases during squeez-
ing and the anorectal junction rises by 1-2 cm from its rest-
ing state [5, 41]. In contrast, during straining and defecation,
the anorectal angle increases with shortening and opening
of the anal canal, evacuating the rectum.

The optimal location for dynamic evaluation is selected
from a static sagittal series through the pelvis. Large-field-
of-view acquisition in mid-sagittal position is chosen as the
anatomy of urinary bladder, urethra, vagina, rectum, and
anal canal are well demonstrated in this plane. T2-weighted
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sequences such as half-Fourier acquisition turbo spin-echo
(HASTE, Siemens Medical Solutions scanners) or single-
shot fast spin-echo (SSFSE, GE Healthcare scanners) have
similar capability to demonstrate pelvic floor mobility [42].
Dynamic acquisition using balanced steady state free pre-
cision sequences (SSFP) can also be obtained in the mid-
sagittal plane, and cine acquisitions are acquired over a 30 s
interval during the expulsion of gel. The protocol is sum-
marized in Table 1.

The defecation sequence should be repeated at least three
times to ensure adequate expulsion of the gel. If the patient
is unable to evacuate the rectal gel, they are encouraged
to empty the rectum in the bathroom and return for post
evacuation valsalva images to help unmask cul-de-sac her-
nia and other anterior and middle compartment hernias that
may have been masked by rectal distention. Expulsion of
gel during the defecation phase provides the most accurate
information about the severity of prolapse. Employment of
the straining phase is variable across institutions and there
is increasing evidence that defecography phase is more use-
ful to identify and unmask clinical abnormalities [39, 42].
The Society of Abdominal Radiology’s Disease-focused
panel (SAR-DFP) for pelvic floor dysfunction strongly rec-
ommends evaluation of pelvic organ prolapse during the
defecography phase.

Pitfalls in technique

True severity of pelvic organ prolapse is unmasked in the
defecography phase [39]. It is imperative for the patient to
expel out the rectal gel completely. Inadequate effort may
result in failure of emptying of rectum and result in the
under detection of enterocele and rectal intussusception.
Inadequate effort may also result in the nonrelaxation of
anorectal angle which should become progressive obtuse
with defecation; this should be differentiated from pelvic
floor dyssynergia which demonstrates paradoxical narrowing
of the anorectal angle and hypertrophy of the puborectalis
muscle from its persistent contraction [43, 44]. Over disten-
tion of the urinary bladder should also be avoided as it may

Table 1 Dynamic pelvic MRI protocol

obscure additional findings in other compartments and result
in underestimation of pelvic organ prolapse [45].

Interpretation of MR defecography

A standardized approach to image review and use of a struc-
tured report are essential steps in providing accurate and
comprehensive interpretation of MR defecography. The
Society of Abdominal Radiology Pelvic Floor Dysfunction
Disease Focused Panel recommends a structured reporting
template, which can be accessed from its weblink below.
http://www.abdominalradiology.org/resource/resmgr/
education_dfp/PelvicFloor/MRdeftemplate7.2017(P).pdf.

The report can be modified as needed after discussion
and feedback from referring physicians to ensure that all
clinically relevant information is included. Grading sche-
mas can be kept on hand in the reading room or built into
dictation pick lists to allow for quick analysis of acquired
measurements. This can be especially beneficial to ensur-
ing consistent high-quality reports from less experienced
readers and trainees.

Image interpretation begins with assessment of anatomic
coverage on static imaging and defecatory effort on dynamic
sagittal series. The dynamic defecation cine sequence should
be reviewed to select the image with maximal strain. This is
then displayed next to a comparable rest image.

Reference lines and distances are then placed and cal-
culated on both rest and maximal strain images. The pubo-
coccygeal line (PCL) is drawn first from the posterior-infe-
rior pubis to the last visible coccygeal joint (Fig. 2) [5].
An alternative reference line is the midpubic line (MPL),
which extends across the long axis of the pubic symphy-
sis and denotes the level of the vaginal hymen, a landmark
for clinical staging [5, 46, 47]. The H-line and M-line are
then drawn and used to assess for pelvic floor dilatation
and descent, respectively. The H-line is drawn on the mid-
sagittal T2 weighted image, from the inferior margin of the
pubic symphysis to the posterior rectal wall at the anorectal
junction and the M-line is drawn perpendicularly from the

Pulse sequence TR/TE (ms) Section thick- Field of view (mm) Flip angle (°) Matrix (pixels)
ness (mm)

Axial HASTE 1500/85 7 200-240 170 256x210

Coronal HASTE 1500/85 7 200-240 170 256%x216

Sagittal HASTE 1500/84 6 200-240 170 256 x240

Steady state free precession sequence—  3.25/1.63 8 200 70 256 x 140

mid-sagittal (acquired over 30 s)

These parameters are established on a 3T scanner. SSFP cine images should be obtained during Kegel, straining and defecation

TR repetition time, TE echo time
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Fig.2 Reference lines. Sagittal T2-weighted image demonstrates
placement of reference lines. Pubococcygeal line (PCL, solid line)
extends from the inferior pubis to the last coccygeal joint. H-line
(long-dashed line) extends from the inferior pubis to the posterior
rectal wall at the anorectal junction (arrowhead). M-line (short-
dashed line) is perpendicular to the PCL from the posterior aspect of
the H-line

posterior aspect of the H-line to the PCL (Fig. 2). The H-line
measures the anterior—posterior distance of the levator hia-
tus, while the M-line measures the descent of the muscu-
lar pelvic floor and should normally measure <6 cm and
<2 cm respectively [5, 20]. A perpendicular line from the
PCL to the bladder base and another line from the PCL to
the anterior cervical lip or superior vaginal cuff are placed
to estimate the degree of anterior and middle compartment
descent, respectively. Urethral angle relative to the long axis
of the patient is another measure of anterior descent. A line
is also drawn from the most anterior position of the rectal
wall to its expected location to determine presence and grade
of anterior rectocele.

The anorectal angle is measured to evaluate for pelvic
floor dyssynergia. The anorectal junction measured at rest
is <2 cm below the PCL, with normal values ranging from
108° to 127° at rest (Fig. 3) [5, 13]. At maximum squeeze,
the anorectal angle decreases by 15-35% as a result of con-
traction of the puborectalis, moving the anorectal junction
anteriorly and superiorly. During straining and defecation,
the converse occurs secondary to relaxation of the puborec-
talis muscle, which moves anorectal junction posteriorly and
inferiorly, making the anorectal angle obtuse by 15-20%.
Urethral angle is measured between the axis of the urethra
and the patients body axis. Laxity or disruption of the ure-
thral ligaments leads to urethral hypermobility, diagnosed
when there is >30% horizontal angulation of the urethra
away from the normal vertical axis with strain [48, 49].

After these measurements are obtained, dynamic
images are reviewed again for presence of any cul-de-sac

Fig.3 Anorectal angle. The apex of the anorectal junction (black
arrowhead) is the anorectal angle with normal values ranging from
108° to 127° at rest. Note the puborectalis muscle (long arrow) pos-
teriorly

abnormality. The rectum is evaluated for intussusception,
often most apparent near the completion of evacuation.
Static images must also be examined to evaluate the pelvic
ligaments, anal sphincter complex, and additional included
pelvic structures. Puborectalis is often thinned in patients
with stress and mixed urinary incontinence, and is thickened
in patents with dyssynergia [50, 51]. Any areas of asymme-
try should raise concern for structural defects in the support
system. Although no validated normal references values for
puborectalis thickness are available, an anecdotal rule of
thumb is that the puborectalis is thickened when it is greater
than three times the thickness of the pubococcygeus, a find-
ing that supports diagnosis of pelvic floor dyssynergia.

Pelvic floor dysfunction

Pelvic floor dysfunction may involve pelvic organ prolapse
and/or pelvic floor relaxation. In pelvic floor relaxation,
there is weakening of the pelvic floor support structures,
which become ineffective. This results in descent of one or
more compartments during rest and/or defecation, irrespec-
tive of organ prolapse [5]. During pelvic floor relaxation,
there is descent of the pelvic floor and widening of the leva-
tor hiatus, which are assessed by the H and M lines [20]. The
grading system is summarized in Table 2.

In patients with prolapse, there is abnormal decent of the
pelvic organs, which include the urinary bladder, uterus,
vagina, or bowel through the hiatus [5]. Pelvic organ pro-
lapse is measured by using the PCL or MPL as a reference.
The PCL is more frequently used due to its simplicity and
higher inter-observer variability, but does not offer a clear

@ Springer



1340

Abdominal Radiology (2021) 46:1334-1350

Table 2 Grading of pelvic floor relaxation using H and M lines [5,
20]

Grade H-line M-line
Hiatal enlargement Pelvic floor descent
Normal <6cm <2cm
Mild 6-8 cm 24 cm
Moderate 8-10 cm 4-6 cm
Severe >10cm >6cm

H-line and M-line measurements are performed on a mid-sagittal bal-
anced gradient echo sequence at maximal strain during defecation

Table 3 Grading of pelvic organ prolapse using PCL as Ref. [5, 20,
23]

Grade Distance from the PCL*
Mild 1-3 cm below the PCL
Moderate 3-6 cm below the PCL
Severe >6 cm below the PCL

*Distance is measured from the PCL to the inferior bladder base (cys-
tocele), anterior cervical lip (uterine prolapse) and superior vaginal
cuff (vaginal prolapse)

Table 4 Grading of pelvic organ prolapse using MPL as Ref. [5, 20,
23]

Stage Distance from the MPL*
0 >3 cm above the MPL
> 1-3 cm above the MPL
2 Within 1 cm above or
below the MPL
3 >1 cm below the MPL.
4 Complete organ eversion

*Distance is measured from the MPL to the inferior bladder base
(cystocele), anterior cervical lip (uterine prolapse) and superior vagi-
nal cuft (vaginal prolapse)

advantage over the MPL [46, 52, 53]. When the PCL is used
as reference, it is graded by the “rule of three”, described
in Table 3 [5, 20, 23]. When the MPL is used as reference,
there are 5 stages as described in Table 4 [5, 20, 23].

Anterior compartment pathology: cystocele
and urethral hypermobility

The structures supporting the urethra and bladder include the
urethral ligaments (pubo-, peri-, para-, and sub-urethral liga-
ments) and paravaginal fascia (Fig. 4). At rest, normal orien-
tation and position of the urethra are vertical and retropubic,
respectively [54, 55]. Laxity or disruption of the urethral
ligaments leads to urethral hypermobility, defined as exces-
sive posterior rotation of the urethral axis with strain. This
is best seen on sagittal MRI sequences where the urethra has

@ Springer

Fig.4 Urethral ligaments. Axial T2-weighted image demonstrates
pubourethral ligaments (long arrows) coursing from the pubis to the
anterior urethra. Periurethral ligaments (arrowheads) course from the
urethral origin of the pubourethral ligaments to the medial aspects of
the puborectalis muscle (*). Paraurethral ligaments (arrowheads) con-
nect the lateral wall of the urethra to the periurethral ligaments

a posterior oblique orientation at rest and rotational descent
with strain. Urethral hypermobility is frequently associated
with descent of the urethra below the pubis symphysis and
descent of the bladder below the pubococcygeal line (PCL),
which represents the level of the pelvic floor (Fig. 5) [5].
Summers et al. showed that 2/3rd of urethral displacement
are related to bladder displacement [56]. Diagnosing urethral
hypermobility has surgical implications as they are often
repaired with a sling procedure [57].

A cystocele results from suboptimal anterior abdominal
wall bladder support and/or from defects of the pubocervical
fascia, and is identified on physical examination as abnormal
bladder descent with bulging of the anterior vaginal wall,
with or without anterior vaginal wall prolapse. On MRI, the
normal position of the bladder base is above the PCL at rest,
and at or just below the PCL with strain. If there is abnor-
mal descent, the bladder moves in an arc-like, posterior and
inferior trajectory, descending well below the PCL, causing
mass effect on the anterior wall of the vagina (Fig. 5).

Middle compartment pathology: uterine
and vaginal prolapse

The structures supporting the uterus and vagina include the
pubocervical fascia, cardinal, and uterosacral ligaments.
At rest, the normal position of the uterus is well above
the PCL, the lower vagina orientation is vertical, and the
upper vagina orientation (above the levator plate) is poste-
rior oblique (Fig. 6). Abnormal descent of the uterus and
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Fig.5 Urethral hypermotility and cystocele. Sagittal balanced gradi-
ent echo image at rest (a) demonstrates minimal posterior angulation
of the urethra (dashed line) of approximately 26° to the axis of pubis.
On the sagittal balanced gradient echo image with defecation (b),
the urethra axis rotates posteriorly (to 133°), and descends below the

Fig.6 Uterine prolapse. Sagittal T2 balanced gradient echo at rest
(a) and with defecation (b) demonstrate descent of the anterior cervi-
cal lip (short arrow) with maximal stress (dashed line, b) to approx-

vagina indicates loss of normal supporting structures, allow-
ing the uterus to descend between the pubovesical fascia
anteriorly and rectovaginal fascia posteriorly. On MRI, it
is abnormal to see any part of the uterus or vaginal apex
below the PCL (Fig. 6). The vagina may appear shortened
and the lower vagina displaced inferiorly and anteriorly. Due
to the shared fascial supports, uterine prolapse is associated

pubis symphysis, consistent with urethral hypermobility. This is asso-
ciated with posterior and inferior descent of the bladder (black curve),
2.6 cm below the level of the pubococcygeal line (solid white line),
consistent with mild cystocele. Note gel distending the rectum (*)

imately 4 cm below the pubococcygeal line (white line), consistent
with moderate uterine prolapse. Note concomitant moderate cystocele
(*) and severe descent of the anorectal junction (long arrow)

with cystocele and anterior vaginal wall eversion (Fig. 6) [7].
After hysterectomy, vaginal prolapse is commonly associ-
ated with multicompartmental defects including cystocele,
enterocele, or rectocele [7].

The severity of bladder and uterine prolapse can be
graded using the PCL or MPL as reference and is summa-
rized in Tables 3, 4 [5, 20, 23].
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Posterior compartment pathology: rectocele, rectal
intussusception, atrophic external anal sphincter,
and pelvic dyssynergia

MRD, performed either with a closed or open configura-
tion, is considered an accurate imaging technique to assess
the posterior compartment for pelvic floor dysfunction.
In contrast to fluoroscopic colpocystodefecography, MR
defecography does not require exposure of the patient to
ionizing radiation, and allows excellent anatomic depiction
of surrounding soft tissue structures [6]. The posterior com-
partment consists of the rectum and anus, as well as the ano-
rectal junction (defined as the point where the distal rectum
joins the proximal anal canal). Adequate evaluation of the
posterior compartment requires assessment during defeca-
tion and imaging during strain alone is inadequate [34].

Rectocele

A rectocele is an outpouching of the rectal wall during def-
ecation secondary to weakening of the support structures
of the pelvic floor, particularly of the rectovaginal fascia
[5]. Rectoceles can be located anteriorly or posteriorly to
the rectum. Anterior rectoceles are much more common,
seen on clinical examination as a bulge impressing upon
the posterior vaginal wall. Clinical examination is not very
sensitive in detection of anterior rectocele, with a sensitiv-
ity of between 30 and 80% [24, 58]. On physical exam, it
is often difficult to distinguish an anterior rectocele from a
cul-de-sac hernia and at times an enterocele. A cul-de-sac

hernia, also known as peritoneocele, is defined as a hernia-
tion of peritoneal folds into the rectovaginal septum, below
the cul-de-sac, passing the proximal one-third of the vagina
(Fig. 7) [59]. These hernias are the most difficult to diagnose
with physical exam alone. When a cul-de-sac hernia contains
small bowel loops, it is named enterocele (Fig. 8). When
it contains sigmoid colon, it is named sigmoidocele [59].
Patients with prior history of hysterectomy or urethropexy
are at increased risk for cul-de-sac hernia due to damage of
the rectovaginal fascia [59].

Patients with rectocele can experience vaginal symp-
toms (bulging or dyspareunia) or rectal abnormalities (sen-
sation of incomplete evacuation, constipation, and defeca-
tory dysfunction) [20]. To diagnose anterior rectocele on
MRI, protrusion of the rectal wall should be measured
in the anterior—posterior dimension with respect to its
expected location, which can be approximated by the loca-
tion of the anterior aspect of the anal canal (Fig. 9) [6].
A bulge of <2 cm can be seen in asymptomatic patients
and is considered mild, 2—-4 cm is considered moderate,
and >4 cm considered large anterior rectocele [60, 61].
Posterior rectoceles are rare and are seen when there is
damage of the levator plate [62]. Lateral rectoceles also
occur when there is compromise of the rectovaginal fascia,
which are diagnosed when there is a lateral defect in the
rectovaginal septum from the iliococcygeus fascia [63].
In addition to lateral defects, defects may occur midline
or through high transverse fascial defects. A rectocele
can develop at or below the levator plate, along the verti-
cal vagina. Trauma from vaginal childbirth can lead to

Fig. 7 Peritonocele. Sagittal balanced gradient echo image at rest
(a) and end defecation (b) shows descent of the mesenteric fat (long
arrow) inferiorly in relation to the pubococcygeal line (straight line),
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extending into the rectovaginal space. Note a concomitant moderate
cystocele (*), moderate uterine prolapse (arrowhead), and moderate
descent of the anorectal junction (short arrow)
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Fig.8 Enterocele. Sagittal balanced gradient echo images at rest (a)
and end defecation (b) demonstrate descent of the small bowel (long
arrow) inferiorly in relation to the pubococcygeal line (straight line).

perineal lacerations, and weakening of the bulbocavernous
and transverse perineal muscles, which can create addi-
tional sites of potential rectocele development [64]. The
pelvic peritoneal sac can herniate into the rectovaginal
space and may contain mesenteric fat (peritoneocele),
small bowel (enterocele), or sigmoid colon (sigmoidocele)
(Figs. 7, 8) [5].

Fig.9 Anterior rectocele. Sagittal balanced gradient echo image
demonstrates anterior bulge of the rectal wall >2 cm, measured from
a line drawn from the level anterior aspect of the anal canal (dotted
line)

Decompressed rectum (short arrow) at end defecation allows for most
accurate depiction of the enterocele. Note a concomitant moderate
cystocele (¥)

Rectal intussusception

Rectal intussusception and prolapse occur with chronic
straining and damage to the surrounding fascia. Rectal
intussusception is defined as invagination of the rectal wall,
and can be defined as intrarectal (confined to the rectum),
intra-anal (extending to the anal canal) or extra-anal (passing
beyond the anal orifice) [6, 65]. Extra-anal intussusception
is also known as rectal prolapse. Rectal intussusceptions
may only contain mucosa (mucosal—also known as par-
tial thickness intussusception) or contain all layers of the
rectum (Fig. 10) [66]. They may involve only the anterior
wall of the rectum or more commonly be circumferential in
nature. Pudendal neuropathy secondary to chronic strain-
ing in the setting of rectal prolapse may result in external
anal sphincter atrophy and fecal incontinence [20]. Although
MRD is less sensitive for evaluation of rectal intussuscep-
tion compared to fluoroscopic defecography, with a reported
relative sensitivity of 70%, MRD can differentiate mucosal
from full-thickness intussusception, a differentiation that
may alter management [65]. Management differs depend-
ing on whether the intussusception is partial or full thick-
ness. For example, partial thickness intussusception may
be treated non-surgically or by transanal resection of pro-
lapsed mucosa; whereas, full-thickness intussusception
often requires rectopexy [24, 67]. While mucosal intus-
susceptions are seen as thin dark curvilinear structures that
bunch along the rectal wall during defecation, full-thickness
intussusceptions appear as invagination of the entire rectal
wall upon itself. The clinical relevance of missed findings at
MR defecography has been reported as of little importance.
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Fig. 10 Rectal intussusception. a Sagittal balanced gradient echo
image during the defecation phase demonstrates a mucosal rectal
intussusception. Note thin invaginated flaps of the rectal mucosa
(short arrows) without an associated deformity of the outer rectal wall
(long arrow). Anteriorly, the mucosal intussusception extends into
proximal anal canal (arrowhead). Note a concomitant large peritone-
ocele (*). b Sagittal balanced gradient echo image during the defeca-

The presence of low-grade intussusception is high, even in
the asymptomatic population. The difference between these
modalities is also likely related to the difficulty in standard-
izing procedures, and to the fact that the mobility of the rec-
tum and degree of straining during defecation are likely to
affect the formation and degree of any intussusception [13].

In describing rectal intussusception, it is important to
use a grading system, as this helps the colorectal surgeons
in planning the surgical repair. Many institutions refer to
the Oxford radiologic grading system of rectal intussuscep-
tion. This grades the rectal intussusception according to the
lowest extent reached by the apex of the intussusceptum, in
relation to the associated rectocele and anal canal. Grade 1
is the high rectal intussusception, which descends no lower
than the proximal limit of the rectocele. Grade 2 is the low
rectal intussusception, which descends into the level of the
rectocele, but not onto the sphincter/anal canal. Grade 3
is the high anal intussusception, which descends into the
sphincter/anal canal. Grade 4 is the low anal intussuscep-
tion, which descends into the sphincter/anal canal. Grade 5
is the external or overt rectal prolapse, with protrusion from
the anus [68].

Atrophic external anal sphincter

Defecation involves a series of events that are under both
involuntary and voluntary control, requiring adequate
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tion phase demonstrates a full-thickness rectal intussusception. Note
that the invaginated flaps are thick (short arrows) as they involve the
full thickness of the wall, with associated deformity of the outer wall
(long arrows). The intussusception remains intrarectal. Note a con-
comitant cystocele (black asterisk) and uterine prolapse (white aster-
isk)

sensory perception and coordinated anorectal movement of
stool [69]. The diagnostic criteria for fecal incontinence are
delineated in the Rome IV criteria for functional anorectal
disorders and include the recurrent uncontrolled passage
of fecal contents in individuals with a developmental age
>4 years and a duration of symptoms >3 months [70]. This
condition is reported to affect up to 9% of the population,
and has a greater predilection for middle-aged women and
residents of nursing homes [9, 71]. Other risk factors for
fecal incontinence include older age, diarrhea, vaginal birth,
multiparity, and urinary incontinence [69]. The etiology of
fecal incontinence is generally multifactorial; however, dam-
age to the pelvic floor structures that maintain continence is
a major underlying etiology [20, 72].

MR defecography can provide valuable information in
patients with fecal incontinence, particularly for assess-
ment of rectal descent, the presence of rectoceles, and
the integrity of the internal and external anal sphincter
(EAS) complex [14, 21]. MR imaging findings in patients
with fecal incontinence can include atrophy, thinning, and
defects of the EAS (Fig. 11) [20, 40, 73]. EAS atrophy
is graded as mild when there is <50% thinning or fatty
replacement and severe when there is > 50% thinning or
fatty replacement [73, 74]. Adequate evaluation of EAS
atrophy is vital, as it is associated with poor surgical out-
comes following anal sphincter repair [75]. In a retro-
spective study of 50 patients with fecal incontinence, MR
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Fig. 11 Fecal Incontinence. Axial-oblique through the axis of the
anal canal high resolution T2-weighted image. a Shows atrophied
internal anal (long arrow) and external anal sphincter (short arrow).
Coronal-oblique through the axis of anal canal T2 weighted image. b

defecography revealed descent of the rectum > 6 cm rela-
tive to the PCL in 94%, anterior rectoceles in 34%, and
rectal prolapse in 20% of patients [14]. In this same study,
results of MR defecography led to changes in the surgical
approach in 67% of patients who ultimately underwent
surgery, underscoring the potential value of this test for
assessment of fecal incontinence [14]. Patients with ano-
rectal disorder often have a patulous anal canal, which
maybe a marker of injury to the anal sphincter, damage
to anal cushions, or anal denervation [76].

10.00mem/div

Shows a foreshortened canal (short thick arrow), measuring approxi-
mately 1 cm. Sagittal T2 weighted image. ¢ Demonstrates a patulous
canal (arrow)

Pelvic dyssynergia

Pelvic floor dyssynergia, also termed spastic pelvic floor
or anismus, is the failure or inability to coordinate the
abdominal and pelvic floor muscles involved in defecation
and results in functional outlet obstruction [70]. The diag-
nostic criteria for dyssynergic defecation are delineated in
the Rome IV criteria for functional anorectal disorders and
include inappropriate contraction of the pelvic floor (typi-
cally measured with anal surface EMG or manometry) with
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adequate propulsive forces during attempted defecation. Cri-
teria must be fulfilled for the last 3 months with symptom
onset at least 6 months before diagnosis [70]. Presenting
manifestations may include constipation, prolonged and
incomplete defecation, and delay between opening of the
anal canal and initiation of defecation [6].

MR defecography can be highly useful for patients who
have equivocal clinical testing for dyssynergic defecation;
in order to identify structural lesions, visualize paradoxical

contraction of puborectalis and disordered defecation, and to
assess superimposed pelvic floor relaxation. The persistent
contraction of the puborectalis results in muscle hypertrophy
and a prominent impression on the anorectal junction, with a
paradoxical narrowing in the anorectal angle (ARA) during
defecation (Figs. 12, 13) [43]. Dynamic MRI can demon-
strate prolonged and incomplete evacuation and increase of
the time interval between opening of the anal canal and def-
ecation [5]. Prolonged and incomplete evacuation is defined

Fig. 12 Pelvic floor dyssynergia. Sagittal balanced gradient echo
images at rest (a) and with defecation (b) demonstrates paradoxi-
cal narrowing of the anorectal angle during defecation. Notice con-

traction of the puborectalis (b, arrow) with straining. Passage of gel
through the anal canal and descent of the anorectal junction confirm
adequate straining effort

Fig. 13 Pelvic floor dyssynergia. Axial high resolution T2-weighted images through the level of pubococcygeus (a) and puborectalis (b) demon-
strate diffuse thickening of puborectalis (b, arrow), greater than three times the thickness of pubococcygeus (a, arrow)
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Fig. 14 Pelvic floor dyssynergia. Sagittal balanced gradient echo
images at rest (a) and with defecation (b) in a different patient with-
out dyssynergia demonstrates expected widening of the anorectal

as the inability to expel rectal gel within the whole exami-
nation or two-thirds of the rectal gel within 60 s. The 60-s
cut-off value for a normal evacuation time at MR defecog-
raphy is taken from published data in the literature where
conventional defecography was performed in patients with
dyssynergic defecation [44].

Additional MR findings can include anterior rectocele
and lack of normal pelvic descent [20]. A prior study of
48 patients with suspected dyssynergic defecation demon-
strated high sensitivity for the finding of impaired evacu-
ation (100%) and paradoxical contraction of the sphincter
(83%) [44]. The finding of abnormal change in the ARA
alone yielded lower sensitivity (50%) with high specificity
(97%) for the detection of dyssynergic defecation; although,
detection rates improved to 94% when changes in ARA were
combined with paradoxical sphincter contraction [13]. Treat-
ment of dyssynergic defecation includes multi-component,
comprehensive biofeedback therapy, including patient edu-
cation, enhancing the push effort, training to relax the pel-
vic floor muscles and practicing simulated defecation [70,
77]. Abnormal change of the ARA, (the angle between the
central axis of the anal canal and the posterior wall of the
distal part of the rectum) is defined as a decrease in the
ARA between rest and straining, and was found more often
in patients with pelvic dyssynergy than in control patients.
Normally, the ARA increases between rest and straining
given the normal pelvic floor descent at straining (Fig. 14).
Paradoxical contraction of the anal sphincter during evacu-
ation is diagnosed when there is a marked impression of
the puborectalis muscle or anal sphincter in the posterior

angle with defecation (b). With defecation, puborectalis (long arrow)
relaxes and moves inferiorly and posteriorly with respect to pubis (*,
b)

anorectal wall and a poorly relaxing puborectalis muscle
or anal sphincter, which does not cause normal pelvic floor
descent during straining and defecation [44].

Conclusion

Pelvic floor dysfunction is a common and often complex
disorder presenting with a wide range of nonspecific clini-
cal symptoms. This poses a significant diagnostic challenge
to clinicians often remaining under diagnosed and affecting
the quality of life in a number of patients. MRD is a com-
prehensive imaging test that can provide detailed anatomy of
the pelvic floor, use its dynamic capability to help diagnose
multicompartmental pathology and assist with the appropri-
ate surgical approach, playing an integral part in both the
diagnosis and management of pelvic floor dysfunction [13,
14, 78].
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