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Background: Pelvic floor dysfunction affects the lifestyle of women worldwide; the aim of this study is to evaluate
the role of static MRI and dynamic MR defecography in the diagnosis of the posterior compartment of pelvic floor

This prospective study included 50 female patients. All of them presented with pelvic floor dysfunction. Static and
dynamic MRI were performed for all patients after injection of 120-150 ml of intrarectal gel and voiding 2 h before
examination. Dynamic MRI was performed at rest, squeezing, straining phases, and during defecation.

Results: MR defecography can detect posterior compartment pathology with high sensitivity and specificity. We
found anterior rectocele in 26 patients (52%). Rectocele incidence was analyzed and compared to postoperative
reports, and the receiver operator curve (ROC) was calculated that showed area under the curve (AUC) of 0.998. The
cut-off value of 1.95 cm gives a sensitivity of 96.4% and specificity of 100% during straining. The percentage of
anismus was 26%, rectorectal intussusception 52%, anal prolapse types (rectoanal intussusception 14% and external

Conclusion: MRI is a valuable imaging modality that can be used to diagnose pelvic floor disorders and does not
involve the risk of exposure to ionizing radiation. It can direct the surgical procedure and thus improve the post-
operative results and decrease the rate of recurrence due to missed pathology.

Background

Pelvic floor dysfunction is a common health problem es-
pecially among women that represents a significant
cause of morbidity and reduction in quality of life with
increasing frequency during the last few years. Its
current prevalence worldwide ranges from 18 to 50%.
The pelvic floor is made up of various muscles, liga-
ments, and connective tissues that support the pelvic or-
gans. Damage to any of these structures may lead to
pelvic floor dysfunction that may lead to abnormalities
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of bowel and bladder emptying and storage with or with-
out associated pelvic pain [1].

The common symptoms include constipation, strain-
ing, lower back pain, urinary urgency, frequency and
hesitancy, dyspareunia, and pelvic floor spasm [2]. Con-
ventional defecography is considered the standard in the
diagnosis of pelvic floor disorders specially the posterior
compartment [3].

MR defecography has become a widely accepted im-
aging modality for the evaluation of pelvic floor disor-
ders. With rapid development in MR imaging
technology, MR defecography is now a valuable tool for
the diagnosis of complex pelvic floor disorders and is fa-
vorable in several aspects compared to conventional
proctography. MR defecography allows for the
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Fig. 1 Three-dimensional schematic drawing of the component of
the pelvic floor integrated into a multilayer system from cranial to
caudal consisting of (1) the endopelvic fascia, giving support to the
uterus and upper vaging; (2) the pelvic diaphragm, including the
puborectalis (solid arrow) and iliococcygeus (dashed arrow); and (3)
urogenital diaphragm. AS anal sphincter complex, PB perineal body,
R rectum, SP symphysis pubis, U uterus, UB urinary bladder [5]

visualization of all pelvic floor compartments in static
and dynamic fashion [1].

The pelvic floor acts as a support mechanism to pre-
vent organ prolapse and continence mechanism to ur-
ethral, anal, and vaginal orifices (in female), with real-
time assessment of the evacuation process. The pelvis is
divided into three compartments: anterior, middle, and
posterior compartments—the anterior compartment
contains the urinary bladder and urethra and supporting
system; the middle compartment contains the uterus,
cervix, vagina, and support system; and the posterior
compartment contains the anorectum and support sys-
tem [4]. The female supporting structures consist of a
complex network of the fascia, ligaments (fascial con-
densation), and muscles attached to the pelvic bone (Fig.
1). These structures form three contiguous layers from a
superior to an inferior location as follows:

1. The endopelvic fascia
2. The pelvic diaphragm
3. The urogenital diaphragm

The endopelvic fascia is divided into three levels as follows:

Level I (suspension): The cephalic 2-3 cm of the va-
gina is suspended from above by the long connective tis-
sue fibers of the upper paracolpium [5].

Level II (attachment): In the midportion of the va-
gina, the paracolpium becomes shorter and attaches the
vaginal wall more directly to the arcus tendinous fascia

Levator ani

Fig. 2 Levels of endopelvic fascia [5]

at the lateral pelvic wall. This attachment stretches the
vagina transversely between the bladder and rectum and
has functional significance; the structural layer that sup-
ports the bladder (the pubocervical fascia) is composed
of the anterior vaginal wall and its attachment through
the endopelvic fascia to the pelvic wall [5].

Level III (fusion): Near the introitus, the vagina is
blended laterally to the levator ani and posteriorly to the
perineal body, whereas anteriorly, it fuses with the urethra.
At this level, which corresponds to the region of the va-
gina that extends from the introitus to 2—-3 cm above the
hymenal ring, there is no intervening paracolpium be-
tween the vagina and its adjacent structures, contrary to
the situation at levels I and II [5].

The pelvic diaphragm includes the levator ani muscle
and coccygeus muscle. The levator ani is composed of
the pubococcygeus muscle (medially) and iliococcygeus
muscle (laterally). The medial border of the pubococcy-
geus is subdivided into pubourethralis, pubovaginalis,
puborectalis, and puboanalis, and they are collectively
called pubovisceralis; the urethral portion forms part of
the periurethral muscles, and the vaginal and anorectal
portion inserts into the vaginal wall, perineal body, and
external anal sphincter; the puborectalis portion passes
behind the rectum and fuses with its corresponding part
from the opposite side to form a sling behind the anor-
ectum; and the most posterior part of the pubococcy-
geus attaches to the coccyx (Fig. 2). The pelvic floor
muscles have two essential functions as follows:

1. They provide support to the pelvic viscera.
2. Constrictor and continence function to the urethra,
vagina, and anal canal.
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Fig. 3 Case no. 1: A 32-year-old female presented with incontinence to gases and stool 1 year ago and has a history of four vaginal deliveries went for
T2W MRI—sagittal view—during rest (a), during straining (b, ), and during defecation (d-g). During straining, there was a marked enlargement of
levator hiatus (H line = 11.17 cm), marked pelvic floor relaxation (M line = 7.56 cm) (b), levator plate angle = 52.9 degree (c), moderate bladder base
descent, moderate uterine, vaginal vault prolapse, and anterior Rectocele 3.84 cm with peritoneocele (d, ). During the defecatory phase, there was a
progressive intrarectal and the intraanal prolapsed (yellow arrows in image f) and peritoneocele become more evident (g)
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Urogenital diaphragm (perineal membrane)

The urogenital diaphragm presents over the anterior pel-
vic outlet below the pelvic diaphragm. It closes the le-
vator hiatus, supports and acts as a sphincter-like effect
at the distal vagina, provides support to the distal ur-
ethra, and gives continence.

Aim of the work

To evaluate the role of static MRI and dynamic MR
defecography in the diagnosis of pelvic floor
dysfunction.

Methods
Type of study
This is a prospective case series study.

Duration of the study
The duration of this study is 36 months.

Inclusion criteria

Any patient with rectal outlet obstruction or obstructed
defecation, recurrent pelvic organ prolapse, pelvic pain
and sense of pelvic heaviness, urinary or fecal incontin-
ence, and dyssynergic defecation (anismus).
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Exclusion criteria

Patients with a cochlear implant, or with clips used for
brain aneurysm, or with cardiac defibrillators and pace-
makers, or metal coils placed within blood vessels, or pa-
tients suffered from claustrophobia and nulliparous
women were excluded.

Consent

Every patient signed on informed written consent in-
cluding the examination steps, sharing in the research
protocol and the approval on publishing the results.

Ethical approval
The study received an ethical committee approval from our In-
stitution’s Research Board. The reference number is MD/134.

Technique of MR

The study was conducted on 1.5 Tesla MRI (Philips MR
Ingenia), every patient after signing down informed con-
sent went for colonic preparation, and cleansing enema
was done and asked not to void for 2 h before doing the
study. Then, the study starts by introducing 120-150 ml
of ultrasonographic gel into the rectum by using a 50-ml-
wide nozzle syringe, no oral or IV contrast is needed, and

the left side (white arrows in image )

Fig. 4 Case no. 1: Static MRI T2W axial (a, b) and coronal (c) images show mild bilateral paravaginal level | and Il endopelvic fascial defects more
on the right side and widening of pelvic hiatus (white arrows in image a). Level lll endopelvic fascial defect (dropping mustache sign) with a
defect of urethral ligaments on RT side (white arrows in image b); there was a defect in iliococcygeus muscle attachment on both sides more on
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the patient is instructed about the procedure and how and
when to squeeze, strain, or defecate.

The patient’s position is to lie on a supine position
with a phased array coil placed low around the pelvis.
The patient can bend his knees to facilitate defecation
after wearing a pad to avoid table contamination.
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Imaging protocol

Static images of the pelvis are acquired in three planes using
T2-weighted turbo spin-echo (TSE) sequences (TR/TE
5000/132; FOV 240-260 mm, slice thickness 5 mm, gap 0.7
mm, number of signals acquired 2, flip angle 90°, matrix 512
_ 512, and acquisition time 3.12 min for each sequence).

Fig. 5 Case no. 2: A 30-year-old female presented with obstructed defecation, stress urinary incontinence, and history of four vaginal deliveries
went for T2W MRI—sagittal view—dynamic MRl images. Straining phase shows normal levator hiatus (H line = 5.37 cm), mild pelvic floor
relaxation (M line = 3.07 cm) (a), caudal angulation of levator plate, levator plate angle = 32 degree (b), mild bladder base descent, no significant
vaginal vault descent (c), anterior rectocele 2.73 with paradoxical contraction of puborectalis muscle (green arrow) (d), narrow anorectal angle
(77.3%, inadequate rectal evacuation, and residual intrarectal gel during defecatory phase (e)




Abdelzaher et al. Egyptian Journal of Radiology and Nuclear Medicine

In patients reporting anal incontinence or obstructed
defecation, the following sequences are added for assess-
ment of the anal sphincter complex: T2-weighted BFFE
images of the anal sphincter complex are obtained (9.0/
4.0, FOV 220 mm, section thickness 3 mm, number of sig-
nals acquired 8, flip angle 45°, matrix 512 _ 512, acquisi-
tion time 2.12 min). In this sequence, section orientation
is parallel (in the coronal plane) and perpendicular (in the
axial plane) to the plane of the anal canal.

Acquisition of dynamic MRI sequences
Dynamic sequences are performed in the sagittal, axial,
and coronal planes using a balanced fast-field echo
(BFFE) sequence (TR/TE 850/120 ms, FOV 444 mm,
slice thickness 6—7 mm, gap 0.7 mm).

In each plane, five slices during four phases are ac-
quired; each phase takes 10s, the following four phases
are acquired:

1. With the patient at rest.
During contraction of the pelvic floor (the patient is
instructed to squeeze her buttocks as if trying to
prevent the escape of urine).

3. During a repeated maximum straining sequence to
ensure a maximal Valsalva maneuver (the patient is
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instructed to bear down as much as she can, as
though she is constipated and trying to defecate).

4. During defecation in the sagittal plane (the patient
is asked to evacuate the injected intrarectal gel).

Dynamic magnetic resonance imaging
Diagnostic criteria
Dynamic MRI is best evaluated on midsagittal true fast im-
aging dynamic evacuation sequences and on sagittal, axial,
and coronal images during maximum straining, when the
pelvic organ descent should be greatest. The following are
the criteria measured during maximum straining.

Sagittal plane

1. The pubococcygeus line (PCL) is used as the refer-
ence line. It extends from the inferior border of the symphy-
sis pubis anteriorly to the last coccygeal joint posteriorly.
The descent of pelvic organs is measured along a perpen-
dicular line from the organ to the PCL, and this should be
measured both at rest and during maximum straining.

e DProlapse severity can be easily graded according to
the “rule of three”

e Mild prolapse of an organ below the PCL by 3 cm

e Moderate prolapse of 3—-6 cm

(red dashed arrows in image ¢)

Fig. 6 Case no. 2: Static MRl images. Images show left-sided minimal paravaginal level | and Il endopelvic fascial defect (white arrows in image a),
deformation of urethral ligaments on the left side (yellow arrow in image b), and coronal view shows intact levator ani muscles on both sides
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e Severe prolapse more than 6 cm
e Other measurements in the sagittal plane during
maximum straining include the following:

2. The H-line extends from the inferior aspect of the
pubic symphysis to the anorectal junction. It represents
the most caudal part of the levator ani group (puborec-
talis muscle) and allows the assessment levator hiatus in
AP diameter during straining. A diameter greater than 6
cm is considered abnormal.

3. The M-line is dropped as a perpendicular line from
the PCL to the posterior aspect of the H-line. It repre-
sents the measure of the muscular pelvic floor descent
(pelvic floor relaxation). And the length that exceeds 2
cm is abnormal.

4. The levator plate angle is enclosed between the le-
vator plate and the PCL, normally measured 11.7 + 5.
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The posterior compartment is assessed for anorectal
descent and other pathologies as rectocele, peritoneo-
cele, enterocele, intussusception, prolapse, anorectal
angle, and anismus.

The MRI images were interpreted by 2 separate con-
sultants who worked separately from each other, and
some patients performed a conventional defecography to
be used as a reference in case of image interpretation
conflicts (Figs. 3, 4, 5, 6, 7, and 8).

Results

This prospective study was performed on 50 female pa-
tients between 5/2015 and 6/2018 using MRI defeco-
graphy, and the mean age of the patients was 38.7 years.
Patients had different symptoms such as pelvic pain,
stress UI, obstructed defecation, and or fecal incontin-
ence. The most common symptoms were obstructed

"l
Pubococcyg I‘

ling, -

M line

Hline~- )
10.43 cm W

phase (c)

Fig. 7 Case no. 3: A 41-year-old female presented with fecal incontinence, obstructed defecation, stress urinary incontinence, and history of five
vaginal deliveries went for T2W MRI—sagittal view—dynamic MRI images. Dynamic MRI imaging during straining showed marked levator hiatus
enlargement (H line = 10.43 cm), marked pelvic floor relaxation (M line = 7.86 cm) (a), moderate bladder base descent and urethral hypermotility,
moderate cervical and vaginal vault descent (b), and marked caudal angulation of levator plate, levator plate angle = 66°. Progressive low
intrarectal intussusception (yellow arrows) and open anal canal with inadequate rectal evacuation and residual intrarectal gel during defecatory
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defecation 84%, stress Ul 38%, and fecal incontinence
36%.

The obstetric history of the patients showed a previous
history of three (19 patients) or four (17 patients) previ-
ous vaginal deliveries (34 patients).

Every patient was tested during rest, squeezing, strain-
ing and defecation, H lines, and M lines were measured
in all cases during rest and straining as shown in box
plots below; the H line during rest was (median = 5, IQR
= 1.6) and during straining was (median = 6.95, IQR =
2.4), while the M line during rest was (median = 1.75,
IQR = 1.08) and during straining was (median = 4.5,
IQR = 2.13) (Fig. 9).

MR examination of the posterior compartment was
done during rest and during straining, and the incidence
of rectocele, peritonocele, and enterocele were repre-
sented in Table 1. They were 52%, 34%, and 4% respect-
ively. Anismus 26%, rectorectal intussusception 52%, and
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anal prolapse types (rectoanal intussusception 14% and
external prolapse 8%) were represented.

Rectocele incidence was analyzed and compared to post-
operative reports, and the receiver operator curve (ROC)
was calculated that showed area under the curve (AUC)
0.998. The cut-off value of 1.95cm gives a sensitivity of
96.4% and specificity of 100% during straining (Fig. 10).

Static MRI was used to detect endopelvic fascial defects
(levels 1, II, and III), which were examined at axial T2 im-
ages and also defects in levator ani muscle (iliococcygeus
muscle which was examined at coronal T2 images, pubor-
ectalis muscle which was examined at axial T2 images).

Level I and 1II fascial defects were 72% where 36 patients
had a fascial defect, 34 patients had paravaginal endo-
pelvic fascial defect, and 2 patients had a central fascial de-
fect, while level I1I fascial defect was 30% (15 patients).

Levator ani (iliococcygeus and puborectalis) muscle
states were assessed during the study. As regards

Fig. 8 Case no. 3: Static T2W images. Show left-sided mild paravaginal level | and Il endopelvic fascial defects (white arrow in image a). Level |
endopelvic fascial defect (dropping mustache sign) (yellow arrows), atrophy and defect of the right puborectalis muscle and internal anal
sphincter on the right side (dashed white arrow) (b), and coronal view shows atrophy and waviness of levator ani muscle on both sides (dashed

red arrows in image c).
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Fig. 9 The H line and M line measurements at rest and during straining

iliococcygeus muscle, 19 patients had intact iliococcy-
geus muscle, while 20 patients had iliococcygeus muscle
avulsion or defect, 9 patients had atrophy of the muscle,
and 2 patients had scarring of the muscle.

As regards the state of the puborectalis muscle, 28 pa-
tients (56%) had normal puborectalis muscle, while 22 pa-
tients (44%) had a puborectalis defect, atrophy, or scarring.

Anorectal angles also were measured during straining,
and when compared in patients with anismus, it was
lower than patients without anismus with significant dif-
ference (P = 0.000) and also there was a significant de-
crease of anorectal angle in patients with obstructed
defecation if compared to patients with no obstructed
defecation (P = 0.0049) (Table 2).

Discussion
MRI defecography can overcome certain limitations of
conventional defecography and ultrasonography as all

three compartments can be well visualized without the
need for additional installation of contrast into the an-
terior and middle compartments, and therefore, many
other disorders which can affect the management of the
patients can be identified [6].

Table 1 Posterior compartment disorders

Disorder Frequency/total Percentage
Rectocele 26/50 52
Peritonocele 17/50 34
Enterocele 2/50 4

Anismus 13/50 26
Intussusception 26/50 52
Intraanal prolapse 7/50 14

External prolapse 4/50 8

Mucosal prolapse 2/50 4
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Fig. 10 ROC curve. Twenty-six patients had intussusception, two of them had intussusception at MR and were missed on conventional
defecography; these intussusceptions were mucosal prolapse

Static and dynamic MR defecography can provide ana-
tomic and functional information with a good evaluation
of the pelvic fascia, ligaments, muscles, and the function
of anorectal and pelvic muscles with no risk of exposure
of ionizing radiation and high patient compliance [7].

The current aim in this study is to detect the role of
static and dynamic MRI in patients with pelvic floor dys-
function, and we aim to introduce this test and make it
available for patients at our institution.

Static MRI gave information about endopelvic fascia
which was examined at axial T2WI as follows: 72% of
patients had level I and II endopelvic fascial defects
which were evident by central or paravaginal sagging of
posterior wall of the urinary bladder and 30% of the pa-
tients presented with level III fascial defect detected by
dropping mustache sign and loss of H shape of the va-
gina, and also, state of the muscles was detected as fol-
lows: iliococcygeus muscle was normal in about 39% of
patients, 17% showed atrophy, 40% showed defect, and
4% showed scarring. Puborectalis muscle was evaluated
at axial T2WI, was normal in 56%, and showed a defect
in 44% of the patient. LA avulsion was easily recognized
on MRI and we found that they were associated with a
higher risk of prolapse and this matched with Pizzofer-
rato et al. [8].

Dynamic MRI was done during rest, squeezing,
straining, and defecation; H and M lines were mea-
sured; they were significant increase during straining
in the patients with pelvic floor dysfunction (espe-
cially fecal incontinence); and this was in agreement
with Schawkat et al. [1].

Flusberg et al. [9] observed that the additional anterior,
middle, and posterior compartment descents were seen
during defecation compared to the straining phase; the
authors concluded that looking at the pelvic floor de-
scents only during straining may underestimate the find-
ings as a higher degree of pelvic floor descent and
additional pelvic floor pathologies, and this matches with
our study that as more descent detected at defecation
rectocele, peritoneocele becomes more evident and add-
itional pathology as loss of urine could be detected.

Posterior compartment findings were detected in 52%
of patients with rectocele, 34% with peritoneocele, 4%
with enterocele, 26% with anismus, 52% with rectorectal
intussusception, 14% with rectoanal intussusception, and
8% presented with external prolapse; rectocele incidence
was analyzed and compared to postoperative reports;
and ROC curve was calculated that showed AUC 0.998.
The cut-off value of 1.95 can give sensitivity of 96.4%
and specificity of 100% during straining.

Conventional defecography has been used for years,
the introduction of MR defecography initiated a

Table 2 Effect of anismus and obstructed defecation on
anorectal angle

Anismus No anismus I
Anorectal angle 866 £ 149 1258 £ 212 0.000
mean

Obstructed No obstructed £

defecation defecation
Anorectal angle 1106 £ 25.1 140.1 £ 194 0.0049

mean
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controversy about the advantage of MR defecography
and its cost-effectiveness compared with conventional
techniques, and studies have shown that functional MR
imaging with rectal contrast either have a statistically
similar frequency of the pelvic organ prolapse or is su-
perior to its fluoroscopic center part, especially for pick-
ing up anterior and middle compartment disorders and
rectocele [10]. This matches our study and this was in
agreement with Lalwani et al. [6].

Pilkington et al. [11] showed that rectoceles were ex-
tremely common, and this matches our study where rec-
toceles were the commonest pathology in the posterior
compartment. The current study found that MR defeco-
graphy can diagnose rectocele of the sensitivity of about
96% and specificity of about 100%, and this is in agree-
ment with Lienemann et al. [12] that showed that MR
can diagnose rectocele with sensitivity and specificity of
about 69% and 96% which was higher than barium
defecography.

We found in our study that MRI has high sensitivity in
the detection of peritoneocele and enterocele and can
differentiate between contents with no selective opacifi-
cation while the capability of conventional defecography
is limited with the need for bowel opacification; this is in
agreement with Lalwani et al. [6]. Also, Cappabianca
et al. [13] published that sensitivity and specificity of
MRI in the detection of enterocele were 82% and 100%,
respectively. All previous studies found that MR defeco-
graphy can differ between mucosal versus full-thickness
intussusception, and this matches the current study.

The current study had certain limitations as MR defe-
cography was performed in the supine position. This
may not be fully representative of the defecation process
in the physiologic sitting position. However, most insti-
tutions do not have access to an open configuration MR,
and therefore, the reported results are clinically relevant.

Conclusion

MRI is a valuable imaging modality that can be used to
diagnose pelvic floor disorders and does not involve the
risk of exposure to ionizing radiation. It can assess the
three compartments of the pelvis. It is the image of mo-
dality in multi-compartmental pathologies that can dir-
ect the surgical procedure and thus improve the post-
operative results and decrease the rate of recurrence due
to missed pathology.
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