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Functional disorders of the pel-
vic floor such as pelvic organ 
prolapse and defecation dys-

function are increasingly being rec-
ognized as common health problems 
primarily affecting older, multiparous 
women. About 15% of women are af-
fected by some pelvic floor disorder.1 
Patients present with various symp-
toms, such as constipation, fecal or 
urinary incontinence, a feeling of in-
complete emptying, pelvic pain or gross 
organ protrusion.1,2 Obstructed defeca-
tion syndrome (ODS) is a pathological 
condition characterized by impaired 
defecation upon the urge to defecate.1,3 

The aim of this review is to familiar-
ize radiologists with the anatomic com-
plexity of the pelvic floor, as well as the 
pathological features of and the advan-
tageous role of MRI assessment in pel-
vic floor dysfunction.

 The female pelvis is anatomically 
divided into three functional compart-
ments: the anterior (urinary bladder and 
urethra), the middle (vagina, cervix and 
uterus) and the posterior (anorectum). 
All three act as one unit (Figure 1).4

Traditionally, urinary incontinence 
has been evaluated by urologists, re-
productive tract problems by gyne-
cologists, and anorectal problems by 
colorectal surgeons and gastroenterolo-

gists.5,6 The basic diagnostic approach 
for surgeons and clinicians is clinical 
examination, performed with the patient 
performing the Valsalva maneuver in 
the lithotomy position.7, 8 

The clinical examination, however,  
is not reliable for assessing evacua-
tion abnormalities and frequently un-
derestimates the number of affected 
compartments compared to dynamic 
cystocolpoproctography (DCP) and 
dynamic MRI of the pelvic floor.9,10 
During defecation, maximal levator ani 
relaxation provides the highest stress to 
the pelvic floor, which is needed to di-
agnose defecation disorders and pelvic 
organ prolapse.4

MR imaging of the pelvic floor was 
first introduced in 1991 by Yang et al 
and Kruyt et al. MRI has since gained 
widespread popularity, as it can nonin-
vasively visualize organs in the pelvis 
and the supportive pelvic structures in 
greater detail than can DCP. It enables 
the concomitant assessment of all three 
compartments.11 Indeed, MRI should be 
used routinely in preoperative planning 
for pelvic floor surgery. 

MRI Technique: Patient preparation 
and protocol 

Considerable variations in patient 
preparation and MR imaging sequences 
have been published. Such differences 
relate to available equipment and per-
sonal preferences.1, 2, 11-16  Images pre-
sented in this review were performed 
on a 1.5T closed MRI system. Dynamic 
MR imaging consists of imaging pa-
tients at rest, during squeezing, straining 

and defecation. Rectal filling is highly 
preferable, as it produces the feeling of a 
full rectum and permits evaluation of the 
defecation phase. The patient’s position 
is supine and a torso phased-array coil 
is placed around the lower pelvis. MR 
study protocol starts with obtaining scout 
images. We use T1-weighted images 
(T1WI) localizer sequences to identify 
the midsagittal section. The examina-
tion proceeds with by obtaining T1WI 
and T2WI resting anatomic images of 
the pelvis in which muscle tears and thin-
ning can be visualized. 

For dynamic MRI of the pelvic floor, 
use steady-state imaging sequences.7 
High temporal resolution and excellent 
contrast make it well suited for evalu-
ation of organ movement. The patient 
is asked to defecate while on the MR 
scanner table and then asked to go to the 
toilet to completely empty the urinary 
bladder, rectum or rectocele. Post-defe-
cation dynamic sequences are repeated 
at maximum straining to analyze if any 
fecal content or ultrasound gel remains 
in a rectocele and to evaluate the pres-
ence of enterocele, peritoneocele, or 
sigmoidocele. The protocol can be com-
pleted in 20 minutes.

Anatomy of the pelvic floor
The endopelvic fascia is a layer of  

connective tissue that provides important 
anterior and lateral passive support to 
the vagina, urinary bladder and urethra. 
The fascia around the vagina and uterus 
forms a sacrouterine or cardinal ligament 
that suspends and supports the vaginal v 
ault and pulls it towards the rectum.1,2,17 
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The pelvic diaphragm consists of the 
levator ani muscle, which has three im-
portant components: the ileococcygeus, 
pubococcygeus and puborectalis mus-
cles. The pubococcygeus muscle fuses 
posteriorly to form a midline raphe, 
called the levator plate. The puborectalis 
muscle originates from the pubic sym-
physis and forms a sling around rectum 
at the anorectal junction. It aligns with 
the external anal sphincter.1,2

The urogenital diaphragm is com-
posed of connective tissue and the deep 
transverse perineal muscles. The peri-
neal body is the important anchoring 
structure for the muscles and ligaments 
of the urogenital diaphragm: rectovagi-
nal fascia, (condensation of the endo-
pelvic fascia), external anal sphincter 
and superficial and deep transverse 
muscles (Figure 2).1,2

Interpretation of MR images
Several classification systems exist 

for evaluating dynamic MRI of the 
pelvic floor. Most radiologists use the 
pubococcygeal line (PCL) as represent-
ing the level of the pelvic floor and as a 
reference for grading pelvic organ pro-
lapse. In normal anatomy, the PCL line 
is parallel to the levator plate. The PCL 
is based on the bony pelvis structures, 
which serve as attachment points for 

FIGURE 1. Midsagittal plane of the female 
pelvis showing three functional compart-
ments. The anterior compartment (delin-
eated in violet) containing the bladder and 
urethra, the middle (green) containing the 
uterus, cervix and vagina, posterior (orange) 
containing the anus, anal canal and sig-
moid. Any pathology in the peritoneal com-
partment (white) should also be reported. 

FIGURE 2. Normal male (A,B) and female 
(C) pelvic anatomy. T2-weighted turbo spin 
echo image in midsagittal (A, C) and axial 
(B) plane showing urinary bladder, vagina, 
uterus, and rectum. Urethra (U) is located 
anteriorly and has a bull’s-eye configuration 
on axial T2W images, with central hyperin-
tense mucosa. Vagina is located in the mid-
dle of the pelvis, between the urethra and 
the rectum (R). Rectum lies posteriorly and 
cranially to the transverse perineal muscles. 
Perineal body (star) in women lies within 
the anovaginal septum; in men, is located 
posteriorly to the spongious and cavernous 
bodies. Urogenital septum (rhombus) and 
levator plate (arrow) are also indicated. On 
axial images, puborectal muscles (arrow-
heads) are shown forming a sling around 
the rectum (R).

Table 1. Grading of the pelvic organ prolapse
	 Grade	 Organ location (cm) relative to PCL 
	 0 (none)	 Above 
	 1 (minimal)	 1-3 
	 2 (moderate)	 3-6 
	 3 (severe)	  ≥6

A

C

B

FIGURE 3. Sagittal B-TFE 
image obtained at rest 
showed normal findings. 
PCL is drawn from the 
inferior border of the pubic 
symphysis to the last coc-
cygeal joint. The M line is 
drawn perpendicular from 
the PCL to the posterior 
wall of the rectum at the 
level of anorectal junction. 
The H line is drawn from 
the inferior pubic symphy-
sis to the lowest aspect of 
the M line.
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the soft-tissue structures of the pelvis. It 
is drawn from the inferior border of the 
pubic symphysis to the last coccygeal 
joint. On static images the position of the 
urinary bladder neck, cervix, and anorec-
tal junction are detected and are used as 
the landmarks for measuring the organ 
descent. The distance (vertical lines) 
from the PCL to the landmarks should 
be measured on images obtained dur-
ing maximal straining. The distance is 
graded by the rule of 3 (Table 1).15

In the HMO system (H-line, M-line 
and Organ prolapse), according to Comi-
tter et al, two additional lines can be mea-
sured (Figure 3). The H-line is drawn 

from the inferior pubic symphysis to the 
posterior wall of the rectum at the level 
of anorectal junction, and it represents 
the anteroposterior hiatal dimension, al-
lowing the grading of the maximal wid-
ening of the pelvis sling during straining. 
M-line (muscular pelvic floor relaxation) 
runs perpendicular from the PCL to the 
lowest aspect of the H line and is indica-
tive of the descent of the levator hia-
tus from the PCL. The O classification 
(organ prolapse) characterizes the degree 
of pelvic organ prolapse below the H-
line during maximum straining.15 

Elongation of the H and M lines is the 
indicator of pelvic floor relaxation, repre-

senting widening of the levator plate and 
descent of the levator hiatus (Table 2).2 
The H line and M line in normal women 
measure approximately 5 and 2 cm, re-
spectively.18 Additionally, measuring 
of the caudal angulation of the levator 
muscle may serve as an indicator of the 
pelvic floor laxity.16 Organ prolapse is 
graded as small (grade 1, 0-2 cm below 
H-line, moderate (grade 2, 2-4 cm), and 
large (grade 2, >4 cm).2  The anorectal 
junction is the point where the distal part 
of rectum meets the anal canal. Anorec-
tal angle (ARA) (Figure 4) is defined 
as the angle between the two lines, one 
at the posterior wall of the distal part of 
the rectum and the other representing the 
central axis of the anal canal.1

Imaging findings
Pathologic conditions are described 

topographically as discussed below.

Anterior compartment 
Cystocele and urethral 
hypermobility

Cystocele is defined as the urinary 
bladder descent during straining 1 cm 
below the PCL.2, 16, 19 The entity results 
from a tear in the pubocervical fascia 
that may be located in the central part of 
the fascia, in the lateral part (paravagi-
nal) or a combination of both.2, 17 Intact 
endopelvic fascia is seen on axial im-
ages as a straight line of the posterior 
bladder wall (Figure 2). In most cases, 
women present with some degree of 
stress urinary incontinence. It is related 
to urethral sphincter deficiency which 
occurs due to diminished support from 
the anterior vaginal wall.2, 13 The dis-
tal two-thirds of the urethra and the 
anterior vaginal wall are inseparable. 
Because the proximal urethra and the 
bladder neck are mobile in a large cys-
tocele, the posterior wall of the urinary 
bladder may descend more than the an-
terior wall, causing the downward and 
clockwise urinary bladder rotation and 
the rotation of the urethral axis into a 
horizontal position, which can be seen 
on sagittal images. When the urethral 
axis rotates over 30° it is defined as ure-
thral hypermobility. Other MR findings 

FIGURE 4. Measurement of anorectal angle 
on dynamic MRI of the pelvic floor, midsagit-
tal T2-weighted turbo spin echo images at 
rest (A), B-TFE images during squeezing (B) 
and straining (C). The anorectal angle is nor-
mally between 108 and 127 degrees at rest. 
It changes during squeezing and straining, as 
the puborectal muscle contracts and relaxes 
by 15-20 degrees.1

A

C

B

Table 2. Grading of the pelvic floor relaxation
	 Grade	 Hiatal enlargement	 Pelvic floor descent  
		  (cm) (H line) 	 (cm) (M line)
	 0 (normal)	 <6	 0-2
	 1 (mild)	 6-8	 2-4
	 2 (moderate)	 8-10	 4-6
	 3 (severe)	 ≥10	 ≥6



24       n        APPLIED RADIOLOGY
©

        	 www.appliedradiology.com August  2017

DYNAMIC MR IMAGING OF PELVIC FLOOR DYSFUNCTION

associated with it are partial defects or 
complete distortion of the urethral liga-
ments and an abnormal vaginal configu-
ration (the normal H-shape) which is 
best seen in the axial plane (Figure 5).17, 

20 If the urinary bladder prolapse is se-
vere, the ureters may become entrapped 
in the muscles of the pelvic floor, re-
sulting in hydronephrosis.21 Treatment 
ranges from nonsurgical interventions, 
such as pessary in mild cases of cysto-
cele, to surgical procedures (eg, retropu-
bic urethropexy) in more severe cases to 
restore the original organ position.1,16

Urethral funneling (beaking) is a 
condition where dilatation of the proxi-
mal urethral lumen and apparent short-
ening of the urethra occurs (Figure 6). 
It can indicate loss of intrinsic urethral 
sphincter integrity in an incontinent 
women. It can be observed even in 
continent women and is therefore con-
sidered to be a nonspecific sign.1, 17 On 
midsagittal images, separately assess-
ing the urethra and the urinary bladder 
is important, as high-grade cystocele 
may mask urethral hypermobility.2 
Urethral hypermobility requires a pubo-

vaginal sling procedure to provide mi-
durethral support and avoid subsequent 
stress incontinence.1, 2, 16

Middle compartment 
Uterine and vaginal vault prolapse

Vaginal or cervical prolapse is di-
agnosed as the vaginal vault descends 
below the PCL line.1It results from the 
laxity of the uterosacral ligaments and 
muscle damage that allow the cervix 
to move anteriorly, resulting in pro-
gressive uterine retroversion and sub-
sequent prolapse. On axial images, the 
vagina loses the typical H shape and is 
displaced inferiorly, and on dynamic 
images, the distal portion moves ante-
riorly. On coronal images, the iliococ-
cygeus muscle appears flat or convex 
downward.2

Vaginal prolapse in patients who 
have undergone hysterectomy is termed 
“apical prolapse.” It is due to a defect in 
the superior vaginal support (pubocer-
vical and rectovaginal part of the endo-
pelvic fascia). In these women, support 
of the vaginal vault is provided by para-
colpium.13 Mild vaginal vault prolapses 
can be managed with pelvic floor exer-
cise. In more severe cases, reattachment 
of the vaginal vault to the sacrospinous 
ligament, ileococcygeus muscle or 
uterosacral ligaments is needed and the 
procedure is called uterosacral suspen-
sion.2, 16 Uterine prolapse is usually 
treated with hysterectomy.2

Posterior compartment 
Enterocele, peritoneocele and 
sigmoidocele

Small-bowel and peritoneal mesen-
teric structures can herniate downward 
along the ventral rectal wall, passing 
more than one-third of the vagina into 
the rectovaginal space (cul-de-sac) or 
posterior perineum.1, 2  Depending on 
the content (small intestine, omental 
fat or sigmoid colon) it is called an en-
terocele, peritoneocele or sigmoidocele. 
Enterocele may be simple or complex, 
depending on presence of vaginal vault 
prolapse, which is important for surgi-
cal planning.2 When enterocele occurs 
at the end of defecation, it may result 

A

A

B

B

FIGURE 5. Pelvic floor descent in a 52-year-old woman, with symptoms of severe obstipa-
tion. MR enterography, irigography and rectal manometry were normal and/or inconclusive. 
Midsagittal B-TFE image obtained at rest (A) showed minimal rectal prolapse (arrow). During 
squeezing (B) the rectal prolapse aggravated up to moderate and an anterior rectocele (*) 
was recognized. Cystocele was also observed along with urethral hypermobility (arrowhead). 
Vaginal vault reached the PCL. H and M line (5.9 and 4.6 cm respectively), indicating mild 
pelvic floor descent.

FIGURE 6. Cystocele, urethral funnelling and rectocele in a 54-year old woman with symp-
toms of urinary and anal incontinence. Midsagittal B-TFE images obtained at rest (A) showed 
dilated proximal urethra (arrow). During straining (B) a cystocele (arrowhead), rectocele (black 
arrow) and anterior rectocele (*) was observed. 
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in incomplete evacuation due to outlet 
obstruction, which is manifest by re-
petitive and unproductive straining.3 
Patients who have undergone hyster-
ectomy are particularly prone to vagi-
nal prolapse. Vaginal descent creates a 
wide rectovaginal space, predisposing 
patients to enterocele and peritoneo-
cele.1 A large cystocele may mask co-
existing enterocele or rectocele because 
of tight space in the pelvic floor.13 

Surgical repair aims to obliterate 
the cul-de-sac and is called a culdo-
plasty.1 Another operation, the sacro-
colpopexy, lifts the vagina to its normal  
position and attaches it by a mesh to  
the sacrum.19

Rectocele
Anterior rectocele is the most com-

mon pathology in the posterior com-
partment and is considered when the 
rectal wall protrudes or bulges beyond 
the expected margin of the anterior 
rectal wall into the posterior vaginal 
wall. It is graded as small (when mea-
suring <2 cm), moderate (measuring 
2 - 4 cm), and large (measuring >4 cm). 
Small rectoceles are common findings 
in asymptomatic women. Rectocele be-
comes clinically relevant when there is 
retention of contrast medium after de-
fecation that correlates with a feeling of 
incomplete evacuation.1 Less frequently 
there is bulging of the posterior or lateral 

rectal wall. It results from the defects in 
the prerectal and pararectal fascia (endo-
pelvic) or rectovaginal septum. Anterior 
rectocele can easily be identified on the 
midsagittal image. Moreover, rectoceles 
are classified based on the complete or 
incomplete evacuation of the contrast 
media at the end of defecation (Figure 
7).19  Surgical treatment involves recto-
vaginal fascia repair or posterior fixation 
of the rectum with possible sigmoid or 
rectal resection.2

Intussusception
Rectal intussusception is the invagi-

nation of the rectal mucosa into the 
rectal lumen. It may remain internal 

A B C

FIGURE 7. Cystocele, rectocele and anterior rectocele in a 60-year old woman with symptoms of ODS who had previously undergone hyster-
ectomy. Midsagittal T2-weighted turbo spin echo at rest (A) showed minimal rectal prolapse and elongated H and M lines. Midsagittal B-TFE 
images obtained during straining (B) and defecation (C) showed further elongation of H and M line (11.3 and 8.3 cm, respectively), indicating 
severe pelvic floor descent, minimal cystocele (arrowhead), anterior rectocele (*) and a severe rectocele (arrow).

A B C

FIGURE 8. Mild pelvic floor relaxation with rectocele and asymmetry in the levator ani muscles in a 51-year old patient with symptoms of 
obstruction. Midsagittal B-TFE images obtained during straining (A) showed elongated H and M line (6.2 and 3.5 cm respectively), indicating 
mild pelvic floor descent with coexisting rectocele. T2-weighted turbo spin echo image in axial (B) and coronal (C) plane show asymmetry in the 
right levator ani muscle (arrows).
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(in which case it is classified intrar-
ectal), may extend into the anal canal 
(intra-anal) or pass the anal sphincter 
(extra-anal or extrarectal) which is most 
often called rectal prolapse. Low-grade 
intussusception is defined when rectal 
mucosa infolding is seen, but not ex-
tending intra-anal. High-grade intus-
susception or prolapse is full-thickness 
rectal wall prolapse that penetrates 
the anal canal.1, 12 Rectal intussuscep-
tion and rectal prolapse often coexist.19 
Simple intussusception may be treated 
with transanal excision of the prolaps-

ing mucosa, while full-thickness rectal 
invagination requires rectopexy alone 
or in combination with colporrhaphy or 
levatoplasty.1,19

Pelvic floor descent
Pelvic floor descent or descending 

perineal syndrome occurs when pelvic 
muscles lose tone, resulting in excessive 
descent of the entire pelvis floor at rest or 
during evacuation. On dynamic imaging, 
pelvic floor descent is defined as ano-
rectal junction descent of more than 2.5 
cm below the PCL. Patients suffer from 

symptoms of outlet obstruction, associ-
ated with pelvic pain and feeling of in-
complete evacuation. Focal asymmetry 
of the levator ani muscle may also occur 
and is best imaged in the coronal plane 
 (Figure 8).1

Spastic pelvic floor syndrome
Spastic pelvic floor syndrome is ob-

served in some constipated patients. 
During progressive straining no physi-
ological relaxation of the puborectal 
muscle occurs. Instead, inappropriate 
and paradoxical contraction of the pel-
vic floor muscles is observed.14 There 
is a long time interval between opening 
of the anal canal and start of defecation; 
therefore, the evacuation is prolonged 
and sometimes incomplete.1

Anal incontinence
Muscles that maintain continence are 

the internal and external anal sphincters 
and puborectal muscles.4 MR signs of 
anal incontinence are inability to hold 
an enema, anorectal decrease by 10°, 
pelvic floor descent in addition to pos-
sible coexistence of intussusception or 
rectocele. Patients in whom sphincter 
tear or atrophy is detected are candi-
dates for surgical repair.1

Postoperative imaging
Postoperative imaging can be done 

for follow up and in cases of symptom 
recurrence. In recurrence, knowing 
which surgery has been performed is 
important for easier evaluation of the 
postsurgical anatomy and to plan a suc-
cessive procedure (Figure 9).16

Conclusion
Pelvic floor dysfunction syndrome is 

a common clinical problem. Dynamic 
MRI of the pelvic floor is mandatory in 
patients in whom conservative manage-
ment is unsuccessful to determine the 
extent of the pathology and for choos-
ing an appropriate surgical procedure. 
It is also a comfortable diagnostic 
method for patients. Recent study by 
Schreyer et al showed that pelvic organs 
in healthy volunteers are highly mo-
bile and suggested that normal values 

FIGURE 9. A 44-year old woman with symptoms of obstruction. Dynamic fluoroscopic defe-
cography (A, B) revealed rectal prolapse, anterior rectocele (arrow), intussusception (arrow-
head) and enterocele (star). Patient has undergone rectopexy, according to Wells. Midsagittal 
B-TFE image obtained at rest (C) showed normal position of the urinary bladder and uterus. 
Small rectal prolapse was already evident. During defecation (D) severe rectal prolapse was 
seen, along with relapsing anterior rectocele. H and M line were elongated, indicating pelvic 
organ descent. No enterocele was evident.

A B

C D
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should be reassessed on a large group of 
healthy subjects.11
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