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2.1  Introduction

The female pelvic floor is a complex functional and ana-
tomic system. It is composed of an active muscular compo-
nent and a passive support system. Furthermore, it is 
topographically divided in three main functional and ana-
tomic compartments: the anterior, supporting the bladder 
and urethra; the middle, supporting the vagina and uterus; 
and the posterior or anorectal compartment [1]. When the 
pelvic floor is damaged in its fascial, muscular, or neural 
components at the level of any of its three compartments, 
several pelvic floor dysfunctions or disorders (PFD) may 
arise [2]. As pelvic floor muscles and fasciae act like a unique 
functional entity, dysfunction of one compartment is com-
monly associated with various dysfunctions of the other 
compartments as well. Hence, a multidisciplinary team, 
often called a pelvic floor unit, is strongly recommended that 
includes urogynecologists, urologists, gastroenterologists, 

proctologists, physicians, radiologists, physiotherapists, and 
specialized nurses. Additionally, the correct diagnosis of the 
specific PFD and the identification of all associated disorders 
are mandatory for an effective conservative or surgical treat-
ment. Dynamic MRI provides excellent morphological and 
functional display of the pelvic floor and is therefore addi-
tionally applied for a comprehensive overview of the pelvic 
floor and the entire pelvic structures. Evaluation is best done 
by performing a standardized MRI procedure and using a 
systemic approach to report the MRI findings [3]. To improve 
effective communication between the radiologist and the cli-
nician, it is also relevant to understand the specific lesions 
underlying PFD and to explain the frequent association of 
disorders in different pelvic compartments.

2.2  Functional Anatomy of the Pelvic 
Floor

2.2.1  Pathogenesis

The pelvic floor is an integrated system composed of an 
active component, the striated muscles, and a passive sup-
port system, the suspensory ligaments and fascial cover-
ings, and is associated with an intricate neural network. It 
not only provides support for the pelvic viscera (bladder, 
bowel, uterus) but maintains their functioning, thanks to 
the combined action of the two major pelvic floor struc-
tures: the levator ani muscle (LAM), and the endopelvic 
fascia [1, 2, 4].

2.2.2  Levator Ani Muscle (LAM)

The LAM has two main components: the iliococcygeus and 
pubococcygeus muscles. Various muscle subdivisions of the 
LAM are assigned to the medial portions of the pubococ-
cygeus in order to reflect the attachments of the muscle to the 
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urethra, vagina, anus, and rectum. These subdivisions of the 
LAM are referred to as the Mm. pubourethralis, pubovagina-
lis, puboanalis, and puborectalis or, collectively, as the M. 
pubovisceralis. More posteriorly, the pelvic diaphragm 
becomes continuous with the ischiococcygeus muscle. The 
LAM contracts continuously, providing tone to the pelvic 
floor against stress coming from gravity and intra-abdominal 
pressure. LAM contraction closes the urogenital hiatus and 
compresses the urethra, vagina, and anorectal junction (ARJ) 
in the direction of the pubic bone. Furthermore, the 
 puborectalis component of the LAM, called the puborectal 
muscle, is an intrinsic and relevant part of the anal sphincter 
complex. It plays a primary role in the defecation process, 
acting as a sling that opens and closes access to the anal 
canal. Relaxation of the puborectal muscle, in fact, opens the 
anorectal angle (ARA); its contraction closes this angle, thus 
impeding defecation.

2.2.3  Endopelvic Fascia

The endopelvic fascia is a layer of connective tissue that con-
nects and attaches the uterus and vagina to the pelvic bones 
[1]. Pelvic organs are supported by a series of fascial (liga-
mental) and elastic condensations of the endopelvic fascia, 
which support the uterus and vagina, preventing genital 
organ prolapse.

2.2.3.1  Pubocervical Fascia
The anterior portion of the endopelvic fascia, the pubocervi-
cal fascia, extends from the anterior vaginal wall to the pubis 
and supports the bladder. Damage to this ligament may cause 
urethral hypermobility and urinary incontinence.

2.2.3.2  Rectovaginal Fascia
The posterior portion of the endopelvic fascia forms the rec-
tovaginal fascia, called Denonvilliers aponeurosis, composed 
of thin, connective tissue in the rectovaginal septum. It fur-
ther extends, along with the cardinal and uterosacral liga-
ments (parametrium), from the posterior cervix and vaginal 
wall toward the sacrum [1]. Damage to or weakness of this 
fascia represents a major cause of rectocele.

2.2.4  Etiology of Pelvic Floor Failure

Obstetric lesions are considered primary causes of pelvic 
floor damage. Lesions of the iliococcygeus muscles are more 
frequent in the first phase of delivery, whereas the pubococ-
cygeus muscles may be damaged in the second phase; mid-
line episiotomy or forceps delivery are associated with anal 
sphincter rupture [2, 5]. During delivery, damage to the ante-

rior portion of the endopelvic fascia (pubocervical fascia) 
may determine urethral hypermobility and/or cystocele, 
whereas a lesion of its posterior portion, the rectovaginal fas-
cia, may result in an anterior rectocele or enterocele [5]. 
Pudendal nerve impairment during vaginal delivery for isch-
emic and mechanical factors diminishes the LAM’s capabil-
ity for providing adequate pelvic support. Other causes of 
pelvic floor weakness include aging, obesity, hysterectomy, 
and the patient’s genetic predisposition.

2.2.5  Indication for Dynamic Pelvic Floor 
Imaging

A pelvic floor disorder (PFD) is characterized by a variable 
association of pelvic organ prolapse (POP) and functional 
disturbances involving the bladder (e.g., urinary inconti-
nence and/or voiding dysfunction), the vagina and/or uterus 
(e.g., sexual dysfunctions), and the rectum (e.g., obstructed 
defecation syndrome (ODS)) [4]. The most common PFD 
are ODS, POP, and urinary incontinence. Nearly 50% of 
multiparous women >50 years of age are affected by these 
disorders, with a negative impact on their quality of life and 
a frequent need of invasive surgical treatments [2, 4].

2.3  Diagnosis of PFD Using Dynamic MRI

Dynamic pelvic floor (DPF)-MRI has emerged a valuable 
alternative technique for assessing PFD and grading POP, 
especially in the posterior compartment [6, 7]. Thanks to its 
multiplanar capability and high soft tissue contrast, MRI 
allows comprehensive morphologic and functional evalua-
tion of all three compartments at the same time, without the 
use of ionizing radiation. It enables real-time assessment of 
functional diseases with dynamic acquisitions, similar to 
conventional defecography [6]. The main limit of MRI is the 
obliged supine position for patient imaging, which is neces-
sary if a closed 1.5-Tesla magnet is used. The supine position 
of MR defecography has been criticized because defecation 
evaluation is not under physiological conditions [8, 9]. 

Key Point

• The pelvic floor should be considered as one unit 
since the three compartments work as one entity. 
Therefore, combined defects of the pelvic floor are 
common and the entire pelvis should be evaluated 
for PFD diagnosis.
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Comparative studies performed with open and closed mag-
nets have ultimately established a good concordance between 
results obtained in the sitting and the supine position, thus 
validating the use of closed MRI for assessing defecation [8]. 
For over 25 years, since its early clinical introduction, 
dynamic MRI for the evaluation of pelvic floor dysfunction 
has been performed with extremely heterogeneous tech-
niques due to the variability of patient preparation, MRI 
equipments, and image evaluation systems [10, 11]. Recently 
a standardized technique for DPF-MRI performance evalua-
tion has been proposed by a ESUR-ESGAR working group 
of experts [3].

2.3.1  General Preparation

According to the recommendations on MR defecography, 
the patient should void for about 2 h before the examination 
to have the bladder moderately filled [3]. A rectal cleansing 
enema the evening before the examination might be helpful 
but is not obligatory needed. To decrease patients’ discom-
fort and to increase patients’ compliance during dynamic 
and evacuation phases, a protective pad or a diaper pant 
should be offered to the patient. Prior to the examination, the 
full history of pelvic floor disorder should be taken, and the 
patient should be trained on how to correctly perform the 
dynamic phases of the examination and the evacuation phase. 
The patient should be informed that the full extent of pelvic 
organ prolapse (POP) and certain abnormalities are only vis-
ible during defecation, which makes evacuation of the gel 
mandatory [3].

2.3.2  DPF-MRI Procedure

2.3.2.1  Patients’ Positioning and Preparation
The given technical aspects of MRI of the pelvic floor relate 
to conventional closed configuration magnets for MR imag-
ing allowing patient positioning in lying body position only 
[3]. The MR defecography should preferably be performed 
with at least 1.5 T using a phased array coil centered low on 
the pelvis to ensure complete visualization of prolapsed 
organs [3]. The patient is placed in the supine position with 
the knees elevated (e.g., on a pillow with firm consistency) 

which facilitates straining and evacuation. No oral or intrave-
nous contrast is necessary. Vaginal filling with 20 cm3 ultra-
sound gel is helpful for better demarcation, but its application 
may be limited due to social or religious backgrounds. 
However, the rectum should be distended with ultrasound 
gel, especially in order to clearly diagnose an intussuscep-
tion and to evaluate the efficacy of rectal evacuation [3].

2.3.2.2  MRI Sequences
The recommended MR-defecography protocol consists of 
static MR sequences (high-resolution T2-weighted images 
(T2WI), e.g., TSE, FSE, RARE) in three planes and dynamic 
MR sequences (steady state, e.g., FISP, GRASS, FFE, 
PSIF, SSFP, and T2-FFE, or balanced-state-free precession 
sequence, e.g., TrueFISP, FIESTA, b-FFE) in sagittal plane 
(squeezing, straining, defecation). Adequate pelvic stress 
during the dynamic sequences is important in order to assess 
the full extent of pelvic floor disorder. Therefore, a clear 
movement of the abdominal wall and the small bowel must 
be seen during dynamic phases. The dynamic sequences 
“squeezing” and “straining” require breath holding, where-
fore the duration should not exceed 20 seconds each [3]. The 
“defecation” sequence should be repeated until the rectum 
is emptied (total time duration around 2–3 min) to show full 
extent of POP and to exclude rectal intussusception [3].

2.3.3  MRI Interpretation

The static images should be analyzed for detection and classi-
fication of structural abnormalities, while the dynamic images 
should be analyzed with regard to functional abnormalities 
assessed by metric measurements of the three compartments of 
the pelvic floor. Due to the different views of the clinical spe-
cialists involved in the treatment of pelvic floor disorder, it is 
suggested to consider adapting the MRI reporting scheme 
according to the specialty of the referring physician [3].

2.3.3.1  Measurement and Grading
The pubococcygeal line (PCL) is the recommended refer-
ence line to measure POP as it practically represents the 
level of the pelvic floor [3]. It is drawn on sagittal plane from 
the inferior aspect of the pubic symphysis to the last coccy-

Key Point

• There is no difference in the detection of clinically 
relevant pathologies regarding PFD when perform-
ing dynamic MRI in sitting position (open magnet) 
or in supine position (closed magnet).

Key Point

• Adequate pelvic stress during straining (clear 
movement of the abdominal wall and small bowel is 
seen) and the evacuation of the rectal gel during 
defecation are crucial so that the examination can 
be considered diagnostic.
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geal joint [10]. After defining the PCL, the distance from 
each reference point is measured perpendicularly to the PCL 
at rest and at maximum strain.

The organ-specific reference point in the anterior, middle, 
and posterior compartment is the most inferior aspect of the 
bladder base (B), the anterior cervical lip (most distal edge of 
the cervix) (C), or the vaginal vault in case of previous hyster-

ectomy (V), the pouch of Douglas (P), and the anorectal junc-
tion (ARJ) (Fig. 2.1a) [3]. Measured values above the reference 
line have a minus sign, values below a plus sign [12].

The anorectal angle (ARA) should be drawn along the 
posterior border of the rectum and a line along the central 
axis of the anal canal on sagittal plane at rest, squeezing and 
maximum straining (Fig. 2.2) [3].

a b

Fig. 2.1 (a, b) Presentation of the metric measurements on sagittal 
plane at rest. (a) The reference points are marked according to the 
PCL. This image at rest presents all reference points in a normal loca-
tion without protrusion or descent. (b) The hiatus at rest presents with a 

normal width and is located in a normal position according to the pelvic 
floor level (PCL) without descent (M-line). PCL pubococcygeal line, B 
bladder neck, C anterior cervical lip, P douglas pouch, ARJ anorectal 
junction, H-line hiatal width, M-line hiatal descent

a b c

Fig. 2.2 (a–c) Anorectal angle variations. (a) Sagittal T2-weighted 
image at rest after rectal filling with gel. The anorectal angle (white 
line) is approximately 85°. The anorectal junction corresponds to the 
apex of the angle, and it is placed at the level of the PCL. (b) Sagittal 
T2-weighted image during squeezing of the pelvic floor. The anorectal 

angle (white line) is reduced to 80°. The anorectal junction remains at 
the level of the PCL. (c) Sagittal T2-weighted image during straining. 
The anorectal angle (white line) opens to 130° due to rectal prolapse 
(160°) and is associated with severe prolapse of the anorectal junction 
(6 cm). PCL pubococcygeal line (black line)

F. Maccioni and C. D. Alt
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To grade pelvic organ prolapse in the anterior and 
middle compartment, the recommended grading system 
starts at +1 cm below the PCL based on the fact that the pel-
vic floor may normally descend and widen up to 2 cm during 
abdominal pressure and the pelvic organs consequently fol-
low the movement of the pelvic floor inferiorly [13]. The 
recommended grading system for cystoceles and uterine 
descent is as follows: °0 = up to +1 cm below the PCL, 
°I = +1 to +3 cm below the PCL, °II = +3 to +6 cm below the 
PCL, and °III = more than +6 cm below the PCL [3].

The position of the anorectal junction is stated to be nor-
mal up to +3 cm below the PCL. The recommended grading 
system for rectal descent is therefore as follows [14]: °0 = up 
to +3 cm below the PCL, °I = between +3 and +5 cm below the 
PCL, and °II = more than +5 cm below the PCL [3, 14].

The anterior rectal wall bulge in rectoceles should be 
reported as pathological from grade °II, as a grade °I  rectocele 
can be observed in nearly 78–99% of parous women, while 
rarely in men [7, 15, 16]: °0 = no outpouching, °I = out-
pouching up to 2 cm, °II = outpouching between 2 and 4 cm, 
and °III = outpouching at least 4 cm [3].

2.3.3.2  Further Evaluation
If a cystocele is present, the differentiation of a distention 
(central defect) or a displacement (lateral defect) cystocele 
can be made, which is relevant for therapy planning [17].

If a herniation of the pelvic peritoneal sac into the recto-
genital pouch (pouch of Douglas) is present, the report should 
include the content of the peritoneal sac [3]. It may contain fat 
(called peritoneocele), small-bowel loops (properly defined 
as enterocele), or sigmoid colon (defined as sigmoidocele).

The change of the ARA expresses the functioning of the 
puborectal muscle. In healthy individuals in the supine posi-
tion, the ARA at rest is between 85 and 95° [6]. During 
squeezing pelvic organs elevate in relationship to the PCL, 
sharpening the ARA by 10–15° (due to contraction of the 
puborectal muscle), while during straining and defecation, 
the ARA becomes more obtuse, typically by 15–25°, than 
when measured at rest (Fig. 2.2) [6].

Anismus is characterized by lack or insufficient relaxation 
of the puborectal muscle and external anal sphincter during 
defecation [6]. Anismus determines constipation and incom-
plete defecation due to a paradoxical contraction of the 
puborectal muscle during straining and defecation, without sig-
nificant variation in the ARA in the different functional phases.

If no evacuation of rectal content at all or a delayed 
evacuation time is present although the compliance is good 
(more than 30 seconds to evacuate 2/3 of the rectal content), 
anismus should be considered [3, 18].

Functional abnormalities like loss of urine through the 
urethra during maximum straining, urethral hypermobility, 
urethral funneling, or a contrary movement of the puborectal 
muscle should be reported if present [3].

Reporting of pelvic organ mobility (the movement of 
the organs compared to their location at rest) can give 
more valuable information than a grading system alone, 
taking into consideration that each woman has a unique 
straining of her pelvic floor and the grade of prolapse alone 
may not fully depict individual manifestation of POP or 
PFD [19].

Pelvic floor relaxation often coexists with pelvic 
organ prolapse. For quantification of the weakness of the 
levator ani and to reflect pelvic floor laxity, the length of 
the hiatus (H-line; extending from the inferior aspect of 
the pubic bone to the posterior wall of the rectum), the 
descent of the levator plate (M-line), and the levator plate 
angle can be evaluated on sagittal plane at rest and during 
maximal straining (Fig. 2.1b) [3]. Generalized pelvic 
floor weakness is also defined as descending perineal 
syndrome. One of the main causes is thought to be exces-
sive anismus.

Structural defects and anatomical abnormalities like 
urethral ligament defect and/or distortion; puborectalis mus-
cle detachment, disruption, atrophy, or avulsion; or diffuse or 
focal iliococcygeus muscle abnormality are commonly 
assessed on static T2-weighted images and should be 
reported if present [3].

2.4  Overview on Compartment-Based 
Symptoms

2.4.1  Anterior Compartment

Stress urinary incontinence (SUI) is the most common type 
of urinary incontinence in women, commonly caused by a 
defect in the urethral support system [20]. Other pathological 
causes have been attributed to urethral hypermobility, intrin-
sic sphincter deficiency, or urethral trauma (e.g., resulting 
from childbearing, surgical trauma, prolonged increased 
abdominal pressure) [21–23]. Women suffering from SUI 
often fear urinary leakage and are therefore impaired in their 
social or physical activities [24].

2.4.2  Middle Compartment

Women affected by levator ani trauma (e.g., caused by vagi-
nal childbirth) may suffer from non-specific complaints as 
abnormal emptying of the bladder, frequency and urgency, 
organ protrusion, pelvic pain, or pressure, as well as from 
dyspareunia and urinary or fecal incontinence [13, 25]. POP 
of the middle compartment may arise from damages of the 
connective tissue or vaginal supporting structures due to age 
or collagen defects. However, an avulsion of the pubovis-
ceral muscle at its inferior aspect or the detachment from its 

2 MRI of the Pelvic Floor and MR Defecography
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insertion on the arcus tendineus fasciae pelvis band during 
vaginal delivery causes laxity and is propagated as the most 
common cause of pelvic floor dysfunction [26].

2.4.3  Posterior Compartment

The obstructed defecation syndrome (ODS) is the most fre-
quent symptom related to the posterior compartment and 
may be sustained either by mechanical causes (e.g., rectal 
prolapse, rectal descent, rectal invagination, rectocele, 
enterocele) or by a functional disorder (puborectalis syn-
drome, dyssynergic defecation) [6, 27].

Common symptoms of rectal prolapse include constipa-
tion, sensation of incomplete evacuation, fecal incontinence, 
and rectal ulceration with bleeding.

An intrarectal intussusception (invagination of the rectal 
wall) may produce a sensation of incomplete emptying, 
whereas an intra-anal invagination rather produces a sensa-
tion of incomplete or obstructed defecation due to outlet 
obstruction. High-grade intussusceptions are frequently 
associated with a rectocele (Figs. 2.3 and 2.4) [28, 29].

Enteroceles may be symptomatic, causing a sense of full-
ness and incomplete evacuation and occasionally lower 
abdominal pain (Fig. 2.5). However, an enterocele does not 
usually impair evacuation [6].

Fig. 2.3 Tricompartment prolapse in a patient with obstructed defeca-
tion syndrome. In the evacuation phase, a large anterior rectocele devel-
ops (>4 cm) associated with rectal invagination, severe descent of the 
ARJ (>6 cm), cystocele (>4 cm), and vaginal vault prolapse after 
hysterectomy

a b c

Fig. 2.4 (a–c) Rectocele with rectal invagination during progressive 
straining. (a) Sagittal balanced image after filling with rectal gel shows 
an anterior rectocele (3 cm) associated with prolapsed anorectal junc-

tion (5 cm). (b) Progressive straining shows rectal invagination above 
the rectocele. (c) Rectal invagination and rectocele are more evident at 
maximum straining during evacuation

F. Maccioni and C. D. Alt
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Symptoms related to a rectocele include vaginal bulging, 
dyspareunia, the sensation of a mass in the vagina, defeca-
tory dysfunction, constipation, or the sensation of incom-
plete evacuation. The fecal trapping in the rectocele leads 
many patients to empty their bowels by digitating and press-
ing on the posterior wall of the vagina or perineum.

2.5  Concluding Remarks

Dynamic pelvic floor MRI provides relevant morphological 
and functional information on pelvic floor structures for the 
diagnosis of pelvic floor disorder. However, knowledge 

about anatomy and pathogenesis of the pelvic floor unit as 
well as information about patients’ history are crucial for the 
interpretation of dynamic pelvic floor MRI. Additionally, a 
systemic approach to perform and report dynamic pelvic 
floor MRI is crucial to enhance effective communication 
between the radiologist and the clinician for the sake of 
patients’ benefit. The recently published recommendations 
on MR defecography by experts of the ESUR/ESGAR 
should be used, and all patients should undergo the same 
preparation and protocol, regardless of the leading symp-
toms of PFD to guarantee a complete documentation of the 
pelvic floor.
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