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Abstract
Pelvic floor dysfunctions embrace a large series of different conditions in which functional abnormalities of the pelvic floor
lead to impairment in urinary and sexual functions and in rectal voiding. A multidisciplinary approach is needed in the evaluation of these patients, as well as the adoption of imaging studies adequate to explore the complex anatomy of the region and
its dynamic functionality. Available imaging studies include: endoanal and transperineal ultrasound, X-ray defecography and
MR defecography. The purpose of this review article is to illustrate the technique, indications, the current role, and diagnostic
value of each one of these. The recent availability of new imaging techniques and related advantages will also be discussed.
Keywords Pelvic floor · MR defecography · Obstructed defecation syndrome · Cystocele · Pelvic floor disorders · Pelvic
floor dysfunction
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Introduction
Pelvic floor dysfunctions have a great impact on the quality
of life representing a common clinical problem, especially
in female patients [1–7]. Imaging of the female pelvic floor
is of rising interest due to an ageing population, harboring
an increasing incidence of pelvic floor disorders (PFD) and
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the rising need for comprehensive diagnosis and treatment.
Women that are affected by PFD, often complain most about
the impairment of their quality of life and ask for sufficient
therapy, which is commonly surgical repair. Thus, imaging
techniques have been constantly developed in recent years
to support therapy planning and management.
Pelvic floor, classically divided in three compartments,
anterior, middle and posterior, has to be intended as a single functional unit: when a defect in one of the three compartments occurs, it may influence in different manner the
other compartments [6, 8–10]. For this reason, a multidisciplinary approach is needed in the evaluation of these
patients, as well as imaging studies adequate to explore the
complex anatomy of the region and its dynamic functionality [5, 11–13]. The choice of the most appropriate imaging
technique depends on the specific clinical indication so a
detailed clinical assessment always represents the first step
in the evaluation of these patients [14, 15].
The available imaging studies are endoanal and transperineal ultrasound, X-ray defecography and magnetic resonance (MR) of the pelvic floor. MR of the female pelvic
floor, particularly, combines high-resolution images with
an excellent soft tissue contrast and provides the possibility to assess non-invasively and more objectively a spectrum of possible disorders affecting the pelvic floor in one
examination.
The purpose of this review article is to illustrate the technique, indications, the current role and diagnostic value of
each one of these. The recent availability of new imaging
studies and related advantages will also be discussed.

Ultrasound
Ultrasound (US) offers different techniques in the assessment of patients with pelvic floor disorders such as 3D and
2D endoanal ultrasound (EAUS) and dynamic transperineal
ultrasound (Table 1).
It can be a useful tool to detect perianal diseases impairing the voiding functionality and in the postsurgical followup to ensure that surgical devices are correctly placed [16].

Tridimensional and bidimensional endoanal
ultrasound
3D-EAUS is performed by an endocavitary 3D-probe rotating at 360°, placed in the anal canal-lower rectum, for about
6 cm from the anal verge. It allows the acquisition of parallel 2D images, as the transducer moves in the cranio-caudal
direction inside its case, taking a transaxial image of the
anal canal each 0.2 mm. The acquired data are then postprocessed, obtaining a 3D volume allowing, therefore, multiplanar imaging of the anal canal.
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The role of endoanal ultrasound in pelvic floor functional
diseases is focused on the detection of sphincter defects
(Fig. 1), infectious process (Fig. 2), or neoplastic processes
of the anal canal [17–20] (Tables 1, 2). Some authors
adopted 2D and 3D anal ultrasonography to measure the
surface of levator ani muscle at rest, during contraction, and
in course of Valsalva’s maneuver [21] and in the detection
of rectocele, perineal descent and enterocele [22] with good
diagnostic performance.
Furthermore anal endosonography is the gold standard
for the assessment of anal sphincter integrity [22, 23] and
may detect occult sphincter defects [24, 25]. Romano et al.
quantified the accuracy of EAUS in detecting internal and
external sphincter injuries, in comparison with intraoperative results, resulting respectively in 95.5% and 100% [26].
West et al. [27] found a good correlation between 3D-EAUS
and endoanal MR in detecting external anal sphincter defects
and Malouf et al. [28] demonstrated that EAUS has better performances than endoanal MR in evaluating internal
sphincter damages [29].
3D-EAUS is the first-line imaging method in the evaluation of perianal infectious diseases (Fig. 2) in whom it plays,
together with MR, a pivotal role in the initial diagnostic
approach [24]. Brillantino et al. [30], in a series of 212
patients estimated the overall sensitivity and specificity of
3D-EAUS in comparison with intraoperative results in the
diagnosis of perianal sepsis of 98.3 and 91.3%, respectively
[31]. Emile et al. [24] and Almeida et al. [25] performed
similar studies comparing the findings of EAUS with the
intraoperative findings. Emile SH et al. found an overall
accuracy for 3D-EAUS of 87, 88.5, and 89.5% in detection
of internal opening (IO), primary tract (PT), and AS defects
respectively, with a very good concordance between the
findings of EAUS and intraoperative findings [24], whereas
Almeida et al. found an accuracy of 3D-EAUS in relation
to the surgical findings of 70.9% in the detection of the primary tract and of 56.3% in the detection of fluid collections
[25]. Kolodziejczak et al. [32], evaluated retrospectively the
accuracy of 3D-EAUS in the assessment of height and type
of anal fistulas, compared to the intraoperative findings and
found an overall accuracy of 3D-EAUS of 91% for fistula
type and 92% for fistula height with a very good agreement
with surgery considered as gold standard. In comparison
with 2D-EAUS, 3D-EAUS showed a higher diagnostic accuracy in the diagnosis of intersphincteric, high transsphincteric, and suprasphincteric fistulas [17, 33]. 3D-EAUS is
effective also in postsurgical evaluations (Fig. 1) and in
assessing correct implants’ location [34].
3D-EAUS is rapidly available, less expensive than MR,
radiation-free, easy to perform, and highly reproducible
[31, 35–38]. As drawback, 3D-EAUS allows a less-defined
visualization of external anal sphincter and it seems to be
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Table 1  Imaging studies to assess patients with pelvic floor disorders
Technique

Clinical indications

Advantages

Endoanal ultrasound

Perianal infectious/
inflammatory process
Evaluation of sphincteral morphology and
detection of sphincter
defects
Post-surgical evaluation
Detection and T staging
of neoplastic masses
of the anal canal
Pelvic organs prolapse
Enterocele
Urinary dysfunction
Postoperative assessment

Minimally invasive
3D imaging
Optimal visualization of Lack of panoramicity
Difficult in patients
sphincter anatomy
with anal stenosis or
Lack of ionizing radiatenderness
tions
Patient preparation
unnecessary
Highly reproducible

TPUS

X-ray fluoroscopic
defecography/X-ray
fluoroscopic cystocolpo-proctography

Test of choice in defecatory
dysfunction
Rectal intussusception
Rectocele
Enterocele and sigmoidocele
Pelvic organ prolapse

MR defecography

Evaluation of the pelvic
floor muscles, pelvic
organs and supporting
ligaments
Pre-operative planning
Post-surgical complications
Urinary dysfunctions
Hysterocele or vaginal
vault prolapse
Elytrocele and edrocele
Pudendal nerve imaging
Perianal fistulas and
abscesses

Drawbacks

Protocol adopted

Endocavitary 3D-probe 0
Patient in left side
decubitus
No rectal cleaning
enema
H2O2 injection to obtain
better depiction of
fistula tract with
external orifice

Standard convex US
probe
Supine position
No rectal cleaning
enema
Rest, contraction and
Valsalva maneuver
Rectal
ampulla:150–200 mL
of high-density
barium paste
Per os: 200 mL of
barium sulfate 60%
1 h before the examination
Bladder: 400 cc of
iodine contrast
medium
Vagina: 25 mL of
barium paste
No rectal cleaning
enema
Acquisitions during
rest, contraction,
squeezing and evacuation phases
Drink 500–700 mL
Unphysiological
Panoramicity
of water 10–15 min
defecatory position in
Multiparametricity
before
standard scanners
Lack of ionizing radiaSupine position/sitting
Higher cost
tion
position on dedicated
High soft tissue contrast
magnet
resolution
Rectal ampulla: 200 mL
Optimal visualization of
gel
external anal sphincter
Vagina: 25–30 mL gel
Possibility to add
Dynamic sagittal
specific sequences for
sequences acquired
further evaluation of
during rest, contracincidental findings
tion, squeezing, and
evacuation

Real-time functional
and 2D or 3D anatomic information
Lack of ionizing radiations
Not invasive
Easy available
Physiological defecatory position
Test of choice to detect
defecatory dysfunctions
Optimal visualization of
rectal intussusception

less accurate than MR with endoanal coil in detecting external sphincter atrophy [28, 39]. Furthermore, the endoanal
evaluation can be difficult in patients with anal stenosis or
tenderness [40].

Radiation dose

Lack of panoramicity
Not standardized procedure
Unphysiological position
Lack of evacuation
phase
Ionizing radiations
Lack of soft tissue
contrast

0

1–10 mSv
With a mean
value of
4.9 mSv

0

Transperineal ultrasound
Dynamic transperineal ultrasound (TPUS) is performed with
standard ‘convex’ US probe or with dedicated 3D and 4D
probes (Table 1) [18, 41].
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Fig. 1  Tridimensional endoanal ultrasound of a female patient complaining for both anal incontinence and dyskinetic evacuation showing the loss of integrity of the internal sphincters related to the previous surgery. Note the asymmetry of the internal sphincter, with
residual portions on the right side (straight arrow) and the inhomogeneity of the external sphincter

The patient is supine positioned with the probe placed
on the perineum close to the symphysis pubis. Images are
acquired at rest, during contraction, and throughout the Valsalva maneuver [40].
TPUS allows also a dynamic evaluation of pelvic floor
(dynamic TPUS). This is made after fulfilling rectum with
50 mL and, in female patients, the vagina, with 10 mL of
US gel. With the probe in the sagittal view, it is possible
to dynamically evaluate pelvic structures at rest, during
squeeze, and straining (Tables 1, 3) [18].
In a comparative study, Steensma et al. [40] detected a
good agreement between 3D-TPUS and evacuation proctography in detecting enterocele, moderate agreement in
diagnosing rectocele, and a fair agreement in detecting intussusception [42].
A recently published work compared dynamic 3D-TPUS
to conventional X-ray defecography, served as gold standard
for the evaluation of pelvic floor disease. 3D-TPUS showed
a high specificity in diagnosing rectoceles, enteroceles, rectal prolapses, and intussusception. This study demonstrated
a good agreement between 3D-TPUS and conventional
defecography in detecting posterior pelvic floor dysfunctions [18].
Concerning anterior compartment, TPUS could also be a
good method to evaluate bladder neck position and mobility
and in detecting cystoceles, showing a good reproducibility
and a good correlation with X-ray procedures [42–45]
Furthermore, TPUS can detect excessive hiatal distensibility allowing us to measure the superior hiatus area (an
area wider than 25 cm2 is significantly associated with urogenital prolapse) [46].
In the middle compartment, it could be effective in detecting uterovaginal prolapse.
The main limit of 3D-TPUS is the non-physiological position of patient during examination and the impossibility in
studying the defecation phase that is crucial to detect pathologies that may not be evident during submaximal strain [18].
Furthermore, it is not a standardized procedure with high
variability in execution protocols [16].
TPUS may be also useful to evaluate anal sphincter
defect, especially in patients refusing the transanal approach
due to pain or stenosis [24, 47].

X‑ray defecography
Fig. 2  Tridimensional endoanal ultrasound in sagittal view of a
female patient complaining for obstructed and painful defecation
related to anal hypertonia, showing a posterior anal fissure evolving
in a superficial abscess (arrow)
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X-ray defecography represents the "gold standard” in the
assessment of the pelvic floor disease, being a cost effective procedure with an easy execution protocol, more available than MR, and allowing the evaluation of the defecation process in the physiological sitting position. However,
it is an invasive procedure due to ionizing radiations, with
a mean effective dose of up to 4.9 mSv [40, 41] and the
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Table 2  3D-EAUS sensitivity and specificity for the different clinical indications
References

Romano et al. [26]
Orsoni et al. (1999)

Indications

EAUS

Gustafsson et al. [37]
Maier et al. [36]
Buchanan et al. [35]
Brillantino et al. [30]
Alabiso et al. [41]
Emile et al. [24]

External anal sphincter defects
Peranal abscesses
Fistula in ano
Perianal fistula
Perianal sepsis: fistulas and abscesses
Fistula in ano
Perianal sepsis: fistulas and abscesses
Perianal fistulas
Perianal fistulas and sphincter defects

Kolodziejczak et al. [32]

Perianal fistulas

Almeida et al. [25]

Perianal fistulas

Standard of reference

Se

Sp

95.5%
100%
89%
90%
60%
94%
98.3%
98%
Internal opening
97.4%
Primary tract
89.3%
Secondary tract
100%
Accuracy 91% fistula type
92% for fistula height
Accuracy 70.9%

100%
77%
66%
33%
21%
50%
91.3%
100%
–
–
–

Surgery
Surgery
Surgery
Surgery
Outcome-derived reference standard
Surgery
MRI
Examination under anesthesia

Surgery
Surgery

Table 3  DTPUS protocol, sensitivity and specificity for the different clinical indications
Reference

Indication

DTPUS

Protocol

Standard of reference

Trasducer: curvilinear 5–8 MHz
Position: left lateral
Contrast medium: endocavitary gel (rectum, vagina) and water-soluble
iodinated contrast medium (50 mL) diluted 1:1 with tap water per os
(1 h before the procedure)
Dynamic phases: rest, squeeze and evacuation

Defecography

Transducer: endocavitary 6.2-MHz
Position: semi-recumbent (110° sitting angle) in a gynecological chair,
with legs flexed and opened
Contrast medium: gel
Dynamic phases: rest, squeezing, and straining

Colpocystodefecography

After voiding
Transducer: curvilinear 4–8 MHz
Position: supine
Contrast medium: gel
Dynamic phases: rest, contraction, and squeezing

Entero-colpo-defecography

Previous enema
Transducer: curvilinear 5–8 MHz
Position: left lateral
Contrast medium: gel
Dynamic phases: rest, squeezing, and evacuation

Enterodefecography

Se (%) Sp (%)
Beer-Gabel et al. [94]

Grasso et al. [42]

Steensma et al. [40]

Beer-Gabel et al. [95]

Rectocele

89

100

Intussusception

90

100

Prolapse

100

100

Enterocele

69

83

Intussusception

90

100

Enterocele

64

98

Rectocele

78

77

Intussusception

22

90

Rectocele 2–4 cm

59

82

Rectocele > 4 cm

50

98

Enterocele

74

92

Intussusception

84

82

Rectal prolapse

75

97

administration of four contrasts and allows to evaluate only
the opacified organs [48, 49] neither muscular structures nor
soft tissues of the pelvic floor [50–53].
It is conducted fulfilling, previously, rectal ampulla with
150–200 mL of high-density barium paste. Barium injection
should be slow, loading rectum until rectosigmoid junction.
In our experience, it is not necessary for patient’s preparation
with rectal cleaning enema.
As the pelvic prolapse often involves all the pelvic
organs to obtain a wide assessment, it may be more appropriate to evaluate all of them and their interactions, also

administering 25 mL of barium paste into the vagina (in
female patients), about 200 mL of barium sulfate 60% per os
1 h before the examination to opacify the intestinal loops and
injection 400 cc of iodine contrast medium into the bladder
(Figs. 3, 4), temporarily placing a bladder catheter, that will
be removed before beginning the examination.
The patient is then seated on a radiolucent commode and
radiographs are acquired at rest in anteroposterior and sagittal views and during different functional phases in sagittal
views, each one explored under fluoroscopy. All phases of
the examination are video recorded.
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Fig. 3  Entero-colpo-cysto-defecography in latero-lateral views at rest (a) and evacuation (b). Note the perineal descent with multiple mucosal
rectal prolapse and intussusception (straight arrow) and the horizontalization of the vaginal axis (curved arrow) during evacuation

• Sagittal view during evacuation
• Sagittal view during the rest, after evacuation is com-

pleted.

Images analysis includes the evaluation of the anorectal
junction position, of the posterior vaginal fornix and of the
bladder base, at rest and during strain and evacuation. The
position of this anatomic structure is referred to the bisischiatic line.
Regarding the rectoanal compartment, the following
points need to be evaluated:
• anorectal angle: the angle between the anal canal longiFig. 4  Entero-colpo-cysto-defecography in latero-lateral views at rest
(a) and during evacuation (b). Note the perineal descent with cystocele (asterisk), horizontalization of the vaginal axis (curved arrow)
and rectocele (straight arrow) during evacuation. Green lines in a and
b show the ano-rectal angle

•

For a correct and complete study, the following radiographs should be acquired (Figs. 4, 5, 6):

•

• Anteroposterior and sagittal views at rest
• Sagittal view during the maximum contraction of pelvic

floor muscles

• Sagittal view during straining without defecation
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•
•

tudinal axis and the posterior rectal line. Normal values
range at rest between 65° and 100°;
dyskinetic puborectalis muscle syndrome: lack of pelvic
floor descent during straining and evacuation and paradoxical contraction of the levator ani;
intussusception and rectal prolapse;
rectocele: bulge of the anterior rectal wall, more than
2 cm from the longitudinal anal canal axis (Figs. 4, 5);
descending perineum syndrome: perineum muscles hypotonia with impaired evacuation and incomplete emptying
of the rectum. It is defined at imaging as a migration of
the anorectal junction major of 3 cm during straining,
and the anorectal angle of more than 130° at rest, increasing more than 155° during straining (Figs. 4, 5) [6, 54].
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Fig. 5  Entero-colpo-defecography in anteroposterior and
latero-lateral views in evacuation (a) and post-evacuation
(b) phases. Note the perineal
descent, the rectocele (a black
lines), the horizontalization of
the vaginal axis during evacuation (a curved arrow), and
a complete mucosal external
prolapse seen in the post-evacuation phase (b arrow). Green
lines in a, b show the ano-rectal
angle

Fig. 6  Video entero-defecography in latero-lateral views during evacuation (a) and self-repositioning of the enterocele by hand (h) (b, c). In a,
the arrow shows a small intestinal loop entering in the rectal ampulla and causing the eversion of the rectal wall (edrocele) (a)

Regarding the middle compartment, it is important
to detect abnormal descent of the uterus (hysterocele) or
vaginal vault prolapse. About the bladder, the presence of
bladder neck hypermotility or funneling and the presence of
cystocele need to be detected.
It is also important to evaluate if there is an abnormal descent of the peritoneal fat or intestinal loops in the
Retzius’, vesicovaginal space, or Douglas’ space. These
conditions: omentocele, enterocele, sigmoidocele, known

as midline pelvic floor hernias, are identified when the
peritoneal fat and/or the intestinal loops occupy more than
a third of the space causing an increase of each space [5].
All these conditions can be adequately assessed only if
the examination is conducted with four contrasts.
The mentioned disadvantages of the X-ray examination, progressively promoted the scientific interest in MR
developments.

13

Japanese Journal of Radiology

MR defecography
MR, due to its properties and to the high-contrast resolution, allows to obtain a detailed visualization of the
pelvic floor structures and pelvic organs in a less invasive way, without using ionizing radiation, of intravenous contrast medium and without bladder catheterization (Table 1) [9, 55–62]. MR defecography was first
described by Yang et al. in 1991 and now it represents the
best imaging method to explore the pelvic floor disorders,
allowing a wide view of the pelvis. The total examination time took about 25–30 min to be completed. Rectal
cleaning is unnecessary, whereas the bladder has to be
moderately distended so, if completely empty; the patient
is invited to drink 400 mL of water about 15 min before

Table 4  Suggested protocol for
MR defecography
Matrix
Slices
Thickness
TR/TE
Flip angle

the examination. Once the patient is on the table of the
MR, in the left side position, rectum and vagina (in female
patients) are filled with 200 mL and about 25–30 mL,
respectively, of ultrasonographic gel [58, 63]. The patient
is then supine positioned wearing a large pad.
After an initial localizer in the three different planes,
the study protocol includes static and dynamic sequences
(Tables 1, 4). Static MR images visualize pelvic floor
anatomy and defects of the supporting structures, while
dynamic MR images visualize pelvic organ mobility, pelvic floor weakness, pelvic organ prolapse and associated
compartment defects [3, 5, 6, 64–66].
T2-weighted (W) sequences are the most useful in the
evaluation of the pelvis, T1W sequences are added to evaluate signal changes of anatomical structures or abnormal
findings, other sequences as T2W with fat suppression or

TSE T2W sag

TSE T2W ax

TSE T1W ax

181 × 256
25
4 mm
5370/126
180°

181 × 256
25
5 mm
6430/114
180°

181 × 256
25
5 mm
611/11
150°

TSE T2W axial and
coronal to the urethral
axis
30
3 mm
5744/103

TrueFISP T2W saga

181 × 256
1
8 mm
3.75/1.6
80°

TSE turbo spin echo, True-FISP true fast imaging with steady-state precession, W weighted, sag sagittally
oriented, ax axially oriented

Fig. 7  MR defecography examination in supine position: T2W
sequences at rest in the coronal plane (a). The coronal plane is oriented on the urethral (a) and anal canal axis (b) allowing us to evalu-
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ate the muscular structures and their symmetry. Note in b the asymmetry of the external sphincter and the levator plate with hypotrophy
on the left side related to the previous surgery (arrow)
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Fig. 8  MR defecography examination: T2W sequences at rest in the
axial plane showing the hypertrophy and asimmetry of the external
sphincter (arrow) due to a rectoanal mucosal prolapse

DWI can be used in specific cases, to characterize pathological processes [67].
In the T1W and T2W static sequences, it is possible to
identify all the muscles and supporting ligaments, looking
for muscular and fascial asymmetries, defects, pathological thickening or thinning, and irregularity of the contours
(Figs. 7, 8), as well as the physiological thickness and
integrity of the internal and external anal sphincters and
of the puborectalis muscle [4]. These features are better
evaluated in the axial and axial oblique planes, oriented
perpendicularly to the anal canal axis.

Fig. 9  MR defecography examination: T2W dynamic sequences in
sagittal plane acquired in the supine position (a, b) and in the sitting position on a dedicated magnet during evacuation (c). The same
patient showed in Fig. 5. Note the pathological perineal descent and
the rectocele (a arrow) measured in straining phase (green lines) with

So, MR examination begins with axial T1W and T2W
sequences of the pelvis, including the anal canal, and is
followed by T2W acquisition on sagittal plane allowing
to define the position of the pelvic organs in the pelvis,
detecting and measuring the perineal descent and the
organ prolapse (Fig. 9). The position of the pelvic organs
is assessed by measuring the perpendicular distance of
the pelvic organs in respect to a reference line. There is
no standardized method for evaluating pelvic floor descent
on MR, and different reference lines, as the pubococcygeal line (PCL) or the midpubic line (MPL), may be used.
There are several studies attempting to assess the relationship between clinical examination and MR using both
the PCL and the MPL, with different results. Broekhuis
et al. [68] found the PCL line most reliable to use in a
cohort of 30 symptomatic patients. Pannu et al. [69] found
no significant difference between the MPL and the PCL
and the agreement with clinical exam for diagnosing pelvic organ prolapse. Rosenkrantz et al. [70] found that the
MPL yields the greater frequency of prolapse than the
PCL, even if findings of pelvic organ prolapse observed
in asymptomatic patients are of uncertain significance and
requires correlation with clinical and physical examination
findings. A recent study evaluated the impact of the PCL
position on hiatal descent grading, comparing different
ways to draw the PCL and found that PCL with the posterior point located at the tip of the coccyx is a reliable and
highly reproducible option to correctly grade the pelvic
floor descent [71].
The position of the pelvic organs is then assessed measuring the perpendicular distance of the bladder base, the

rectal intussusception that can be appreciated only in the defecation
phase (b arrow). Green lines in b indicate the measures of pelvic
organs descent. The examination performed in the sitting position (c)
allows us to detect the external rectal prolapse (arrow) that cannot be
seen in the supine position (b)
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vaginal fornix or vaginal vault (in female), and the anorectal junction (ARJ) in respect of the PCL line identifying
the pubococcygeal plane (PCP) (Fig. 9). The PCP is the
plane located from the inferior margin of the symphysis
pubis to the last coccygeal joint. The ARJ is the point of
reference for perineal descent and it is identified as the
transition point between the end of the rectum and the
anal canal.
A descent of more than 1 cm at rest of the bladder base
and of the posterior vaginal fornix or vaginal vault in
respect of the PCP is considered suggestive for prolapse,
respectively, whereas a position lower than 3 cm of the
ARJ in respect of PCP is indicative of perineal descent [6].
Regarding the organ prolapse, in the sagittal plane, it is
possible to appreciate the presence of bladder neck funneling
and cystocele, hysterocele or vaginal vault prolapse, and rectocele. Also, the attention should be paid to the peritoneal
compartment, important for the surgical planning, detecting
the presence of midline pelvic floor sagittal hernias, prolapse, and herniation of the peritoneum and/or peritoneal
viscera in the Douglas’, Retzius’ and retrorectal spaces [5,
72]. Actually, these findings are seen at rest in the really
serious condition, most commonly can be appreciated in the
dynamic sequences of the study that allow us to explore
Fig. 10  T2W sequences
acquired in axial (a, b) and
coronal (c) planes for the dedicated study of the urethra: note
the lesion of the left periurethral
(a, b straight arrows) and paraurethral ligaments (a, b arrowheads) with right deviation of
the urethral axis (c white line).
In the T2W sagittal dynamic
acquisition in the evacuation
phase (d), there is a pelvic floor
weakness with bladder neck
funneling, cistocele, hysterocele, and anterior rectocele with
rectal prolapse

13

the whole functionality of the pelvic floor with a real-time
evaluation.
Sagittal static acquisitions are also important to specifically orient dedicated sequences to study the anal sphincters or the urethra. Indeed, especially in female patients
complaining for urinary incontinence, it is suggested to
evaluate the morphology of the pubourethral, periurethral,
and paraurethral ligaments [73, 74] on dedicated thin
thickness T2W sequences (3–3.5 mm) acquired in axial
oblique planes (Fig. 10). In these patients, may be better to
avoid the vaginal distension as it may anteriorly displace
the urethra, impairing the visualization of peri and paraurethral ligaments. The coronal plane, oriented on the main
axis of the urethra and of the anal sphincters, allows to
determine the length of the sphincters and their symmetry.
Morphological static sequences are then followed by
dynamic sequences. These are balanced steady-state gradient echo T2W sequences (TRUE FISP, FIESTA, BalancedFFE) acquired in the midsagittal plane during squeezing
and straining phases, with multiple attempts until rectal voiding is reached. The images so obtained are then
assembled in cineview in postprocessing.
A descent of more than 1 cm of the bladder base and of
the posterior vaginal fornix or vaginal vault in respect of
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the PCP and an excursion of more than 3 cm of the ARJ
between rest and evacuation phases in respect of PCP is
indicative of dynamic perineal descent [6].
The evacuation phase cannot be avoided, since it is
crucial to detect perineal descent and organ prolapse that
may not appear during submaximal strain (Figs. 9, 12,
13) [75–77].
In this phase the dyskinesia of the puborectal muscle,
the pathological dynamic descent and the organ prolapse
involving anterior, middle or posterior compartment in different combinations can be appreciated.
There are further different ways to quantify the pelvic organs prolapse: the H-line, M-line, organ prolapse
(HMO) system [11, 78] mainly used by urologists and
some gynecologists, the method proposed by Singh et al.
[79] using the same landmark as the clinical grading system (the midpubic line) and the radiologic POP Q (pelvic
organ prolapse-quantification) [11, 78] adopted as the reference plane to the plane of the hymen. The last method,
using reference points similar to those used in the physical examination, may be better understood by the referring physicians [11]. Whatever the adopted system, it is
important to underline that some of the findings detected at
imaging have a clinical impact only if related with symptoms, so a detailed anamnestic and physical examination
always represents the first step in the evaluation of these
patients, as well as the cooperation with the referring
clinician.

MR defecography has a pivotal role in the preoperative
and postoperative evaluations, considering the availability
of new surgical techniques for the correction of pathological
perineal descent directed to adequately support the pelvic
floor structures [80]. Indeed, MR is the only imaging technique allowing to accurately assess the soft tissues anatomy
and the presence of lesions or postoperative complications
outlining the entire course of muscles and ligaments in static
and dynamic settings [81].
For the surgical planning, it is needed to define in the
anterior compartment: the presence of urethral hypermobility and/or bladder neck funneling, usually associated with
cystocele (Fig. 11, 12); in the middle compartment: the presence and grading of hysterocele or vaginal vault prolapse
(Fig. 12); in the posterior compartment: the presence of
rectocele, mucosal internal prolapse, rectal intussusception,
sigmoidocele. Regarding the midline hernias, it is important
to detect the presence of omentocele and enterocele and in
which of the peritoneal spaces they develop. If a complete
eversion of the posterior vaginal wall happens, this kind
of hernia is called elytrocele (or posterior vaginal hernia)
(Figs. 13, 14), if an eversion of the anterosuperior rectal wall
occurs an edrocele is diagnosed [4, 5] (Fig. 12). The detection of midline hernias is difficult if the rectal ampulla is
filled and so dynamic sagittal images acquired during straining need to be repeated until the evacuation of the endorectal
gel [58, 80, 81].

Fig. 11  MR defecography examination: T2W dynamic sequences
in the sagittal plane acquired during straining (a, b) in two different
patients. Note the difference between urethral hypermotility (a arrow)

and bladder neck funnelling (b arrow), both of them associated with
perineal descent and cystocele
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Fig. 12  MR defecography examination: T2W dynamic sequences in
the sagittal plane acquired in the supine position (a) and in the sitting position on a dedicated magnet (b), during evacuation. The same
patient showed in Fig. 5. Note the pathological perineal descent with

the presence of cystocele, hysterocele (a straight arrow), and massive enterocele (b curved arrow) causing the eversion of the rectal
wall (edrocele). The seriousness of this condition is better seen on the
examination performed in the sitting position (b)

Fig. 13  MR defecography examination: T2W dynamic sequences in
the sagittal plane acquired in the supine position (a) and in the sitting
position on a dedicated magnet (b), during evacuation. Note the pathological perineal descent with the presence of median pelvic floor

hernia (omentocele, white arrow) in Douglas’ space causing an eversion of the vaginal wall (elytrocele), better seen in the sitting position
(b arrow)
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Fig. 14  MR defecography examination: T2W dynamic sequences
in the sagittal plane acquired in the supine position in evacuation
phase. Note the pathological perineal descent with the presence of a
rare condition: omentocele and enterocele herniating anteriorly to the
vagina (v), in the vesicovaginal space (arrows)

A limit in the detection of perineal descent and organ
prolapse may be represented by the unphysiological supine
position [6]. In this sense, several studies were conducted
comparing X-ray defecography to the less invasive MR
defecography.

Fig. 15  MR examination performed for the evaluation of pudendal
nerves in a female (a, b) and a male (c) patient complaining for pelvic, perianal pain. In a note the orientation of the T2 fat sat sequence
showed in b. In b, obtained at the green line showed in a, there is

The majority of the authors agree that MR defecography is superior to X-ray defecography in imaging all the
pelvic floor structures in a non-invasive and more acceptable manner [9, 82], even if MR may show less accuracy
than X-ray colpo-cysto-defecography especially, in the
evaluation of anterior and middle compartment descents,
probably due to imaging performed in the supine position
[5, 50, 72, 82–84]. So, X-ray defecography may remain the
first-line of investigation for the diagnosis of rectal intussusception, but MR defecography is suggested especially if
surgery is planned [85]. No significant differences between
X-ray defecography and MR defecography were detected
in the evaluation limited to the the posterior compartment
[86]. When adopting MR defecography, especially if it
lacks the evacuation phase, clinicians need to be mindful about the risk of underdiagnosis particularly related
to underestimation of rectoceles, intussusceptions, and
descent of the anterior and middle compartment and so
consider the use of additional imaging with X-ray defecography in case of suboptimal results [87]. In our opinion,
this represents the advisable approach. In a recent study
[88] comparing the utility of supine MR defecography
with upright voiding cystourethrogram (VCUG) for the
evaluation of cystocele and urethral hypermobility (UHM),
the authors found that supine MR defecography demonstrates significantly higher prevalence and degree of cystocele and UHM than upright VCUG and alters the grade
of bladder prolapse in a significant portion of the patient
population. However, cystocele size on MR defecography
correlates with clinical presence of prolapse symptoms.
Actually, these results are in contrast with those of other
studies and in our opinion, they may be influenced by the
presence of the catheter during upright VCUG and with

a slight hyperintense signal surrounding the pudendal nerve in the
Alcock canal (b arrow); in c an hyperintense signal surrounding the
peripheral left branch of pudendal nerve is seen (arrow)
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the differences in measuring the prolapse between the two
examinations.
The presence of pelvic floor descent may be related
with pelvic pain and pudendal neuropathy. The etiology of
the pudendal neuropathy is still not well known. One of the
hypotheses is that the progressive perineal descent causes
stretching of the nerve increasing its inflammation [89]. If
among the symptoms the patient complains for pelvic pain,
T2W fat sat sequences expressly oriented to image the
pudendal nerves can be added to the MR examination. If
it is involved in the inflammatory process, an asymmetric
hyperintensity in the T2W sequences affecting the nerve
can be seen (Fig. 15) [89].

Advances in MR defecography
The main limitation of the standard MR defecography is
related to the patient position during the examination that is
not physiological and so the open magnets were studied to
perform the examination in the physiological sitting position
[6, 90–92]. These kinds of magnets, as well as the adopted
sequences, are still not standardized and the role is currently
debated in the literature.
In our Institution, a dedicated magnet was developed
modifying an open tilting magnet system commonly used
for the musculoskeletal examination: the magnet was positioned at 90° and a dedicated commode equipped with a flexible single-channel receiving coil, specifically designed, was
inserted into the magnet. This allowed patients to be studied
in the physiological position adopted during defecation [6].
The dynamic sequence was specifically designed for this
new prototype: it is a balanced steady-state gradient echo
sequence allowing us to repeatedly acquire images of the
same layer previously selected.
Patient preparation and the examination time are the same
described for the supine MR defecography.
In our series, were examined the results of static and
dynamic pelvic MR performed in the supine position versus
the sitting position in 31 patients with pelvic floor disorders
[6]. In comparison with other published studies [90–93], this
is the largest series of patients evaluated both in supine and
in sitting positions, in a referral center with large experience,
adopting an open system magnet.
At rest and in squeezing phases, the positions of the pelvic organs resulted significantly different when the patient
was imaged in the two different positions (Figs. 9, 12), suggesting that the MR study in the supine position underestimates the fixed pelvic floor descent [6].
During the evacuation phase in the sitting position, the
bladder and the vagina were located significantly lower
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than in the same examination phase in the supine position,
whereas a significant difference for the perineal descent was
not found suggesting that the maximal level of pelvic floor
descent is more influenced by the muscles elasticity and by
the pelvic floor muscle voluntary contractions than by the
gravity force. Consequently, the MR in the supine position
overestimates the grade of the dynamic descent of the pelvic
floor [6].
The examination performed in the physiological position
allows us to obtain the evacuation in almost all the patients
and consequently, pathological conditions more evident
in this phase as cystocele, hysterocele, rectocele and rectal intussusception and midline hernias can be assessed in
detail (Figs. 9, 12).
MR defecography in the sitting position, allowing us to
correctly diagnose and grade the pelvic organ descent and to
obtain a detailed view of the pelvic ligaments and muscles
without ionizing radiations, may be proposed as the all-inone modality to explore the patients complaining for pelvic
floor disorders.

Conclusion
Pelvic floor dysfunctions embrace a large series of different conditions in which functional abnormalities of the pelvic floor lead to impairment in urinary, rectal voiding, and
sexual functions.
An integrated imaging approach is needed in the evaluation of these patients, adequate to explore the complex
anatomy of the region and its dynamic functionality. Available imaging studies include: endoanal and transperineal
ultrasound, X-ray defecography, and MR defecography.
The role of endoanal ultrasound in pelvic floor functional
diseases is focused on the detection of sphincter defects,
infectious process, or neoplastic diseases of the anal canal.
Dynamic transperineal ultrasound may be helpful in exploring some functional diseases of the pelvic floor.
X-ray defecography represents ‘gold standard’ in the
assessment of the pelvic floor functional disease allowing
the evaluation of the defecation process in the physiological
sitting position, however MR defecography has the advantage of a high resolution and detailed morphological and
dynamic evaluation of the pelvic floor structures and pelvic
organs in a non-invasive way. The main limitation is related
to the supine position of the patient during the examination.
New MR system allows to perform the examination in the
physiological sitting position may be proposed as the all-inone modality to explore the patients complaining for pelvic
floor disorders.

Japanese Journal of Radiology

Compliance with ethical standards
Conflict of interest The authors declare that they have no conflict of
interest.
Ethical statement This manuscript is original, has not been published
before, and is not currently being considered for publication elsewhere.

16.
17.

18.

References
1. Mortele KJ, Fairhurst J. Dynamic MR defecography of the posterior compartment: Indications, techniques and MRI features. Eur
J Radiol. 2007;61(3):462–72.
2. Cavallo G, Salzano A, Grassi R, Zanatta P, Tuccillo M. Rectocele
in males: clinical, defecographic, and CT study of singular cases.
Dis Colon Rectum. 1991;34(11):964–6.
3. Reginelli A, Pezzullo MG, Scaglione M, Scialpi M, Brunese L,
Grassi R. Gastrointestinal disorders in elderly patients. Radiol
Clin N Am. 2008;46(4):755–71.
4. Bitti GT, Argiolas GM, Ballicu N, Caddeo E, Cecconi M,
Demurtas G, et al. Pelvic floor failure: MR imaging evaluation of anatomic and functional abnormalities. Radiographics.
2014;34(2):429–48.
5. Cappabianca S, Reginelli A, Iacobellis F, Granata V, Urciuoli L,
Alabiso ME, et al. Dynamic MRI defecography vs entero-colpocysto-defecography in the evaluation of midline pelvic floor
hernias in female pelvic floor disorders. Int J Colorectal Dis.
2011;26(9):1191–6.
6. Iacobellis F, Brillantino A, Renzi A, Monaco L, Serra N,
Feragalli B, et al. MR imaging in diagnosis of pelvic floor
descent: supine versus sitting position. Gastroenterol Res Pract.
2016;2016:6594152.
7. Renzi A, Brillantino A, Di Sarno G, d’Aniello F. Five-item score
for obstructed defecation syndrome: study of validation. Surg
Innov. 2013;20(2):119–25.
8. Ribas Y, Hotouras A, Chan CL, Clavé P. Imaging of pelvic floor
disorders: are we underestimating gravity? Dis Colon Rectum.
2014;57(10):1242–4.
9. Lienemann A, Anthuber C, Baron A, Kohz P, Reiser M. Dynamic
MR colpocystorectography assessing pelvic-floor descent. Eur
Radiol. 1997;7(8):1309–17.
10. Bertschinger KM, Hetzer FH, Roos JE, Treiber K, Marincek B,
Hilfiker PR. Dynamic MR imaging of the pelvic floor performed
with patient sitting in an open-magnet unit versus with patient
supine in a closed-magnet unit. Radiology. 2002;223(2):501–8.
11. Silva AC, Maglinte DD. Pelvic floor disorders: what’s the best
test? Abdom Imaging. 2013;38(6):1391–408.
12. Rentsch M, Paetzel C, Lenhart M, Feuerbach S, Jauch KW, Fürst
A. Dynamic magnetic resonance imaging defecography: a diagnostic alternative in the assessment of pelvic floor disorders in
proctology. Dis Colon Rectum. 2001;44(7):999–1007.
13. Faggian A, Alabiso ME, Serra N, Pizza NL, Iasiello F, Tecame
M, et al. Entero-colpo-defecography vs supine entero-MRI: which
one is the best tool in the differentiation of enterocele, elytrocele
and edrocele? J Biol Regul Homeost Agents. 2013;27(3):861–8.
14. Ciarrapico AM, Ugenti R, Di Minco L, Santori E, Altobelli S,
Coco I, D’Onofrio S, Simonetti G. Diagnostic imaging and spending review: extreme problems call for extreme measures. Radiol
Med. 2017;122(4):288–93.
15. Placido R, Calcaterra D, Canitano S, Capodieci G, Di Modica G,
Marino MA, Pofi E, Tomarchio O, Orlacchio A. COLLABORADI:

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

a rule-based diagnostic imaging prescription system to help the
general practitioner to choose the most appropriate radiological
imaging procedures. Radiol Med. 2017;122(3):186–93.
Abbas Shobeiri S. Practical pelvic floor ultrasonography. In:
Abbas Shobeiri S (Ed.). New York: Springer; 2014.
Xue Y, Ding S, Ding Y, Liu F. Comparison of two-dimensional
ultrasound and three-dimensional endoanal ultrasound in the diagnosis of perianal fistula [Chinese]. Zhonghua Wei Chang Wai Ke
Za Zhi. 2014;17(12):1187–9.
Beer-Gabel M, Assoulin Y, Amitai M, Bardan E. A comparison
of dynamic transperineal ultra-sound (DTP-US) with dynamic
evacuation proctography (DEP) in the diagnosis of cul de sac
hernia (enterocele) in patients with evacuatory dysfunction. Int J
Colorectal Dis. 2008;23(5):513–9.
Reginelli A, Mandato Y, Cavaliere C, Pizza NL, Russo A, Cappabianca S, et al. Three-dimensional anal endosonography in depicting anal-canal anatomy. Radiol Med. 2012;117(5):759–71.
Brillantino A, Iacobellis F, Reginelli A, Monaco L, Sodano B,
Tufano G, Tufano A, Maglio M, De Palma M, Di Martino N,
Renzi A, Grassi R. Preoperative assessment of simple and complex anorectal fistulas: tridimensional endoanal ultrasound? Magnetic resonance? Both? Radiol Med. 2019;124(5):339–49.
Gachon B, Desseauve D, Fradet L, Decatoire A, Lacouture P,
Pierre F, et al. Changes in pelvic organ mobility and ligamentous
laxity during pregnancy and postpartum review of literature and
prospects. Prog Urol. 2016;26(7):385–94.
Vitton V, Vignally P, Barthet M, Cohen V, Durieux O, Bouvier M,
et al. Dynamic anal endoso-nography and MRI defecography in
diagnosis of pelvic floor disorders: comparison with con-ventional
defecography. Dis Colon Rectum. 2011;54(11):1398–404.
Haylen BT, de Ridder D, Freeman RM, Swift SE, Berghmans
B, Lee J, International Uro-gynecological Association, International Continence Society, et al. An International Urogynecological Association (IUGA)/International Continence Society (ICS)
joint report on the terminology for female pelvic floor dysfunction. Neurourol Urodyn. 2010;29(1):4–20.
Emile SH, Magdy A, Youssef M, Thabet W, Abdelnaby M,
Omar W, Khafagy W. Utility of endoanal ultrasonography in
assessment of primary and recurrent anal fistulas and for detection of associated anal sphincter defects. J Gastrointest Surg.
2017;21(11):1879–87.
Almeida IS, Jayarajah U, Wickramasinghe DP, Samarasekera DN.
Value of three-dimensional endoanal ultrasound scan (3D-EAUS)
in preoperative assessment of fistula-in-ano. BMC Res Notes.
2019;12(1):66.
Romano G, Rotondano G, Esposito P, Pellecchia L, Novi A.
External anal sphincter defects: correlation between pre-operative
anal endosonography and intraoperative findings. Br J Radiol.
1996;69(817):6–9.
West RL, Dwarkasing S, Briel JW, Hansen BE, Hussain SM,
Schouten WR, et al. Can three-dimensional endoanal ultrasonography detect external anal sphincter atrophy? A comparison with
endoanal magnetic resonance imaging. Int J Colorectal Dis.
2005;20(4):328–32.
Malouf AJ, Williams AB, Halligan S, Bartram CI, Dhillon S,
Kamm MA. Prospective assess-ment of accuracy of endoanal MR
imaging and endosonography in patients with fecal inconti-nence.
AJR Am J Roentgenol. 2000;175(3):741–5.
Van Assche G, Dignass A, Reinisch W, van der Woude CJ,
Sturm A, De Vos M, European Crohn’s, and Colitis Organisation
(ECCO), et al. The second European evidence-based consensus
on the diagnosis and management of Crohn’s disease: special situations. J Crohns Colitis. 2010;4(1):63–101.
Brillantino A, Iacobellis F, Di Sarno G, D’Aniello F, Izzo D,
Paladino F, et al. Role of tridimen-sional endoanal ultrasound

13

Japanese Journal of Radiology

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.
44.

45.
46.
47.

(3D-EAUS) in the preoperative assessment of perianal sepsis.
Int J Colorectal Dis. 2015;30(4):535–42.
Siddiqui MR, Ashrafian H, Tozer P, Daulatzai N, Burling D,
Hart A, Athanasiou T, et al. A di-agnostic accuracy meta-analysis of endoanal ultrasound and MRI for perianal fistula assessment. Dis Colon Rectum. 2012;55(5):576–85.
Kołodziejczak M, Santoro GA, Obcowska A, Lorenc Z,
Mańczak M, Sudoł-Szopińska I. Three-dimensional endoanal
ultrasound is accurate and reproducible in determining type and
height of anal fistulas. Colorectal Dis. 2017;19(4):378–84.
Garcés-Albir M, García-Botello SA, Espi A, Pla-Martí V,
Martin-Arevalo J, Moro-Valdezate D, Ortega J. Three-dimensional endoanal ultrasound for diagnosis of perianal fistulas:
reliable and objective technique. World J Gastrointest Surg.
2016;8(7):513–20.
Dobben AC, Terra MP, Deutekom M, Slors JF, Janssen LW,
Bossuyt PM, et al. The role of en-doluminal imaging in clinical outcome of overlapping anterior anal sphincter repair in
patients with fecal incontinence. AJR Am J Roentgenol.
2007;189(2):W70–W7777.
Buchanan GN, Halligan S, Bartram CI, Williams AB, Tarroni D, Cohen CRG. Clinical examination, endosonography,
and MR imaging in preoperative assessment of fistula in ano:
comparison with outcome-based reference standard. Radiology.
2004;233(3):674–81.
Maier AG, Funovics MA, Kreuzer SH, Herbst F, Wunderlich
M, Teleky BK, Lechner GL. Evaluation of perianal sepsis: comparison of anal endosonography and magnetic resonance imaging. J Magn Reson Imaging. 2001;14(3):254–60.
Gustafsson U, Kahvecioglu B, Åström G. Endoanal ultrasound or magnetic resonance imaging for preoperative assessment of anal fistula: a comparative study. Colorectal Dis.
2001;3:189–97.
Santoro GA, Wieczorek AP, Dietz HP, Mellgren A, Sultan
AH, Shobeiri SA, et al. State of the art: an integrated approach
to pelvic floor ultrasonography. Ultrasound Obstet Gynecol.
2011;37(4):381–96.
Terracciano F, Scalisi G, Bossa F, Scimeca D, Biscaglia G,
Mangiacotti M, et al. Transperineal ultrasonography: first level
exam in IBD patients with perianal disease. Dig Liver Dis.
2016;48(8):874–9.
Steensma AB, Oom DM, Burger CW, Schouten WR. Assessment
of posterior compartment pro-lapse: a comparison of evacuation
proctography and 3D transperineal ultrasound. Colorectal Dis.
2010;12(6):533–9.
Alabiso ME, Iasiello F, Pellino G, Iacomino A, Roberto L, Pinto
A, et al. 3D-EAUS and MRI in the activity of anal fistulas in
Crohn’s disease. Gastroenterol Res Pract. 2016;2016:1895694.
Grasso RF, Piciucchi S, Quattrocchi CC, Sammarra M, Ripetti
V, Zobel BB. Posterior pelvic floor disorders: a prospective comparison using introital ultrasound and colpocys-todefecography.
Ultrasound Obstet Gynecol. 2007;30(1):86–94.
Dietz HP. Pelvic floor ultrasound: a review. Am J Obstet Gynecol.
2010;202(4):321–34.
Grischke EM, Anton HW, Dietz P, Schmidt W. Perineal sonography and roentgenologic proce-dures within the scope of diagnosis of female urinary incontinence [German]. Geburtshilfe Frauenheilkd. 1989;49:733–6.
Chantarasorn V, Dietz HP. Diagnosis of cystocele type by clinical examination and pelvic floor ultrasound. Ultrasound Obstet
Gynecol. 2012;39:710–4.
Pineda M, Shek K, Wong V, Dietz HP. Can hiatal ballooning be
determined by two-dimensional translabial ultrasound? Aust N
Z J Obstet Gynaecol. 2013;53(5):489–93.
Dietz HP. Exoanal imaging of the anal sphincters. J Ultrasound
Med. 2018;37(1):263–80.

13

48. Zonca G, De Thomatis A, Marchesini R, Sala S, Bozzini B,
Cozzi G, et al. The absorbed dose to the gonads in adult patients
undergoing defecographic study by digital or traditional radiographic imaging. Radiol Med. 1997;94(5):520–3.
49. Goei R, Kemerink G. Radiation dose in defecography. Radiology. 1990;176:137–9.
50. Pilkington SA, Nugent KP, Brenner J, Harris S, Clarke A, Lamparelli M, et al. Barium proctography vs magnetic resonance
proctography for pelvic floor disorders: a comparative study.
Colorectal Dis. 2012;14(10):1224–300.
51. Mellgren A, Bremmer S, Johansson C, Dolk A, Uden R, Ahlback SO, et al. Defecography. Results of investigations in 2,816
patients. Dis Colon Rectum. 1994;37:1133–41.
52. Karasick S, Karasick D, Karasick SR. Functional disorders
of the anus and rectum: findings on defecography. AJR Am J
Roentgenol. 1993;160:777–82.
53. Palmer SL, Lalwani N, Bahrami S, Scholz F. Dynamic fluoroscopic defecography: updates on rationale, technique, and interpretation from the Society of Abdominal Radiology Pelvic Floor
Disease Focus Panel. Abdom Radiol (NY). 2019.
54. Choi JS, Wexner SD, Nam YS, Mavrantonis C, Salum MR,
Yamaguchi T, et al. Intraobserver and interobserver measurements of the anorectal angle and perineal descent in defecography. Dis Colon Rectum. 2000;43:1121–6.
55. Fielding JR. Practical MR imaging of female pelvic floor weakness. Radiographics. 2002;22(2):295–304.
56. Maubon A, Aubard Y, Berkane V, Camezind-Vidal MA, Mares
P, Rouanet JP. Magnetic resonance imaging of the pelvic floor.
Abdom Imaging. 2003;28(2):217–25.
57. Grassi R, Lombardi G, Reginelli A, Capasso F, Romano F, Floriani I, et al. Coccygeal movement: assessment with dynamic
MRI. Eur J Radiol. 2007;61(3):473–9.
58. El Sayed RF, Alt CD, Maccioni F, Meissnitzer M, Masselli G,
Manganaro L, et al. Magnetic resonance imaging of pelvic floor
dysfunction—joint recommendations of the ESUR and ESGAR
Pelvic Floor Working Group. Eur Radiol. 2019.
59. Salerno S, Granata C, Trapenese M, Cannata V, Curione D,
Rossi Espagnet MC, Magistrelli A. Tomà PIs MRI imaging
in pediatric age totally safe? A critical reprisal. Radiol Med.
2018;123(9):695–702.
60. Tomà P, Cannatà V, Genovese E, Magistrelli A, Granata C. Radiation exposure in diagnostic imaging: wisdom and prudence, but
still a lot to understand. Radiol Med. 2017;122(3):215–20.
61. Fischer S, Grodzki DM, Domschke M, Albrecht M, Bodelle
B, Eichler K, Hammerstingl R, Vogl TJ, Zangos S. Quiet MR
sequences in clinical routine: initial experience in abdominal
imaging. Radiol Med. 2017;122(3):194–203.
62. Tedeschi E, Caranci F, Giordano F, Angelini V, Cocozza S, Brunetti A. Gadolinium retention in the body: what we know and what
we can do. Radiol Med. 2017;122(8):589–600.
63. Maccioni F, Al Ansari N, Buonocore V, Mazzamurro F, Indinnimeo M, Mongardini M, et al. Prospective comparison between
two different magnetic resonance defecography techniques for
evaluating pelvic floor disorders: air-balloon versus gel for rectal
filling. Eur Radiol. 2016;26:1783–91.
64. Reginelli A, Di Grezia G, Gatta G, Iacobellis F, Rossi C, Giganti
M, et al. Role of conventional radiology and MRI defecography
of pelvic floor hernias. BMC Surg. 2013;13(Suppl 2):S53.
65. Mandato Y, Reginelli A, Galasso R, Iacobellis F, Berritto D, Cappabianca S. Errors in the radiological evaluation of the alimentary
tract: part I. Semin Ultrasound CT MR. 2012;33(4):300–7.
66. Colaiacomo MC, Masselli G, Polettini E, Lanciotti S, Casciani E,
Bertini L, Gualdi G. Dynamic MR imaging of the pelvic floor: a
pictorial review. Radiographics. 2009;29(3):e35.
67. Robba T, Chianca V, Albano D, Clementi V, Piana R, Linari A, Comandone A, Regis G, Stratta M, Faletti C, Borrè A.

Japanese Journal of Radiology

68.

69.
70.

71.

72.

73.

74.
75.

76.

77.

78.
79.
80.

81.
82.

Diffusion-weighted imaging for the cellularity assessment
and matrix characterization of soft tissue tumour. Radiol Med.
2017;122(11):871–9.
Broekhuis SR, Kluivers KB, Hendriks JC, Vierhout ME, Barentsz
JO, Fütterer JJ. Dynamic magnetic resonance imaging: reliability of anatomical landmarks and reference lines used to assess
pelvic organ prolapse. Int Urogynecol J Pelvic Floor Dysfunct.
2009;20(2):141–8.
Pannu HK, Scatarige JC, Eng J. MRI diagnosis of pelvic organ
prolapse compared with clinical examination. Acad Radiol.
2011;18(10):1245–51.
Rosenkrantz AB, Lewis MT, Yalamanchili S, Lim RP, Wong
S, Bennett GL. Prevalence of pelvic organ prolapse detected
at dynamic MRI in women without history of pelvic floor
dysfunction: comparison of two reference lines. Clin Radiol.
2014;69(2):e71–e7777.
Picchia S, Rengo M, Bellini D, Caruso D, Pironti E, Floris R,
Laghi A. Dynamic MR of the pelvic floor: influence of alternative
methods to draw the pubococcygeal line (PCL) on the grading of
pelvic floor descent. Eur J Radiol Open. 2019;20(6):187–91.
Foti PV, Farina R, Riva G, Coronella M, Fisichella E, Palmucci
S, et al. Pelvic floor imaging: comparison between magnetic resonance imaging and conventional defecography in studying outlet
obstruction syndrome. Radiol Med. 2013;118(1):23–39.
Garcia del Salto L, de Miguel Criado J, Aguilera del Hoyo
LF, Gutierrez Velasco L, Fraga Ri-vas P, et al. MR imagingbased assessment of the female pelvic floor. Radiographics.
2014;34(5):1417–39.
Gupta AP, Pandya PR, Nguyen ML, Fashokun T, Macura KJ. Use
of dynamic MRI of the pelvic floor in the assessment of anterior
compartment disorders. Curr Urol Rep. 2018;19(12):112.
Li M, Jiang T, Peng P, Yang X. MR defecography in assessing
functional defecation disorder: diagnostic value of the defecation
phase in detection of dyssynergic defecation and pelvic floor prolapse in females. Digestion. 2019;29:1–8.
Lalwani N, Khatri G, El Sayed RF, Ram R, Jambhekar K,
Chernyak V, Kamath A, Lewis S, Flusberg M, Scholz F, ArifTiwari H, Palmer SL, Lockhart ME, Fielding JR. MR defecography technique: recommendations of the society of abdominal radiology’s disease‑focused panel on pelvic floor imaging.
Abdom Radiol (NY). 2019.
Arif-Tiwari H, Twiss CO, Lin FC, Funk JT, Vedantham S, Martin DR, Kalb BT. Improved detection of pelvic organ prolapse:
comparative utility of defecography phase sequence to nondefecography valsalva maneuvers in dynamic pelvic floor magnetic
resonance imaging. Curr Probl Diagn Radiol. 2019;48(4):342–7.
Comiter CV, Vasavada SP, Barbaric ZL, Gousse AE, Raz S. Grading pelvic prolapse and pelvic floor relaxation using dynamic
magnetic resonance imaging. Urology. 1999;54(3):454–7.
Singh K, Reid WM, Berger LA. Assessment and grading of pelvic
organ prolapse by use of dynamic magnetic resonance imaging.
Am J Obstet Gynecol. 2001;185(1):71–7.
Renzi A, Brillantino A, Di Sarno G, d’Aniello F, Bianco P, Iacobellis F, et al. Transverse perineal support: a novel surgical treatment for perineal descent in patients with obstructed defecation
syndrome. Dis Colon Rectum. 2016;59(6):557–64.
Khatri G, Carmel ME, Bailey AA, Foreman MR, Brewington CC,
Zimmern PE, et al. Postoperative imaging after surgical repair for
pelvic floor dysfunction. Radiographics. 2016;36(4):1233–56.
Vanbeckevoort D, Van Hoe L, Oyen R, Ponette E, De Ridder D,
Deprest J. Pelvic floor descent in females: comparative study of

83.

84.

85.

86.

87.

88.

89.
90.

91.

92.

93.

94.
95.

colpocystodefecography and dynamic fast MR imaging. J Magn
Reson Imaging. 1999;9(3):373–7.
Kelvin FM, Maglinte DD, Hale DS, Benson JT. Female pelvic
organ prolapse: a comparison of triphasic dynamic MR imaging
and triphasic fluoroscopic cystocolpoproctography. AJR Am J
Roentgenol. 2000;174:81–8.
Zafar A, Seretis C, Feretis M, Karandikar S, Williams SC,
Goldstein M, Chapman M. Comparative study of magnetic
resonance defaecography and evacuation proctography in
the evaluation of obstructed defaecation. Colorectal Dis.
2017;19(6):O204–O209209.
Dvorkin LS, Hetzer F, Scott SM, Williams NS, Gedroyc W, Lunniss PJ. Open-magnet MR defaecography compared with evacuation proctography in the diagnosis and management of patients
with rectal intussusception. Colorectal Dis. 2004;6(1):45–53.
Poncelet E, Rock A, Quinton JF, Cosson M, Ramdane N, Nicolas L, Feldmann A, Salleron J. Dynamic MR defecography of
the posterior compartment: comparison with conventional X-ray
defecography. Diagn Interv Imaging. 2017;98(4):327–32.
Ramage L, Simillis C, Yen C, Lutterodt C, Qiu S, Tan E, Kontovounisios C, Tekkis P. Magnetic resonance defecography versus
clinical examination and fluoroscopy: a systematic review and
meta-analysis. Tech Coloproctol. 2017;21(12):915–27.
Kumar NM, Khatri G, Christie AL, Sims R, Pedrosa I, Zimmern
PE. Supine magnetic resonance defecography for evaluation of
anterior compartment prolapse: comparison with upright voiding
cystourethrogram. Eur J Radiol. 2019;117:95–101.
Jorge JMN, Wexner SD, Ehrenpreis ED, Nogueras JJ, Jagelman
DG. Does perineal descent correlate with pudendal neuropathy?
Dis Colon Rectum. 1993;36:475–83.
Fielding JR, Griffiths DJ, Versi E, Mulkern RV, Lee ML,
Jolesz FA. MR imaging of pelvic floor continence mechanisms
in the supine and sitting positions. AJR Am J Roentgenol.
1998;171(6):1607–10.
Fiaschetti V, Squillaci E, Pastorelli D, Rascioni M, Funel V,
Salimbeni C, et al. Dynamic MR defecography with an openconfiguration, low-field, tilting MR system in patients with pelvic
floor disorders. Radiol Med. 2011;116(4):620–33.
Schoenenberger AW, Debatin JF, Guldenschuh I, Hany TF,
Steiner P, Krestin GP. Dynamic MR defecography with a
superconducting, open-configuration MR system. Radiology.
1998;206(3):641–6.
Fiaschetti V, Pastorelli D, Squillaci E, Funel V, Rascioni M,
Meschini A, et al. Static and dynamic evaluation of pelvic floor
disorders with an open low-field tilting magnet. Clin Radiol.
2013;68(6):e293–300.
Beer-Gabel M, Teshler M, Schechtman E, Zbar AP. Dynamic
transperineal ultrasound vs. defecography in patients with evacuatory difficulty: a pilot study. Int J Colorectal Dis. 2004;19(1):60–7.
Beer-Gabel M, Carter D. Comparison of dynamic transperineal
ultrasound and defecography for the evaluation of pelvic floor
disorders. Int J Colorectal Dis. 2015;30(6):835–41.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

13

