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MRI findings before and after
prolapse surgery

Céline D Alt1, Kerstin A Brocker2, Florian Lenz3,

Christof Sohn2, Hans-Ulrich Kauczor1 and Peter Hallscheidt4

Abstract
Background: Therapeutical outcome after prolapse surgery is evaluated using a standardized grading system based on

maximum prolapse extent, which might not provide the full picture of the patient’s subjective outcome. We therefore

applied an evaluation method, which is detached from a grading system.

Purpose: To evaluate the impact of pelvic organ mobility in dynamic magnetic resonance imaging (MRI) before and after
mesh-repair surgery in patients with symptomatic pelvic organ prolapse.

Material and Methods: To obtain measurements, we performed parasagittal T2-weighted turbo spin echo sequence at

rest (TR, 3460ms; TE, 85ms; matrix, 512; slice thickness [ST], 5mm), parasagittal T2-weighted true fast imaging with

steady-state precession (TrueFISP) single-shot sequence during straining (TR, 397.4ms; TE, 1.5ms; matrix, 256; ST,

8mm), and parasagittal T2-weighted TrueFISP sequence at maximum strain (TR, 4.3ms; TE, 2.15ms; matrix, 256; ST,

5mm) at 1.5 T MRI. Pelvic organ prolapse (anatomical landmarks: bladder, cervix, pouch, rectum) was measured per-

pendicularly with reference to the pubococcygeal and the midpubic line. Pelvic organ mobility was defined as the

difference between the measured distance at rest and at maximum strain for each anatomical landmark. All patients
underwent mesh-repair procedure. Eighty patients could be included in this short-term follow-up study. Due to the

physical diagnosis of pelvic organ prolapse, 51 underwent anterior mesh repair, 16 underwent posterior mesh repair, and

13 underwent total mesh repair. Surgery was performed by one surgeon, using mesh implants from several

manufacturers.

Results: Median values of maximum organ prolapse for bladder, cervix, pouch, and rectum preoperatively were 2.54 cm,

0.33 cm, 2.47 cm, and 0.32 cm, respectively, and 12 weeks postoperatively 0.87 cm, �1.79 cm, 1.49 cm, and 0.49 cm,

respectively. Highly significant improvement (P< 0.001) of pelvic organ mobility was observed in the treated compart-

ment at 4- and 12-week follow-up. Physical evaluation 12 weeks after mesh-repair showed an asymptomatic POP-Q stage
I, if any.

Conclusion: Dynamic MRI is useful in visualizing the maximum extent of pelvic organ prolapse, as the evaluation of

pelvic organ mobility documents the intraindividual therapeutic outcome detached from a grading system based on

maximal prolapse values.
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Introduction

Pelvic floor dysfunction, including pelvic organ pro-

lapse (POP) and pelvic floor relaxation, is increasing

in middle-aged and older women (1,2). It is often

accompanied by a variety of symptoms, such as urin-

ary, bowel, or sexual dysfunction. Findings such as

cystocele, uterine prolapse, enterocele, and rectocele
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are frequently combined, as pelvic floor disorder is

often complex. The aforementioned symptoms may

greatly affect the patient’s subjective quality of

life (3,4).

Polypropylene meshes are being used increasingly

frequently in reconstructive surgery of POP and are

comparable to meshes that are successfully used in

hernia surgery (5–7).

The therapeutic outcome after mesh-repair surgery is

commonly assessed by physical examination or by

intravaginal or perineal ultrasound (8). At present,

ultrasound is the only method able to delineate the

implanted mesh beneath the vaginal epithelium.

However, the mesh position cannot be completely eval-

uated and the overall postoperative success of recon-

structive surgery visualized, e.g. whether the

sacrospinal ligament has been reached with a six-

point mesh. Another imaging modality that can be

considered to evaluate surgery outcome is magnetic res-

onance imaging (MRI), preferably dynamic (8–10).

MRI can be used to gather indirect information

about the supporting effects of mesh repair for POP

before and after surgery. Dynamic MRI also provides

an overview of the pelvis and the relationship between

pelvic organs. Any defects can be shown in their entir-

ety. To grade POP, the maximum descent of the pelvic

organs needs to be detected at maximum strain. In con-

trast to clinical POP grading systems, such as POP-Q

used by the International Continence Society (ICS),

MRI defines POP with reference to the level of the

pelvic floor and not to the introital area. This makes

it difficult to compare clinical and radiological POP

grading.

The present study focuses on the image results and

was designed to search for a further possibility to evalu-

ate therapeutical outcome in patients with pelvic organ

prolapse after mesh repair surgery detached from a

grading system based on maximal extent of POP,

having in mind, that every patient has an individual

physiology in straining.

Material and Methods

The research was conducted according to the

Declaration of Helsinki as revised in 2008, and the

study proposal was approved by the local ethics com-

mittee. The study was designed and performed as a pro-

spective, controlled clinical trial.Women aged>18 years

with symptomatic POP were examined by the

Department of Gynecology and Obstetrics in our hos-

pital. The ICS POP-Q scoring system was used for phys-

ical staging of POP and to establish the indication for

mesh-repair surgery (POP-Q stage III or symptomatic

lower stage) (11). All patients underwent a preoperative

dynamic MRI examination, which had no influence on

the indication for reconstructive surgery. Follow-up by

dynamic MRI was performed at the same follow-up

interval on physical re-evaluation.

Patient preparation

The patients were asked not to void their bladder 1 h

before imaging to ensure a moderately filled bladder. A

total of 20mL sterile ultrasonic gel (Endosgel�, Farco-

Pharma GmbH, Köln, Germany) was inserted into the

vagina for better demarcation of the vaginal wall and

the cervix. The women were carefully instructed by the

physician on how to perform straining (Valsalva

maneuver).

MRI examination

MRI was performed with a 1.5 T scanner

(Magnetom Symphony, Siemens, Erlangen,

Germany) preoperatively and 4 and 12 weeks after

reconstructive surgery with patients laying in a

supine position, the knees elevated on a high pillow

to allow abdominal pressure to be exerted on the

pelvic floor more easily.

A predefined protocol of sequences was performed

in all patients, including the following to evaluate POP:

mid-sagittal T2-weighted turbo spin echo sequence at

rest (TR, 3460ms; TE, 85ms; FOV, 300mm; matrix,

512; ST, 5mm), mid-sagittal T2-weighted TrueFISP

single-shot sequence during straining (TR, 397.4ms;

TE, 1.5ms; FOV, 300; matrix, 256; ST, 8mm), and

mid-sagittal T2-weighted TrueFISP sequence at max-

imum strain (TR, 4.3ms; TE, 2.15ms; FOV, 330;

matrix, 256; ST, 5mm). The duration time of the

dynamic single shot sequence with three slices and 15

repeating measurements as well as the sequence at max-

imum strain is about 18 s each. In addition, the proto-

col included high-resolution T2-weighted turbo spin

echo (TR, 3460ms; TE, 88ms; FOV, 300; matrix,

512; ST, 6mm) and T1-weighted fl2d (TR, 132ms;

TE, 4.76ms; FOV, 380; matrix, 256; ST, 6mm)

sequence in an axial plane.

Image analysis

All MR images were interpreted by two radiologists

(CDA and PH) experienced in the field of urogenital

imaging with 4 and 16 years of experience in consensus

reading. The observers were trained in measuring POP

prior to the study. To measure POP, mid-sagittal

sequences at rest and at maximum strain were used.

In the TrueFISP single-shot sequence, patient compli-

ance on abdominal pressure during straining was ver-

ified by small bowel movement and movement of the

abdominal wall.
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Measurement methods

Measurements of all three examinations of a certain

patient were performed in one session. Two lines of

reference were used in our study to measure POP:

The first was the pubococcygeal (PC) line, a straight

line from the inferior part of the pubic symphysis to

the last visible coccygeal joint, the second was the mid-

pubic line (MPL), a straight line through the longitu-

dinal axis of the pubic symphysis (8,9,12–17). There are

four anatomical landmarks to measure POP by MRI,

based on the ICS POP-Q criteria: the bladder neck (B),

the anterior part of the cervix (C) or the vaginal vault

after hysterectomy, the pouch of Douglas (P), and the

anterior rectal wall (R) (Fig. 1) (1,11,12,14,16,18). The

PCL is used for B, C, and P, while the MPL is used for

R to reduce the number of false-positive rectoceles

(1,12,19–22).

The perpendicular line from each anatomical land-

mark to the respective line of reference was drawn on a

parasagittal plane at rest and at maximum strain (9). By

definition, POP is present if the anatomical landmark

falls below the line of reference during straining.

Measured distances (cm) are positive if the landmark

position is below the line of reference, and negative if

the position is above it (Fig. 1). The differences between

the measured distances at rest and at maximum strain

for each antomical landmark (B, C, P, R) were calcu-

lated before and after surgery to define POM as an

indicator for the therapeutic outcome.

Surgical treatment

In the Department of Gynecology and Obstetrics in our

hospital, three types of mesh from different manufac-

turers were implanted: an anterior mesh if the symp-

tomatic prolapse presented in the anterior

compartment (cystocele, uterine prolapse), a posterior

mesh for symptomatic prolapse of the posterior com-

partment (rectal descent), and a total or combined

anterior/posterior mesh if all compartments were

symptomatically involved in POP (including entero-

celes). All women were treated by the same experienced

pelvic floor surgeon (FL). The readers were not

informed on the type of surgery performed in each

patient.

Statistical analysis

Analysis was performed using descriptive statistics. The

numerical differences of the anatomical landmark pos-

ition at maximum strain and at rest were calculated for

all three time points. The mean value of the numerical

differences, the standard deviation, and the median

value were calculated and Student’s t-test was used to

calculate P values between the three time points

(Microsoft�Excel�, version 12.2.8). Statistical signifi-

cance was defined as P< 0.05.

Results

Between February 2008 and August 2009, a total of 130

consecutive patients underwent preoperative dynamic

MRI after giving written informed consent. Fifty

patients were excluded from the study (Fig. 2). In

total, 80 patients were included in this short-term

follow-up study. The median age of the study popula-

tion was 66 years (range, 41–87 years). Due to the phys-

ical diagnosis of POP, 64% underwent anterior mesh

repair (n¼ 51), 20% posterior mesh repair (n¼ 16), and

16% total mesh repair (n¼ 13) (Table 1).

Measurement results for POP and POM

Total study population. Eighty patients underwent all

three examinations and were included in the study.

The median values of maximum bladder prolapse

were 2.54 cm (preoperatively), 0.26 cm (at 4 weeks),

and 0.87 cm (at 12 weeks); the median values of max-

imum uterine prolapse were 0.33 cm, �1.76 cm, and

�1.79 cm, respectively; of maximum prolapse of the

pouch of Douglas 2.47 cm, 1.03 cm, and 1.45 cm,

Fig. 1. Sagittal T2-weighted TSE sequences at rest demonstrating the measurement techniques used: (a) anatomical landmarks:

bladder base, cervix, pouch of Douglas, anterior rectal wall; (b) lines of reference: pubococcygeal line, midpubic line; (c) measurement

procedure: perpendicular line from each anatomical landmark to the respective line of reference. B, bladder base; C, cervix; MPL,

midpubic line; P, pouch of Douglas; PCL, pubococcygeal line; R, anterior rectal wall.
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respectively; and of maximum rectal prolapse 0.32 cm,

�1.05 cm, and 0.49 cm, respectively.

For POM, the overall median value of preoperative

bladder descent was 3.09 cm, of uterine descent 2.40 cm,

of descent of the pouch of Douglas 2.24 cm, and of

rectal descent 1.45 cm (Table 2).

There were very highly significant differences

(P� 0.0001) between the 4-week follow-up and the ini-

tial examination as well as between the 12-week follow-

up and the initial examination regarding POM of the

anterior and middle compartment, and highly signifi-

cant differences in the posterior compartment

(P� 0.001). There were no significant differences

between 4 and 12 weeks regarding the POM of all

three compartments (Table 2).

Anterior mesh repair. A total of 51 patients underwent

anterior mesh repair. The median values of maximum

bladder prolapse were 3.59 cm (preoperatively), 0.26 cm

(at 4 weeks), and 1.1 cm (at 12 weeks); the median

values of maximum uterine prolapse were 0.33 cm,

�2.35 cm, and �1.94 cm, respectively; of maximum

prolapse of the pouch of Douglas 2.27 cm, 0.97 cm,

and 1.45 cm, respectively; and of maximum rectal pro-

lapse �0.02 cm, �0.93 cm, and �0.64 cm, respectively.

Fig. 2. Flowchart of the study population, including the reasons for exclusion.

Table 1. Patient population with symptomatic pelvic organ prolapse undergoing surgical mesh repair, n¼ 80.

Gynecologic grading (ICS score)

0 I II III IV Total

Cystocele 14 11 18 32 5 80

Uterine prolapse 51 8 15 4 2 80

Enterocele 64 6 2 6 2 80

Rectocele 20 16 21 21 2 80

Anterior mesh repair 51

Posterior mesh repair 16

Total mesh repair 13

Total 80

ICS, International Continence Society.
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Regarding POM before surgery, the median value of

bladder descent on dynamic MRI was 3.79 cm, of uter-

ine descent 2.38 cm, of descent of the pouch of Douglas

2.09 cm, and of rectal decent 1.19 cm. Four weeks after

surgery, a decrease in organ descent was observed in all

compartments, especially in the anterior one. After 12

weeks, the cervix and the pouch of Douglas were stable,

while a slight increase in descent was observed in the

bladder base and a moderate increase in the anterior

rectal wall (Table 3, Fig. 3).

In terms of POM, there were very highly significant

differences (P� 0.0001) in bladder descent 4 and 12

weeks after surgery, highly significant differences

(P� 0.001) in uterine descent 4 and 12 weeks after

mesh repair, and significant differences (P< 0.05) in

descent of the pouch of Douglas 4 and 12 weeks after

mesh repair. No significant differences were observed in

rectal descent (Table 3).

Posterior mesh repair. A total of 16 patients underwent

posterior mesh repair. The median values of maximum

bladder prolapse were 0.135 cm (preoperatively),

0.42 cm (at 4 weeks), and 0.31 cm (at 12 weeks); the

median values of maximum uterine prolapse were

�0.29 cm, �0.96 cm, and �1.56 cm, respectively; of

maximum prolapse of the pouch of Douglas 3.32 cm,

1.25 cm, and 1.90 cm, respectively; and of maximum

rectal prolapse 0.38 cm, �1.11 cm, and �0.44 cm,

respectively.

Regarding POM before surgery, the median value of

bladder descent on dynamic MRI was 1.34 cm, of uter-

ine descent 1.62 cm, of descent of the pouch of Douglas

Table 3. Overall results of pelvic organ mobility preoperatively and at short-term follow-up (4 and 12 weeks) after reconstructive

surgery using anterior mesh repair, n¼ 51.

� B0 � B4 � B12 � C0 � C4 � C12 � P0 � P4 � P12 � R0 � R4 � R12

MV (cm) 3.59 1.12 1.41 2.40 1.16 1.15 2.37 1.34 1.62 1.45 0.98 1.07

SD (cm) �2.18 �0.90 �1.02 �2.47 �1.22 �1.19 �2.01 �1.47 �1.42 �1.15 �1.93 �1.01

Median (cm) 3.79 1.12 1.37 2.38 0.99 0.99 2.09 1.18 1.15 1.19 0.62 0.84

MVC – 70% 64% – 58% 58% – 43% 44% – 48% 29%

P value – 1.75*

e�09
1.21*

e�07
– 0.0003 0.0007 – 0.0027 0.016 – 0.096 0.075

P value

(12wk-4wk)

– – 0.060 – – 0.945 – – 0.163 – – 0.683

Total 51 51 51 51 51 51 51 51 51 51 51 51

4wk, 4 weeks; 12wk, 12 weeks; �, Difference at maximum strain minus at rest; B, bladder base; C, cervix; MVC, median value change to initial results

(%); MV, mean value; P, pouch of Douglas; pre, preoperative; R, anterior rectal wall; SD, standard deviation.

Table 2. Overall results of pelvic organ mobility preoperatively and at short-term follow-up (4 and 12 weeks) after reconstructive

surgery using mesh repair in total study population, n¼ 80.

� B0 � B4 � B12 � C0 � C4 � C12 � P0 � P4 � P12 � R0 � R4 � R12

MV (cm) 3.13 1.15 1.40 2.49 1.17 1.12 2.37 1.18 1.40 1.56 0.85 1.00

SD (cm) �2.21 �0.96 �1.08 �2.28 �1.20 �1.26 �1.89 �1.50 �1.55 �1.27 �1.66 �1.20

Median (cm) 3.09 1.13 1.38 2.40 1.06 1.00 2.24 0.99 1.03 1.45 0.64 0.88

MVC – 63% 55% – 56% 58% – 56% 54% – 56% 39%

P value – 5.66*

e�11
1.50*

e�08
– 1.25*

e�07
4.66*

e�07
– 4.01*

e�06
0.0001 – 0.001 0.0009

P value

(12wk-4wk)

– – 0.03 – – 0.75 – – 0.166 – – 0.99

Total 80 80 80 80 80 80 80 80 80 80 80 80

4wk, 4 weeks; 12wk, 12 weeks; �, Difference at maximum strain minus at rest; B, bladder base; C, cervix; MVC, median value change to initial results

(%); MV, mean value; P, pouch of Douglas; pre, preoperative; R, anterior rectal wall; SD, standard deviation.
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2.11 cm, and of rectal decent 1.98 cm. Four weeks after

surgery, a decrease in organ descent was observed in the

middle and posterior compartment, with no changes in

the anterior compartment. After 12 weeks, a decrease in

organ descent was observed in the bladder base and

cervix, while an increased descent of the pouch of

Douglas and the anterior rectal wall was seen

(Table 4, Fig. 4).

There were highly significant changes (P� 0.001) in

uterine decent 4 weeks after surgery, and significant

changes (P� 0.01) in rectal descent 4 and 12 weeks

after mesh repair. No significant changes were seen in

the anterior compartment or the pouch of Douglas,

even between 4 and 12 weeks (Table 4).

Total mesh repair. A total of 13 patients underwent total

mesh repair. The median values of maximum bladder

prolapse were 2.49 cm (preoperatively), 0.26 cm (at 4

weeks), and 0.9 cm (at 12 weeks); the median values

of maximum uterine prolapse were 0.78 cm, �1.59 cm,

Fig. 3. Short-term follow-up results for anterior mesh repair in a 65-year-old woman presenting on clinical examination with grade II

symptomatic cystocele and grade I uterine prolapse. Preoperative MRI at maximum strain showed severe cystocele, mild uterine

prolapse, and a rectal descent, without falling below the MPL. Even with filled bladder, there was no significant cystocele at 12 weeks

postoperatively, but better demarcation of the rectal descent, still without falling below the MPL. B, bladder base; C, cervix; MPL,

midpubic line; P, pouch of Douglas; PCL, pubococcygeal line; R, anterior rectal wall.

Table 4. Overall results of pelvic organ mobility preoperatively and at short-term follow-up (4 and 12 weeks) after reconstructive

surgery using posterior mesh repair, n¼ 16.

� B0 � B4 � B12 � C0 � C4 � C12 � P0 � P4 � P12 � R0 � R4 � R12

MV (cm) 1.34 1.24 1.15 1.91 1.20 0.82 2.31 1.06 1.16 1.98 0.70 0.76

SD (cm) �1.22 �1.25 �1.38 �1.64 �1.47 �1.54 �1.90 �1.42 �1.95 �1.53 �1.15 �1.73

Median (cm) 1.35 1.35 0.93 1.62 1.14 0.66 2.11 0.76 1.19 1.98 0.65 1.06

MVC – 0% 31% – 42% 59% – 64% 44% – 67% 46%

P value – 0.769 0.60 – 0.0008 0.024 – 0.016 0.108 – 0.006 0.006

P value

(12wk-4wk)

– – 0.782 – – 0.311 – – 0.830 – – 0.90

Total 16 16 16 16 16 16 16 16 16 16 16 16

4wk, 4 weeks; 12wk, 12 weeks; �, Difference at maximum strain minus at rest; B, bladder base; C, cervix; MVC, median value change to initial results

(%); MV, mean value; P, pouch of Douglas; pre, preoperative; R, anterior rectal wall; SD, standard deviation.
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and �1.71 cm, respectively; of maximum prolapse of

the pouch of Douglas 2.08 cm, 1.08 cm, and 0.55 cm,

respectively; and of maximum rectal prolapse 0.9 cm,

�1.06 cm, and 0.29 cm, respectively.

Regarding POM before surgery, the median value of

bladder descent on dynamic MRI was 3.32 cm, of uter-

ine descent 3.01 cm, of descent of the pouch of Douglas

2.83 cm, and of rectal decent 1.37 cm. Four weeks after

surgery, a decrease in organ descent was observed in all

compartments. After 12 weeks, a severely increased des-

cent was observed, especially for the anterior rectal wall

(Table 5, Fig. 5).

There were highly significant differences (P< 0.001)

4 weeks after surgery for the anterior compartment and

4 and 12 weeks after mesh repair for uterine descent.

Highly significant changes (P< 0.01) were observed

Fig. 4. Short-term follow-up results for posterior mesh repair in a 71-year-old woman presenting on clinical examination with grade

III symptomatic rectocele and grade II cystocele. Preoperative MRI at maximum strain showed mild cystocele, moderate traction

enterocele (passive descent of mesenteric fat without bowel loops), and mild rectal descent. Cystocele remained, while the posterior

compartment did not show any prolapse 12 weeks postoperatively. B, bladder base; C, cervix; MPL, midpubic line; P, pouch of Douglas;

PCL, pubococcygeal line; R, anterior rectal wall.

Table 5. Overall results of pelvic organ mobility preoperatively and at short-term follow-up (4 and 12 weeks) after reconstructive

surgery using total mesh repair, n¼ 13.

� B0 � B4 � B12 � C0 � C4 � C12 � P0 � P4 � P12 � R0 � R4 � R12

MV (cm) 3.54 1.15 1.70 3.53 1.14 1.37 2.43 0.68 0.84 1.44 0.52 0.98

SD (cm) �2.30 �0.84 �0.88 �1.91 �0.81 �1.17 �1.43 �1.69 �1.43 �1.35 �0.87 �1.14

Median (cm) 3.32 1.03 1.53 3.01 1.06 1.66 2.83 0.45 0.61 1.37 0.65 1.24

MVC (%) – 69% 54% – 65% 45% – 84% 78% – 52% 9%

P value

(4wk-pre)

– 0.0009 0.020 – 0.0004 0.0002 – 0.004 0.001 – 0.04 0.276

P value

(12wk-4wk)

– – 0.020 – – 0.45 – – 0.568 – – 0.160

Total 13 13 13 13 13 13 13 13 13 13 13 13

4wk, 4 weeks; 12wk, 12 weeks; �, Difference at maximum strain minus at rest; B, bladder base; C, cervix; MVC, median value change to initial results

(%); MV, mean value; P, pouch of Douglas; pre, preoperative; R, anterior rectal wall; SD, standard deviation.
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4 and 12 weeks for descent of the pouch of Douglas. No

significant changes were seen in the posterior compart-

ment or between 4 and 12 weeks after surgery in any

compartment (Table 5).

On physical evaluation after 4 and 12 weeks, all

patients had asymptomatic POP-Q stage I descent,

if any.

Discussion

Before planned surgical repair, a clear definition of all

structures involved in POP is essential. In addition to

clinical examinations, perineal ultrasound plays a

major role in urogynecology (8,23). It is cost-effective

and easily accessible, but evaluation depends on the

physician’s experience and is limited to a certain wave

depth into the tissue; as a result, the whole extent of

POP might not be seen (8). Thus dynamic MRI is an

increasingly accessible cross-section imaging modality

that can be used by a variety of disciplines (e.g. urogy-

necologists, urologists, surgeons) in a single patient. It

offers the advantage of visualization of POP without

overlapping, regardless of the extent of the prolapse

or which compartment is involved (8,24–26).

POP can be evaluated using dynamic parasagittal

TrueFISP sequences, while parasagittal and transversal

turbo spin echo sequences are useful for static

morphological evaluation; a predefined protocol with

a minimum of sequences may therefore involve a scan

time of about 15min.

We chose to use the two aforementioned reference

lines, as according to recent literature, the PCL is the

most frequently used line and the MPL reduces the

number of false-positive rectoceles. The four anatom-

ical landmarks preferred for measurement are estab-

lished and aligned to POP-Q landmarks (11–16,19–22).

So far, follow-up assessment after reconstructive sur-

gery using dynamic MRI has been performed in only a

few studies, although dynamic MRI may have the

potential to visualize the therapeutic outcome after sur-

gery and may determine re-prolapse at an earlier date

(14,24,27). Nevertheless, in this study and in all the

studies known to the authors that have been published

in this field, the meshes themselves cannot be visualized

by MRI. Thus only the indirect outcome of mesh sup-

port can be evaluated.

Due to the fact that dynamic MRI has several pro-

posed grading systems by numerous authors yet none

definite one, it was not the maximum extent of POP

before and after mesh surgery that was to be evaluated

and discussed in this study, but the mobility of the

pelvic organs themselves (1,12,19,25). Every woman

has a unique physiology in straining her pelvic floor

muscles. Comparison of maximal straining values

Fig. 5. Short-term follow-up results for total mesh repair in a 55-year-old woman presenting on clinical examination with grade II

symptomatic rectocele and grade III cystocele. Preoperative dynamic MRI at maximum strain showed severe cystocele and mild rectal

descent. At 12 weeks postoperatively, there was no pelvic organ prolapse in any of the three compartments. B, bladder base; C, cervix;

MPL, midpubic line; P, pouch of Douglas; PCL, pubococcygeal line; R, anterior rectal wall.
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only and their integration into a grading system might

not provide a full picture of the patient’s subjective

outcome of pelvic floor surgery. A question that

needs to be discussed is whether the surgical outcome

of each compartment can be seen individually for each

patient just from the numerical changes in the differ-

ence between values at rest and at maximum strain

without a clinical, subjective evaluation of the maximal

measured numbers.

To the best of our knowledge, this is the first study

to focus on evaluating POM.

While Siegmann et al. (14), Gufler et al. (24),

Goodrich et al. (27), Woodfield et al. (28), Brocker

et al. (29), and Rzepka et al. (30) compared the

degree of organ prolapse on dynamic MRI before and

after surgical repair to clinical examination or to the

results of a standardized questionnaire, we focused on

the images and evaluated the intraindividual POM

before and after mesh repair regarding the changes in

the numerical differences of the maximal extent during

straining and the pelvic organ position at rest.

However, a comparison of our study with those of

the above-mentioned authors is also only possible to a

limited extent as they evaluated fewer patients. Studies

involving a larger number of patients are rare.

Our results showed significant improvement of POM

for the treated compartment after surgery, whereas, as

expected, the untreated compartment did not show a

significant improvement.

Our data on the maximum extent during straining at

3-month follow-up in 80 patients did not show any

relevant POP in the untreated compartment, which is

in contrast to the findings by Siegmann et al. (11) after

evaluation of 15 patients in the same follow-up period.

It should be mentioned that 40 patients had to be

excluded from our study due to missing follow-up

data. The reason for the reduced patient compliance

might be dissatisfaction with the surgical result, which

may have resulted in a bias.

Moreover, the surgical technique, the choice of mesh

material, and the surgeon’s experience may influence

results. The fact that postoperative results showed sig-

nificant differences compared with preoperative results,

but no significant difference between 4 and 12 weeks,

suggests good patient compliance on both examin-

ations in terms of abdominal pressure. In addition, it

is an indication for sufficient mesh support after recon-

structive surgery without relevant re-prolapse of pelvic

organs, which correlates with the results of physical

examination at 3-month follow-up.

There are some limitations to our study. Due to a

patient population with predominantly gynecological

symptoms of pelvic floor dysfunction (anterior and

middle compartment), the rectum (posterior compart-

ment) was not opacified with gel, which may result in

missed diagnosis e.g. intussusception. Retrospectively,

there was no added value to the 4-week follow-up with

MRI compared to the 12-week follow-up, at which

point the patients are allowed to undergo normal phys-

ical work again. Therefore, the 12-week follow-up

alone may be sufficient as a predictor for short-term

therapeutic outcome. The comparison of newly devel-

oped symptomatic prolapse in the untreated compart-

ment to the report of prolapse in the untreated

compartment as visualized on the preoperative MRI

was not evaluated in this short-term follow-up study.

Also the impact of dynamic MRI for the management

of patients with pelvic organ prolapse compared to 3D

ultrasound or clinical examination alone was not out-

lined in this study.

In conclusion, dynamic MRI is useful in evaluating

POP, providing an overview of the entire pelvis and

visualizing the maximum extent of POP during

straining.

Evaluation of POM before and after mesh support

may be a promising method to evaluate the intraindi-

vidual therapeutic outcome in every woman with her

own straining physiology, detached from a grading

system based on maximal prolapse values.
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Five-year outcome after pelvic floor
reconstructive surgery: evaluation using
dynamic magnetic resonance imaging
compared to clinical examination and
quality-of-life questionnaire
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Abstract
Background: Dynamic magnetic resonance imaging (dMRI) captures the entire pelvis during Valsalva maneuver and

helps diagnosing pelvic floor changes after reconstructive surgery.

Purpose: To evaluate therapeutic outcome five years after reconstructive surgery using clinical examination, dMRI, and

quality-of-life (QOL) questionnaire.

Material and Methods: Clinical examination, dMRI, and QOL questionnaire were conducted before surgery and in the

follow-ups at 12 weeks, one year, and five years in women with pelvic organ prolapse (POP) stage �2. dMRI was

performed at 1.5-T using a predefined protocol including sagittal T2-weighted (T2W) sequence at rest and sagittal
T2W true-FISP sequence at maximum strain for metric POP measurements (reference points¼ bladder, cervix,

pouch, rectum). Pelvic organ mobility (POM) was defined as the difference of the metric measurement at maximum

strain and at rest.

Results: Twenty-six women with 104 MRI examinations were available for analysis. dMRI results mostly differ to clinical

examination regarding the overall five-year outcome and the posterior compartment in particular. dMRI diagnosed

substantially more patients with recurrent or de novo POP in the posterior compartment (n¼ 17) compared to clinical

examination (n¼ 4). POM after five years aligns to preoperative status except for the bladder. POM reflects best the

QOL results regarding defecation disorders.
Conclusion: A tendency for recurrent and de novo POP was seen in all diagnostic modalities applied. dMRI objectively

visualizes the interaction of the pelvic organs and the pelvic floor after reconstructive surgery and POM correlated best

with the women’s personal impression on pelvic floor complaints.
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Introduction

Pelvic organ prolapse (POP) represents a major public

health issue. Women with this disorder can suffer

from a severely decreased quality of life (QOL), such

as physical, emotional, and social distress often making

surgical interventions unavoidable (1). While there are

a number of classic surgeries known and well-practiced

in urogynecology (e.g. vaginal or abdominal hysterec-

tomy, colporrhaphy, or sacrocolpopexy), the past

decade in urogynecological surgery was influenced by

the use of alloplastic material when aiming for pelvic

floor reconstruction (2,3). Yet, the use of mesh material

in surgical POP treatment remains highly controversial

(4). Heterogeneous outcome results regarding prolapse

recurrences, mesh erosions, or dyspareunia have been

presented by numerous study groups often evaluating

clinical results within themselves or, when applying an

imaging tool, with ultrasound (US) (5). Pelvic floor US,

for example, has rapidly been optimized in its visual-

ization technique over the past years (e.g. three- and

four-dimensional (3D/4D) US technique) with reveal-

ing a great amount of detail (6–8). However, it still has

its limits as it cannot visualize all compartments at

once, every so often being handicapped in complex pro-

lapse situations and it is dependent on the experience

and handling technique of its applicant (8). Dynamic

magnetic resonance imaging (dMRI) is well-known to

be able to capture the entire pelvis and its organs during

Valsalva maneuver, allowing an objective view on

pelvic organ interactions using a standardized protocol

according to the current recommendations of the

European Society of Urogenital Radiology and the

European Society of Gastrointestinal and Abdominal

Radiology (9). Because dMRI could play a role in the

comprehensive evaluation of the postoperative pelvic

floor after reconstructive surgery, we evaluated the

medium-term follow-up results five years after vaginal

mesh repair gained from clinical urogynecological

examination (clinical examination), dynamic magnetic

resonance imaging (dMRI), and prolapse quality-of-life

(P-QOL) questionnaire. We present the surgical out-

come evaluated by clinical examination as standard

urogynecological procedure and focused on the evalu-

ation of metric dMRI results compared to clinical

examination and P-QOL.

Material and Methods

Study population

Between January 2008 and October 2009, 130 women

were enrolled and registered into a prospective database

as they received vaginal mesh repair due to a stage

3 or 4 or a symptomatic stage 2 prolapse according to

the simplified pelvic organ prolapse quantification

system (S-POP) (10,11). Institutional review board

approval was obtained (IRB-number: S-473/2007.

Amendment retrieved October 30th, 2012) and all

women gave written informed consent. Due to the diag-

nosis made by clinical examination, an anterior, poster-

ior, or combined anterior/posterior mesh repair was

applied to repair POP (12). The patients were initially

scheduled for five visits for clinical examination and

dMRI, before and four times after surgery (at four

weeks, 12 weeks, one year, and five years). At all

visits, they were also asked to reply a validated QOL

questionnaire that contains 34 questions, of which 18

questions concern the major symptoms of POP and 16

are grouped in nine domains related to particular

aspects of life (12,13). Clinical examination included

Graves speculum examination in the lithotomy position

and documentation of POP during Valsalva maneuver

(12). Recurrence was defined as S-POP� stage 2 in

women with the initial diagnosis of S-POP� stage 2

regarding the same reference point. De novo POP was

defined as S-POP� stage 2 in women with initial S-POP

stage 0 or 1 regarding the same reference point. dMRI

was performed at 1.5-T (Magnetom Symphony,

Siemens Medical Solutions, Erlangen, Germany)

using a predefined protocol including a T2-weighted

(T2W) high-resolution sequence in sagittal plane for

morphologic information and measurements at rest

and a T2W true-FISP sequence in sagittal plane

during straining and at maximum strain for metric

POP measurements (14). Evaluation of the validated

P-QOL questionnaire was performed to assess the

impact of vaginal mesh repair surgery on patients’

QoL (13,15). Subgroups of this database were previ-

ously analyzed and reported (12,14). In these, we con-

cluded that there was no added value to the four-week

follow-up with MRI compared to the 12-week follow-

up (12,14). Based on this, we did not include the four-

week data into this mid-term follow-up evaluation.

Patients were eligible for this analysis of longitudinal

mid-term follow-up results after vaginal mesh repair if

the pre-surgical examination, as well as the 12-week,

one-year, and five-year postsurgical examination triad

(clinical examination, dMRI, and QOL questionnaire),

was available.

MR measurements

To define POP on dMRI, the maximum organ descent

was measured at maximum strain in reference to the

pubococcygeal line (PCL) using the bladder neck (B),

the anterior cervical lip or vaginal vault after hysterec-

tomy (C), and the pouch of Douglas (P) as reference

points, according to the ESUR recommendations (9).

The measurement of the extent of an anterior rectal

wall bulge (R) was performed according to a line

Alt et al. 1265



drawn through the anterior wall of the anal canal (9).

Metric measurements (in cm) are positive if the position

of the reference point is below the PCL and negative if

the position is above it (9,14). While clinical termin-

ology defines S-POP stages, dMRI terminology defines

POP grades (9,10). We used the grading system recom-

mended by the ESUR (9). Recurrence was defined as

POP grade � 2 using the same criteria as defined for

clinical examination. We additionally evaluated the

therapeutic outcome detached from a grading system

by analyzing the pelvic organ mobility (POM), which

is defined as the difference of the metric measurement at

maximum strain to the measurement at rest for each

reference point (9,14). MR measurements were per-

formed in consensus reading by readers with up to

nine years of experience in pelvic floor MRI.

Statistical analysis

Wilcoxon signed rank tests were used to compare both

the POP stages by clinical examination and the POP

grades by dMRI of the different post-surgical visits to

the preoperative status. In addition, POM and max-

imum organ descent derived by dMRI was compared

between preoperative and post-surgical visits using t-

tests. ANOVA was used to compare QOL domains

between pre- and post-surgical visits. Continuous vari-

ables are presented as mean� standard deviation.

Distributions of stages/grades are described by

absolute frequencies. Due to the explorative character

of the study we did not adjust for multiplicity.

Statistical analyses were performed using R, version

3.2.3 (R Foundation for Statistical Computing,

Vienna, Austria).

Results

Twenty-six patients fulfilled the request of a complete

examination triad at all visits during a five-year post-

surgical period; therefore, 104 MRI examinations were

available for analysis (Fig. 1). The mean age of this

study cohort was 64� 10 years (range¼ 41–81 years).

Mean body mass index (BMI) was 28.06� 6.43 kg/m2.

Clinical urogynecological examination results

The S-POP stages derived by clinical examination

changed significantly at the 12-week follow-up for all

reference points and stayed significantly improved at

the one-year as well as at the five-year follow-up

(Tables 1 and 2). However, a recurrence was diagnosed

at the five-year follow-up in 38% of patients (10/26),

Fig. 1. Flowchart of the study cohort including mesh repair procedure.
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with one compartment involved in 90% and two com-

partments involved in 10%. De novo POP was diag-

nosed in 31% of patients (8/26), with one compartment

involved in 75% and two compartments involved in

22% (Table 1). Three patients were diagnosed with a

combination of recurrent and de novo POP (Table 1).

MRI results

The mean values of maximum organ descent improved

statistically significantly at the 12-week and one-year

follow-up, except for the measurements of rectal wall

bulges (R) (Fig. 2). At the five-year follow-up, however,

the measured values were approximately equal to the

preoperative status; moreover, the mean values for

rectal wall bulges were even worse than at the beginning

(Fig. 2). The results regarding the POP grade distribu-

tion derived by dMRI also showed statistically

significant improvement at the 12-week follow-up for

all reference points and at the one-year follow-up

except for rectoceles (Table 2). At the five-year

follow-up, the POP grade distribution was no longer

significantly improved for all reference points com-

pared to the preoperative status (Table 2).

A recurrence was diagnosed at the five-year follow-

up in 38% of patients (10/26), with one compartment

involved in 70% and two compartments involved in

30%. De novo POP was diagnosed in 46% of patients

(12/26), with one compartment involved in 83% and

two compartments involved in 17%. Five patients

were diagnosed by dMRI with a combination of recur-

rent and de novo POP.

Focusing on the five-year follow-up, clinical exam-

ination diagnosed slightly more patients with recurrent

or de novo POP in the anterior and middle compart-

ment (symptomatic cystocele or uterine prolapse)

Table 1. Urogynecological S-POP stage before surgery and five years after surgery.

Patient

no.*

Bladder Cervix/vaginal vault Pouch of Douglas Rectum

Pre 5-year FU Pre 5-year FU Pre 5-year FU Pre 5-year FU

1 3 0 2 0 3 0 0 0

2 3 0 0 0 0 2 d-n 0 1

3 3 2 r 0 0 0 1 0 1

4 4 1 4 0 4 0 4 0

5 0 2 d-n 4 2 r 0 0 0 2 d-n

6 3 0 3 0 0 0 2 2 r

7 3 2 r 3 0 0 0 2 0

8 3 0 2 0 0 0 2 0

9 2 2 r 3 0 1 0 1 0

10 3 0 3 0 3 0 0 0

11 3 1 1 0 0 0 1 2 d-n

12 3 2 r 1 3 d-n 3 0 1 1

13 3 0 0 0 0 0 2 0

14 3 2 r 0 0 0 0 1 1

15 3 1 0 0 0 0 2 2 r

16 3 1 0 3 d-n 0 0 0 0

17 3 1 0 0 3 1 3 0

18 2 3 r 3 2 r 1 1 1 0

19 3 0 3 0 3 0 2 0

20 0 0 0 0 1 0 3 0

21 1 2 d-n 1 0 3 0 3 0

22 2 0 0 0 0 0 3 0

23 0 1 0 0 3 0 3 1

24 1 1 2 0 0 0 3 0

25 0 2 d-n 0 0 3 0 3 1

26 0 2 d-n 0 2 d-n 3 0 3 2 r

*Anterior mesh repair (patients 1–16), total mesh repair (patients 17–19), posterior mesh repair (patients 20–26).

Pre, before surgery; S-POP, simplified pelvic organ prolapse quantification system; FU, follow-up; r, recurrent POP; d-n, de novo POP.
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Fig. 2. Development of pelvic organ decent over time assessed with dMRI.

Table 2. S-POP stages gathered by clinical examination and POP grades gathered by dMRI are given for each reference point at all

visits.

CE (S-POP-stage) dMRI (POP-grade)

P value*

(pre surgery vs. FU)

Reference point Visit 0 1 2 3 4 0 1 2 3 CE dMRI

Bladder Pre surgery 5 2 3 15 1 10 2 8 6 – –

12 weeks 19 6 1 0 0 15 11 0 0 <0.001 0.001

1 year 12 8 6 0 0 12 13 1 0 0.001 0.007

5 years 9 7 9 1 0 6 14 6 0 0.005 0.161

Cervix/Vaginal vault Pre surgery 12 3 3 6 2 16 4 5 1 – –

12 weeks 25 0 0 1 0 24 2 0 0 0.002 0.005

1 year 26 0 0 0 0 25 1 0 0 0.001 0.007

5 years 21 0 3 2 0 19 5 2 0 0.028 0.122

Pouch of Douglas Pre surgery 13 3 0 9 1 7 8 11 0 – –

12 weeks 24 0 1 1 0 14 10 2 0 0.003 0.001

1 year 18 6 2 0 0 11 12 3 0 0.012 0.005

5 years 22 3 1 0 0 12 8 5 1 0.003 0.057

Rectum Pre surgery 6 5 6 8 1 8 9 8 1 – –

12 weeks 20 5 0 1 0 1 12 12 1 0.001 0.029

1 year 17 8 1 0 0 4 7 15 0 <0.001 0.104

5 years 15 6 5 0 0 1 12 13 0 0.003 0.083

*Wilcoxon signed rank test using the individual not averaged POP stages/grades.

CE, clinical urogynecological examination; dMRI, dynamic magnetic resonance imaging; S-POP, simplified pelvic organ prolapse quantification system;

POP, pelvic organ prolapse.
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compared to dMRI (n¼ 9 vs. n¼ 8). However, dMRI

diagnosed substantially more patients with recurrent or

de novo POP in the posterior compartment (symptom-

atic enterocele or rectocele) compared to clinical exam-

ination (n¼ 17 vs. n¼ 4), including five patients with

persistent POP at all examination time points. Three of

them were evaluated as stage 0 by clinical examination,

one was diagnosed as recurrent rectocele stage 2, and

one was diagnosed as asymptomatic rectocele stage 1

(Fig. 3). Additionally, dMRI diagnosed three times

more often recurrent multicompartment defects and

slightly more one-compartment de novo POP as clinical

examination did.

Regarding the results for POM measurements at the

different time points, POM of the bladder showed the

largest correction at 12 weeks postoperatively and

stayed significantly improved at all examination time

points, even if the mean value slightly increased again

(Fig. 4). POM of the cervix/vaginal vault showed a

similar trend; however, the mean value was statistically

Fig. 3. A 41-year-old woman presenting with S-POP stage 3 for bladder and cervix, S-POP stage 0 enterocele, and S-POP stage 2

rectocele, who underwent anterior mesh repair with concomitant vaginal hysterectomy and MiniArc single-incision sling system by

American Medical Systems. At the 12-week follow-up, clinical examination showed S-POP stage 0 for all compartments. At the one-

year and five-year follow-ups, clinical examination diagnosed a recurrent rectocele S-POP stage 2, while all other compartments

showed no descent. On dMRI, a multicompartment defect was initially diagnosed with grade 3 for bladder and grade 2 for cervix,

pouch and rectum (a). At the 12-week follow-up (b), bladder descent grade 1 and vaginal vault grade 0 were diagnosed (enterocele and

rectocele: grade 2). At the one-year and five-year follow-ups (c, d), the bladder and vaginal vault were diagnosed with grade 0, while

the enterocele increased to grade 3 at the five-year follow-up with a stable grade 2 rectocele. The patient’s QOL data support these

results showing ‘‘general health perception’’ and ‘‘prolapse impact’’ mostly impaired before surgery, least impaired in the 12-week and

one-year follow-ups, and recurrently impaired again in the five-year follow-up. B, bladder; C, cervix; P, pouch of Douglas; R, rectum; V,

vaginal vault.
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significant improved only at the 12-week follow-up.

POM of the pouch of Douglas was reduced at the

12-week and one-year follow-ups, increasing again at

the five-year follow-up, with an even worse result than

preoperatively. On the contrary, POM of the rectum

worsened at the 12-week follow-up and slightly improved

at the one-year and five-year follow-ups (Fig. 4).

Symptom and QOL evaluation

Regarding the evaluation of the questionnaire for the

presence of urinary symptoms, minor improvement was

seen at the five-year follow-up with 18 of the initial 24

women stating they have remaining urinary symptoms.

Regarding the evaluation of the questionnaire for the

presence of defecation symptoms, no relevant changes

were seen at the five-year follow-up with all 21 women

stating they have remaining defecation problems. Six

women assessed their remaining defecation problems

as ‘‘being severe.’’ Of those, four were diagnosed with

a de novo rectocele (75% by dMRI, 25% by clinical

examination), one was diagnosed with a recurrent

rectocele by dMRI, and one patient presented with

only a stage/grade 1 rectocele. However, six of the

eight QOL domains evaluated by P-QOL showed sig-

nificant improvement (general health perception,

prolapse impact, role limitations, physical limitations,

social limitations, and emotions) (Table 3). Compared

to the pre-surgical results, the scores are lowest (QOL

increased) at 12 weeks after surgery and slightly

increase up to 20–60% of the pre-surgical score results

at the five-year follow-up (QOL decreased), while social

limitations showed the most constant improvement

over time (Table 3).

Discussion

Clinical examination is the standard urogynecologic

POP staging technique and enables the physician an

unneglectable personal and haptic impression on

patients’ pelvic organ behavior. However, dMRI has

proven to be a useful addition where clinical examin-

ation has technical limits and may determine POP recur-

rence at an earlier date (12,14,16). By using the cine

function, dMRI has the advantage of giving an objective

visual impression of the interaction of the pelvic floor

and the pelvic organs during straining without the influ-

ence of clinical examination tools and specula. It is more

observer-independent due to the use of a standardized

and predefined protocol and it also helps to gain know-

ledge of pelvic floor mechanisms and facilitates the diag-

nosis of complex disorders (9,14,16–19).

Fig. 4. Development of pelvic organ mobility over time assessed with dMRI.
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We set out to assess postsurgical pelvic floor behav-

ior in a medium-term follow-up of five years after vagi-

nal mesh repair by applying dMRI in comparison to

clinical examination and P-QOL questionnaire results.

The following facts were observed over the course of

this mid-term follow-up sample size study: (i) recurrent

and de novo POP was diagnosed by clinical examin-

ation as well as by dMRI; (ii) dMRI results mostly

differ to clinical examination results regarding the over-

all five-year outcome and the posterior compartment in

particular; (iii) POM after five years aligns to preopera-

tive status except for the bladder staying significantly

improved; (iv) dMRI results best reflect the gathered

QOL results regarding defecation disorders; (v) the

examination triad of clinical examination, dMRI, and

QOL questionnaire offers a holistic view of pelvic floor

behavior.

In general, our study cohort is comparable to those

of other studies in terms of BMI, age, and surgical data

(5,20,21). For this analysis, the 12-week follow-up

results served to monitor the anatomical cure rate of

the reconstructive surgery performed. Focusing on the

five-year follow-up, the total number of diagnosed

recurrent or de novo cystoceles were comparable

regarding clinical examination and dMRI results.

However, dMRI diagnosed four times more often

recurrent or de novo POP in the posterior compartment

compared to clinical examination. In particular, five

patients presented with persistent POP over the time

on dMRI, being undetected in four patients and diag-

nosed as recurrent rectocele in one patient by clinical

examination. In our study cohort, anterior mesh repair

was mostly performed and we observed that the

untreated posterior compartment had more hiatal

space to descend during post-surgical straining.

Regarding dMRI evaluation, POM pointed this out

clearer than POP grade did. However, this did not gen-

erally result in clinical POP diagnosis at the time of

evaluation.

The QOL outcome evaluated with the P-QOL ques-

tionnaire also worsened post surgery and thereby

underlines the impression gathered by clinical examin-

ation and dMRI of accumulated recurrent or de novo

POP occurring at the five-year follow-up. However, the

subjective impression of the therapeutic outcome

remains considerably improved for the treated

woman herself at the five-year follow-up compared to

pre-surgical results. This led to the presumption that

the POP stage gained clinically or the metric measure-

ments gained by imaging tools might best not be solely

used to evaluate the outcome after vaginal mesh repair

but to include the QOL evaluation in clinical routine to

get a comprehensive impression of the individual pelvic

floor disorder (1,15,22). Additionally, POM should be

evaluated if dMRI is performed, as these results

reflected best the gathered QOL results regarding defe-

cation disorders in our study cohort.

Physicians might be encouraged to apply all three

diagnostic modalities in their clinical routine, if pos-

sible, to gain a holistic view on pelvic floor behavior

pre surgery and after vaginal mesh repair. In the pre-

surgical setting, studies could show that dMRI led to

changes of the surgical therapy plan in 61% of patients

with POP and in 67% in patients with symptomatic

posterior compartment defect in particular (23,24).

Focusing on the posterior compartment, the differenti-

ation between a rectocele or an enterocele or the clear

identification of the content of a large enterocele can be

challenging during clinical examination alone, but

easily done by dMRI. If an enterocele is not recognized

in pre-surgical therapy planning, this might have a

direct consequence in the therapeutic outcome, e.g. per-

sistent impairment of QOL or re-surgery (25–27). In the

post-surgical setting, the examination triad helps to

identify those suffering from ongoing pelvic floor dis-

orders. It has the potential to raise awareness of per-

sistent, recurrent, or de novo disorders of the primarily

asymptomatic and initially untreated compartment.

Table 3. Pre- and post-surgical QOL results gathered with the German P-QOL questionnaire.*

Pre surgery 12 weeks 1 year 5 years P value

General health perception 58� 24.7 29.8� 15 29.7� 13.6 34.1� 14.5 <0.001

Prolapse impact 84.1� 19.4 20.1� 29.5 25� 28.6 36.4� 30.8 <0.001

Role limitations 70.1� 22.5 14.4� 26.1 23.3� 26.3 20.2� 23.9 <0.001

Physical limitations 71.8� 23.8 10.8� 23.4 14.9� 22.8 20.1� 25.2 <0.001

Social limitations 50.9� 30.8 7.9� 20.7 8.6� 17.2 8.2� 14.8 <0.001

Personal relationship 59.6� 36.1 15.4� 30 16.7� 19.2 35.5� 34.5 0.062

Emotions 35.3� 32 7.9� 24.1 13.2� 22.3 10.5� 18.7 0.006

Sleep/Energy 51.4� 28.8 25.4� 24.4 20� 23.3 38.1� 25.4 0.078

The eight quality-of-life life domains are presented as mean� SD comparison using ANOVA; the lower the score, the better the QOL.

*P-QOL questionnaire according to Lenz et al. and Digesu et al. [13,15].
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Additionally, the treated compartment can be followed

up and compared to the subjective patients’ impression

in order to detect recurrent or persistent POP. Early

detection of recurrent or de novo POP before being

finally symptomatic might help educate women on the

potential future behavior of their pelvic organs.

Furthermore, it provides the physician the ability to

focus on appropriate therapeutic options (e.g. risk

factor reduction, more intensive pelvic floor muscle

training) going forward.

Our study has some limitations. We are aware that a

substantial number of patients of the pre-surgical study

cohort (80%) was lost to follow-up for age-related or

personal reasons over the five-year period, which

resulted in a higher drop-out rate than Maher et al.

gathered in a Cochrane Systematic Review with rates

up to 53% (28). However, longitudinal mid-term

follow-up studies after vaginal mesh repair are scarce

and we could at least analyze 55% of the eligible five-

year patients of our cohort. Due to the small sample

size, no statistical subgroup analysis was performed for

the different meshes used. Pelvic floor US was not part

of the initial study design and was therefore not avail-

able for analysis. Besides the advantages of functional

cross-sectional imaging of the pelvic floor, dMRI is

more time-consuming and costly compared to other

evaluation methods such as clinical examination or

US limiting a widespread clinical application.

However, the additional costs may individually be

taken into consideration, e.g. in cases of complex

pelvic floor disorders including posterior compartment

defects or in symptomatic cases with influence on QOL

without clear clinical findings.

In conclusion, an overall good anatomical outcome

and patient satisfaction with a tendency for recurrent or

de novo POP was seen in all three diagnostic modalities

applied. Yet, if interpreted alone, clinical examination,

dMRI, and QOL evaluation might mislead the observer

in evaluating the therapeutic outcome. The combin-

ation of the three mentioned evaluation tools, however,

enables a holistic view on the pelvic floor behavior after

vaginal mesh repair. Focusing on dMRI, it objectively

visualizes the interaction of the pelvic organs and

the pelvic floor after reconstructive surgery. In particu-

lar, the evaluation of POM seems to correlate best

with women’s personal impression on pelvic floor

complaints.
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Abstract

Purpose To compare dynamic magnetic resonance imaging (dMRI) and introital ultrasound results with regard to urethral 

length measurements and the evaluation of bladder neck changes.

Methods Retrospective analyses of urethral length measurements and detection of bladder neck changes (rotated/vertical 

bladder neck descent, urethral funneling) were conducted in women—scheduled for surgical treatment with alloplastic mate-

rial—who had undergone introital ultrasound and dMRI presurgery and 3 months postsurgery. Measurement differences 

between both imaging modalities were evaluated by assessing the confidence interval for the difference in means between 

the datasets using bootstrap analysis.

Results Based on data from 40 patients (320 image series), the urethra could be clearly measured on every pre- and post-

surgical dMRI dataset but not on preoperative ultrasound images in nine women during Valsalva maneuver due to a large 

cystocele. The estimation of the mean difference distribution based on 500,000 bootstrap resamples indicated that the ure-

thral length was measured shorter by dMRI pre- and postsurgery at rest and postsurgery during Valsalva maneuver (median 

1.6–3.1 mm) but longer by dMRI (median 0.2 mm) during Valsalva maneuver presurgery. Rotated/vertical bladder neck 

descent and urethral funneling diagnoses showed concordance of 67–74% in the direct comparison of patients; the estimation 

of the concordance indicated poorer outcomes with 50–72%.

Conclusions Metric information on urethral length from dMRI is comparable to that from introital ultrasound. dMRI is more 

advantageous in cases with an extended organ prolapse. At present, dMRI does not give the same diagnosis on bladder neck 

changes as introital ultrasound does.

Keywords Introital ultrasound · Dynamic magnetic resonance imaging · Urethral length measurement · Bladder neck 

descent · Urethral funneling

Introduction

Pelvic floor dysfunction (PFD) is a widespread health issue 

with a high socioeconomic impact and is a steadily grow-

ing concern in women of increasing age [1, 2]. Due to an 

increasing demand for remedying therapeutic options, sur-

gical procedures utilizing alloplastic material to treat pelvic 

organ prolapse (POP) or stress urinary incontinence have 

been introduced in the past decade [3–6].

To provide an individually suitable therapeutic manage-

ment system for each patient, a presurgical overview of the 

pelvic floor and the entire pelvis to visualize all disorders 

leading to PFD has played an increasing role. In addition 

to a urogynecological examination, including an introital 

ultrasound, dynamic magnetic resonance imaging (dMRI) 

serves as an objective diagnostic imaging tool to supplement 

the clinical data in selecting surgical candidates and in plan-

ning repairs [7–9].

Focusing on the anterior compartment, the individual 

length of the urethra, together with obesity and vaginal 

deliveries, is an important factor for the therapeutic success 

of treating stress urinary incontinence using urethral sling 

procedures [10]. The optimal sling location is reported to 

be in the high pressure zone between 53 and 72% of the 

total urethral length, varying between 19 and 45 mm [10, 
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11]. Incorrect sling placement (e.g., particularly close to the 

bladder neck) is reported to be associated with persistent 

or recurrent incontinence [10, 12, 13]. Gaining a presur-

gical impression of the anterior compartment and the ure-

thral behavior under the Valsalva maneuver, in addition to 

measuring the urethral length, therefore, seems crucial, and 

Pomian et al. [10] proposed the use of ultrasound. They also 

stated that there are no data comparing the different methods 

of urethral length measurement, e.g., ultrasound and MRI 

[10].

The aim of this study was to directly compare dMRI 

and introital ultrasound with each other in women at rest 

and during the Valsalva maneuver before and after pelvic 

floor surgery. The focus was on the urethral length meas-

urement and the detection of bladder neck changes, particu-

larly rotated or vertical bladder neck descent and urethral 

funneling.

Materials and methods

Between January 2008 and July 2012 women with symp-

tomatic POP and/or stress urinary incontinence who were 

scheduled for surgical treatment with alloplastic material 

were included in a prospective longitudinal clinical single-

center study database for the evaluation of PFD pre- and 

postsurgery with dMRI after they had given their written 

informed consent. The study was approved by the insti-

tutional review board (trial number: S-473/2007) with an 

approved amendment dated October 30th, 2012.

For the intermodal comparison of urethral length meas-

urement and bladder neck changes, we retrospectively eval-

uated all women from the abovementioned database who 

had undergone an introital ultrasound in addition to clinical 

urogynecological examination and dMRI pre- and 3-months 

postsurgery. The time interval between ultrasound, which 

was performed directly after clinical examination, and dMRI 

was a maximum of 1 week in the preoperative setting and 

a maximum of several hours in the follow-up care. On the 

available image datasets, we focused on measurement of 

the total urethral length and on evaluating the urethral and 

bladder neck changes that were associated with the given 

pelvic floor disorder before and after surgery; specifically, 

we focused on rotated and vertical bladder neck descent and 

urethral funneling [14–16].

Ultrasound performance

An introital two-dimensional (2D) ultrasound was performed 

during the clinical urogynecological examination at rest 

and during the Valsalva maneuver with a moderately filled 

bladder, which is known to be more efficient for diagnos-

ing bladder neck disorders, especially funneling, and this 

was achieved by asking the patient not to void 1 h before 

the examination [17]. The examination was performed by 

an experienced gynecologist with greater than 5 years of 

specialization in urogynecology using a vaginal probe (Volu-

son e, General Electric, USA, E8C-RS, 4.0–10.0 MHz, fixed 

angle), which was placed in the vaginal introitus at the level 

of the external urethral orifice [18]. The ultrasound image 

evaluation within this trial was performed at a later time by 

the same urogynecologist by the measurement of the total 

length of the urethra along its long axis from the internal 

urethral orifice into the bladder to the most peripheral part 

inside the hypoechogenic part of the urethra [19, 20], and 

documentation of the presence of a rotated or vertical blad-

der neck descent or urethral funneling on the pre- and post-

surgical images (Figs. 1, 2).

MRI performance

The dMRI procedure was also performed with a moderately 

filled bladder by asking the patient not to void 1 h before 

the dMRI examination. Before the examination, the patients 

were instructed on how to correctly perform the Valsalva 

maneuver. The dMRI was performed with a 1.5 Tesla scan-

ner (Magnetom Symphony, Siemens, Erlangen, Germany) 

with patients lying in supine position, knees elevated on 

a high pillow, following a predefined sequence protocol 

including T2- and T1-weighted sequences in sagittal or axial 

plane [8]. Vaginal opacification was not mandatory. For this 

study, T2-weighted high-resolution images in the sagittal 

Fig. 1  Schematic drawing of the evaluated pathologies compared to a 

normal appearance: a normal anatomy; B bladder, BN bladder neck, 

V vagina, Ut uterus, PS pubic symphysis, U urethra, R rectum, LAM 

levator ani muscle complex; b urethral funneling; c rotated bladder 

neck descent; d vertical bladder neck descent
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plane at rest (TR 3460 ms, TE 85 ms, matrix 512, slice thick-

ness 5 mm, FOV 380 mm) and T2-weighted images in the 

sagittal plane at maximum strain (TR 4.3 ms, TE 2.15 ms, 

matrix 256, slice thickness 5 mm, FOV 330) were evaluated 

at a later time by an experienced radiologist with 6 years of 

specialization in pelvic floor imaging who was blinded to 

the clinical and ultrasound results. In accordance with the 

ultrasound evaluation, dMRI was used to measure the total 

urethral length along its long axis with the same endpoints 

defined by ultrasound and document the presence of bladder 

neck descent or urethral funneling (Figs. 1, 3).

Statistical analysis

Differences in the measurements between the imaging 

modalities (introital 2D ultrasound and dMRI) at the dif-

ferent examination time points (presurgery and postsur-

gery) and different functional status of the pelvic floor (at 

rest and during the Valsalva maneuver) were evaluated by 

assessing the confidence interval for the difference in means 

between the respective sets of data using bootstrap analysis. 

In particular, data were sampled at random (with replace-

ment) 500,000 times, and the respective differences were 

recorded. We deemed the differences between the two sets 

to be robust and, therefore, statistically relevant if the two-

sided 95% confidence interval did not include zero. This 

approach has the advantage over classical statistical testing 

in that it allows an inference of the underlying population 

rather than restricting the inference to within-sample effects. 

Congruency in the detection of bladder neck changes was 

treated as a classification problem and was likewise evalu-

ated by bootstrap resampling. In particular, we treated the 

ultrasound measurement as the standard and assessed the 

accuracy of MRI relative to ultrasound; i.e., we calculated 

the percentage of cases in which the two modalities yielded 

the same result.

Fig. 2  Images gained from introital ultrasound in three different 

women. Image quality varies due to default settings the US investi-

gator used for documentation (a, b) presentation of RBD and a cys-

tocele (*). (c, d) Presentation of VBD. (e, f) Presentation of urethral 

funneling. B bladder

Fig. 3  Images gained from dMRI in three different women. a, b 

Presentation of RBD and a cystocele. c, d Presentation of VBD. e, f 

Presentation of urethral funneling. In this patient, urethral measure-

ment and detection of bladder neck behavior were impossible using 

introital ultrasound due to the large enterocele. PS pubic symphysis, 

B bladder, Ut uterus, V vaginal vault, Ent enterocele, A anus

Author's personal copy
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Results

Study population

Forty women had undergone urogynecological surgery 

(Supplement Fig. 1) both imaging modalities at the pre- and 

3-months postsurgical examinations at rest and during the 

Valsalva maneuver were available and were included in the 

study. In total, 320 image series (160 per modality) were 

evaluated.

The median age of the study population was 66 years 

(range 45–83 years), and the median body mass index was 

25.5 kg/m2 (range 19.2–34.6 kg/m2).

Urethral length measurement

The urethra could be clearly measured on every pre- and 

postsurgical dMRI dataset. The measurement could not be 

performed on the preoperative ultrasound images of nine 

women during the Valsalva maneuver, mainly due to a large 

cystocele. The measurement of the urethral length was not 

performable in the postsurgical ultrasound images of one 

woman. The absolute values from the study cohort are given 

in Table 1.

The estimation of the mean difference distribution for 

the results of the dMRI evaluation compared to those of the 

introital ultrasound based on 500,000 bootstrap resamples 

indicated that the urethral length was shorter as measured 

by dMRI than as measured by ultrasound presurgery at rest, 

with a median of − 0.24 cm (95% CI − 0.43 to 0.06 cm), 

postsurgery at rest, with a median of − 0.31 cm (95% CI 

− 0.50 to 0.14 cm), and postsurgery during the Valsalva 

maneuver, with a median of − 0.16 cm (95% CI − 0.31 to 

0.04 cm) (Fig. 4a, b, d). However, at the presurgical exami-

nation during the Valsalva maneuver, the estimation of the 

mean difference distribution indicated that the urethral 

length as measured by MRI was longer, with a median of 

0.02 cm (95% CI − 0.17 to 0.21 cm) (Fig. 4c).

Detection of bladder neck changes

Rotated bladder neck descent and urethral funneling were 

diagnosed most in the preoperative settings in both modali-

ties, while only a small number of patients were diagnosed 

with vertical bladder neck descent (Table 2). The direct com-

parison per patient in our cohort showed concordance rang-

ing from 67 to 74%, while the estimation of the concordance 

indicated slightly poorer outcomes with 50–72% (Fig. 5).

Urethral funneling was diagnosed on dMRI in more 

than three-quarters of the patients postsurgery and on ultra-

sound in less than one-third of the patients (Table 2). The 

detection rate of bladder neck descent decreased from the 

pre- to postsurgical setting, except for vertical bladder neck 

descent (Table 2). The direct within-patient comparison in 

our cohort showed concordance ranging from 53 to 70%, 

while the estimation of the concordance indicated poorer 

outcomes with 40–68% (Fig. 5).

Discussion

Studies comparing results that were obtained by introital 2D 

ultrasound and pelvic dMRI in the same cohort, evaluating 

whether dMRI can give comparable quantitative informa-

tion, are seldom found in the literature to date [10]. The 

aim of this study was, therefore, to directly compare the two 

imaging modalities of dMRI and introital ultrasound with 

each other with regard to one measurement (urethral length) 

and three qualitative parameters (urethral funneling yes/no 

and vertical and rotated bladder neck descent yes/no), which 

were proposed to be crucial for gaining a presurgical impres-

sion of the anterior compartment [10].

By comparing the performance of the measurement of the 

urethral length and the diagnosis of bladder neck changes 

on introital ultrasound and dMRI in forty women before 

and after pelvic floor surgery, the following results were 

observed: (i) measurement of the urethral length might be 

hampered in the introital ultrasound images during the Val-

salva maneuver in women with extended pelvic floor disor-

ders, while it is feasible on dMRI in a manner independent 

of the individual pelvic floor condition; (ii) dMRI measure-

ment of the urethral length is comparable to that of introital 

ultrasound; and (iii) the diagnostic agreement between dMRI 

Table 1  Absolute values of urethral length measurement in our study 

cohort

dMRI dynamic magnetic resonance imaging, SD standard deviation, 

CI confidence interval

dMRI

Number Mean SD 95% CI Range

Urethral length measurement (cm)

 Presurgical (rest) n = 40 2.15 0.38 2.03;2.27 1.29–2.98

 Presurgical (Vals-

alva)

n = 40 2.18 0.39 2.06;2.31 1.32–3.07

 Postsurgical (rest) n = 40 2.04 0.38 1.92;2.16 1.21–2.75

 Postsurgical (Val-

salva)

n = 40 1.99 0.42 1.86; 2.12 1.04–2.74

Introital ultrasound

 Presurgical (rest) n = 39 2.39 0.44 2.25;2.53 1.40–3.30

 Presurgical (Vals-

alva)

n = 30 2.12 0.49 1.93;2.28 1.15–2.80

Postsurgical (rest) n = 40 2.35 0.48 2.20;2.50 1.20–3.70

 Postsurgical (Val-

salva)

n = 39 2.15 0.41 2.03; 2.29 1.37–3.17
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and introital ultrasound for bladder neck changes is only 

mild to moderate.

Due to several advantages, e.g., its widespread avail-

ability, cost-effectiveness and ability to produce real-time 

viewing, introital ultrasound remains the mainstay for most 

clinical situations regarding pelvic floor disorders [21]. Nev-

ertheless, introital ultrasound is dependent on the examiner, 

and the image datasets might be difficult to evaluate, espe-

cially at a later time point, e.g., during an interdisciplinary 

in-house conference for treatment planning when severe 

or multicompartment prolapse conditions are present. The 

dMRI method, however, has its pivotal strength in objec-

tively visualizing all pelvic compartments free of overlap, 

and it gives a reproducible impression of the pelvic organ 

behavior during the Valsalva maneuver using a cine mode 

[3, 8, 9, 22]. Comparing the values of the urethral length 

described by Pomian et al. using ultrasound (mean 3.01 cm, 

range 1.9–4.5 cm) and Umek et al. using axial MR images 

Fig. 4  Estimation of the mean difference distribution for the meas-

urement values of the urethral length (value measured on MRI minus 

value measured on ultrasound) based on 500,000 bootstrap resamples 

for both time points (presurgery and postsurgery) at rest and during 

the Valsalva maneuver. Negative values indicate that the urethral 

length was measured as shorter on MRI than on US. MRI magnetic 

resonance imaging, US ultrasound

Table 2  dMRI and introital ultrasound results and the within-patient 

concordance in the study cohort

dMRI dynamic magnetic resonance imaging, IU introital ultra-

sound, RBD rotated bladder neck descent, VBD vertical bladder neck 

descent, UF urethral funneling, yes both modalities detected the 

pathology, no the pathology was not detected on either modality

dMRI IU Concordance (%)

Presurgical n = 39

 RBD 22 20 29 (74.0) [16 yes, 13 no]

 VBD 6 7 28 (72.0) [1 yes, 27 no]

 UF 24 20 26 (67.0) [15 yes, 11 no]

Postsurgical n = 40

 RBD 13 8 27 (67.5) [4 yes, 23 no]

 VBD 10 7 28 (70.0) [3 yes, 25 no]

 UF 31 12 21 (52.5) [12 yes, 9 no]
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(mean 2.40 cm, range 2.0–3.5 cm), the urethral length was 

measured shorter for each modality in our study cohort 

[10, 23]. Comparing the values of the functional urethral 

length described by Nager et al. [24] during urodynam-

ics (3.20 cm, range 0.1–5.0 cm), the mean values of our 

cohort were lower, however, the absolute values were in the 

given range. This supports the statement of Pomian et al. 

[10] that there is a fairly wide dispersion of urethral lengths, 

regardless from the used method. Based on our results, how-

ever, the expected intermodality difference of 0.2–2.4 mm 

between introital ultrasound and dMRI in the same cohort, 

when estimating a large cohort using bootstrap analysis, can 

be ignored. A larger study cohort is needed to prove these 

results.

The detection of bladder neck changes, however, showed 

more heterogeneous results. The diagnostic agreement 

between dMRI and introital ultrasound was best for vertical 

bladder neck descent, followed by the diagnosis of rotated 

bladder neck descent and last of all for urethral funneling. A 

reason for these discordant results might be a variance in the 

bladder filling at the different examination time points. The 

bladder volume is known to have an influence on the mobil-

ity of the urethrovesical junction, and funneling is more eas-

ily observed with a full bladder [17]. Another explanatory 

aspect might be the fact that the ultrasound investigator was 

not blinded to the diagnosis defined during clinical exami-

nation as was the radiologist, which might have biased the 

assessment of bladder neck changes, especially funneling. 

Additionally, variation in patient positioning (supine posi-

tion during dMRI compared to the more upright sitting posi-

tion during introital ultrasound) or an unintentional pressure 

with the ultrasound probe might have an impact on the visu-

alization of bladder neck changes in the direct comparison 

of each patient and image modality. Another explanatory 

aspect for these divergent results might be a varying personal 

behavior of an individual woman who is potentially embar-

rassed while a physician is examining her with an ultra-

sound probe simultaneously during the Valsalva maneuver, 

Fig. 5  Estimation of the mean difference distribution for the over-

all accuracy of both imaging modalities regarding the presence or 

absence of bladder neck changes based on 500,000 bootstrap resam-

ples. RBD rotated bladder neck descent, VBD vertical bladder neck 

descent, UF urethral funneling, pre presurgical, post postsurgical
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whereas no such interaction takes place during the dMRI 

examination. Since introital ultrasound served as the gold 

standard, we were unable to evaluate whether the dMRI-

based diagnosis was true in an individual patient when the 

ultrasound did not show bladder neck changes. This might 

be an interesting question to be answered in further studies.

It is obvious that there are far more possibilities to 

observe and evaluate when using introital 2D ultrasound 

and dMRI; however, this study focused on the comparabil-

ity of the two different image modalities regarding urethral 

behavior.

Despite the fact that we are of the opinion that dMRI can 

be very valuable in the preoperative assessment of patients 

suffering from PFD, we are aware of the time-consuming 

and expensive nature of dMRI in a normal clinical setting, 

which thus limit its use. We acknowledge that our data-

base contained a relatively small number of patients who 

underwent introital 2D ultrasound during a urogynecologi-

cal examination and we, therefore, statistically enlarged the 

cohort by performing a bootstrap analysis.

Conclusion

From our results, we conclude that metric information on the 

total urethral length from dMRI is comparable to that from 

introital ultrasound and is, therefore, suitable for treatment 

planning. The dMRI method is more advantageous in cases 

with an extended organ prolapse during the Valsalva maneu-

ver. To date, however, dMRI does not give the same diag-

nosis on bladder neck changes as introital ultrasound does.
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Aims: Measurements indicating a loss of integrity of the levator ani muscle, which is an integral part of the pelvic
floor, have been subject of recent studies using translabial ultrasound and 3D-MRI-models. We transferred these
measurements into 2D-3T-MR-images for clinical routine, as it is objective and does not need exhaustive post-
processing.Methods: The trial was accepted by the local ethics committee. 25 healthy volunteers fulfilled the inclusion
criteria and gave written informed consent. Using high-resolution T2-weighted images (TE 5030–7810ms, TR 88–
112ms,matrix 512, FOV280–300mm, ST 2–3mm),measurements of anteroposterior hiatus (APH), laterolateral hiatus
(LLH), hiatal area (HA), hiatal circumference (HC), levator area (LA), maximum muscle thickness (MMT) and levator
urethra gap (LUG) were transferred from ultrasound, iliococcygeus width (IW), puborectalis attachment width (PAW),
and levator symphysis gap (LSG)were transferred from 3D-MRI-models.We compared our results to previous studies in
the literature. Results: Mean value was 52.22�6.97mm for APH, 33.15� 4mm for LLH, 13.22� 3.05 cm2 for HA,
14.19� 1.61 cm for HC, 7.14� 1.85 cm2 for LA, 6.45�2.07mm forMMT, 19.47� 2.38mm for LUG, 45� 3.97mm for IW,
33.94� 3.34mm for PAW, 20.54� 5.29mm for LSG. Our results for APH, HA, LUG, and with limitations LA, were
comparable to the literature, while HC, LLH, and MMT showed anatomical variances. Results for IW and LSG were
comparable, but challenging to measure. We newly proposed a cutoff value for PAW. Conclusions: 2D-3T-MRI
combines high-resolution images with objective measurements of parameters regarding pelvic floor integrity, without
resorting to exhaustive post-processingmethods. Our resultsmay provide a good foundation for further 2D-MR-studies.
Neurourol. Urodynam. # 2014 Wiley Periodicals, Inc.

Key words: female pelvic floor; healthy volunteers; magnetic resonance imaging; muscle avulsion; pubovisceral
muscle

INTRODUCTION

Translabial 3D ultrasound and magnetic resonance imaging
(MRI) have each been proven to be useful in detecting defects of
the pubovisceral muscle, correlating well to the symptomatic
historyofpatientsandprovidingsafelyapplicablediagnostic tools
without radiation.1–3 Cost-efficient translabial ultrasound is
especially well established in the clinical routine for visualizing
defects and for permitting measurement of parameters such as
the hiatal area, the hiatal circumference, or the levator urethra
gap, which are indicators of a pelvic floor muscle avulsion.3–7

Translabial ultrasound however also has its limitations as it
requires experienced observers to be reproducible.4,8

MRI makes it possible to obtain high-resolution images of
pelvic floor structures in two or three dimensions by using a
1.5 T or even better a 3 T scanner. This produces in particular
higher soft tissue contrast and better resolution.9–11

In some recent studies, 3D-MR-models were constructed
using a special postprocessing software for measuring param-
eters such as the iliococcygeus width, the puborectalis
attachment width, or the levator symphysis gap.11

Irrespective of the imaging modality, reference values and
anatomic norm variants of the levator ani muscle complex in
young and healthy nulliparous women need to be known to
correctly recognize muscle avulsion in affected women.1,3,12

2D-3 T-MRI of the pelvic floor with its high resolution
contrast may combine the detection of muscle avulsion, the

reproducibility of the performed measurements, and the
implementation in clinical routine without exhaustive
postrocessing methods. We therefore compared our results
of 25 nulliparous volunteers with references in the literature
using translabial 3D ultrasound or 3D-MR-models.

MATERIALS AND METHODS

This is a descriptive cross-sectional study. The trial protocol
was approved by the local ethics committee, and the studywas
designed in accordance of the Declaration of Helsinki. Inclusion
criteria for this trial were age �18 years, healthy and
nulliparous condition, body mass index < 30 kg

m2, and a written
informed consent to participate in this study.
Exclusion criteria were pelvic floor dysfunctions (e.g., urinary

or fecal incontinence, pelvic organ prolapse) or previous pelvic
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floor surgery, pregnancy, age <18 years, smokers, metal
implants, or claustrophobia. Pelvic organ prolapse and urine
or fecal incontinence was determined, that is, excluded with
anamnesis and by applying standard gynecological clinical
examination and cough test with full bladder, according to the
ICS classification.13 Twenty-five healthy volunteers were
included in the study.

The examinationwas performedusing a 3T scanner (TIMTrio,
Siemens, Erlangen, Germany). An external phased-array body
coil was employed that was centered at the lower pelvis in a
supine position. Therewas no special preparation of thewomen,
and no contrast medium was administered intravenously.

Static native T2-weighted turbo spin echo sequences were
acquired in the axial plane (TR 6820ms, TE 112ms, ST 3mm,
matrix 512, FOV 300mm), midsagittal plane (TR 5030ms, TE
88ms, ST 3mm, matrix 512, FOV 280mm), and coronal plane
(TR 7810, TE 88ms, ST 2mm, matrix 512, FOV 280mm). Section
orientation of the axial plane was parallel to the horizontal
line—specifically the levator hiatus—defined as a straight line
from the inferior margin of the pubic symphysis to the
posterior part of the puborectalis sling.14,15

Measurement of the parameters was performed off-line at a
PACS workstation (Centricity PACS, GE Healthcare, Milwaukee,
Wisconsin). Two examiners (first author with 8 years and
second author with 1 year of experience in pelvic floor MRI)
performed the measurements in consensus reading.

All of our statistical analyses are descriptive in nature. We
calculated the empirical distribution of measurements, such as
mean values and standard deviations.

Observed means were compared to the reference values from
the literature by using a two-sided one sample t-test. Compari-
son to the reference values could not be performed by a two
sample test, as the corresponding standard deviations were not
all given in the literature. Reported P-values are not adjusted for
multiplicity and should therefore be interpreted descriptively.

Measurement Parameters

Weperformedmeasurements of 10 parameters, all indicators
for muscle avulsion or pelvic floor weakness. The anteropos-

terior hiatus is measured by ultrasound on the sagittal plane
from the inferior aspect of the pubic symphysis to the inner
aspect of the pubovisceral muscle at the anorectal angle,
representing the minimal hiatal dimension.4,7 At this level, the
laterolateral hiatus is measured on an axial plane as the
distance between the most medial parts of the pubovisceral
muscle on each side.4,7

The hiatal area and the hiatal circumference were measured
on the same axial MR image at the level of the minimum hiatal
dimension (Fig. 1a). To calculate the levator area, the
circumference including the pubovisceral muscle was mea-
sured and the hiatal area was subtracted (Fig. 1b).
The muscle thickness of the pubovisceral muscle can be

bilaterally measured and may be an indicator of muscle
avulsion.3 On ultrasound, the greatest diameter can be
generally measured in the axial plane up to 1–1.5 cm above
the minimum hiatal dimension, as identified in the sagittal
plane.7 On MRI the maximummuscle thickness is measured in
the axial plane adjacent to the rectal wall at the level of the
upper part of the urethra (Fig. 1c).16

The widening of the levator urethra gap is an indication of
muscle avulsion.5 On ultrasound, the distance between the
middle of the urethra and the most inferior inner part of the
pubovisceralmuscle insertion at the os pubis ismeasured at the
level of theminimumhiatal dimension at each side on the axial
plane.5 It was possible for us to measure this parameter
similarly on axial 2D MR images (Fig. 2 and Table I).
As the iliococcygeal muscle is important to prevent posterior

compartment prolapse, the iliococcygeus width is a predictor
for pelvic floor weakness.17 In a 3D-MRI-model, the iliococcy-
geus width is measured bilaterally in the coronal plane,
including the ischial spine, as shown by Singh et al.11 To define
the parameters in a 2D image on the coronal plane, a ledger line
was drawn between themost lateral and themost inferior part
of the puborectal sling at each side. Through the intersection of
these ledger lines, a second vertical ledger line was drawn
parallel to coronal body axis. Finally, the most lateral point of
the sling was connected to that vertical ledger line (Fig. 3).
The puborectal muscle forms a sling around the rectum and

inserts at the lower inner part of pubic symphysis. An

Fig. 1. (a) Minimal hiatal area (HA) (whitened area), anteroposterior diameter (HAP), and laterolateral diameter (HLL) (black arrowed lines) were measured in
the axial plane at the same slice. S, pubic symphysis; (b) The area surrounding the levator and hiatus (whitened area). The levator area (LA) was calculated by
subtracting the hiatal area (measurement see Fig. 1a). S, pubic symphysis; (c) Maximummuscle thickness (MMT)measured bilaterally at the thickest point of
the LAM sorrounding the rectum in the hiatal area (white tapered line). R, rectum.
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important function is the elevation of the bladder neck and to
line and strengthen the orifices of the pelvic floor.17 The
puborectalis attachment width is an indicator of pelvic floor
weakness and ismeasured in a 3D-MR-model on the axial plane
as the distance between the most inferior visible bilateral
insertions of the pubovisceral muscle at the pubic bone.18 We
were able to transfer this measurement to axial 2D MR images
(Fig. 2).
The levator symphysis gap is associated with pelvic organ

prolapse and increases if levator ani muscle defects are present
or if the stage of prolapse increases.5,11,18 As descriptions of the
measurement technique for the levator symphysis gap in the
literature are inconsistent, we measured both sides to deter-
mine the distance from the anterior-lateral part of the
puborectal muscle to the most lateral part of the pubic
symphysis (Fig. 4).11,18,19

RESULTS

Twenty-five volunteers with a mean age of 27 years (range
20–33 years) underwent a 3 T MR examination of their pelvic
floor between October 2011 and December 2012. All of them
fulfilled the inclusion criteria. The total acquisition time was
about 15min. In all volunteers, the levator ani muscle complex,
particularly the pubovisceral muscle, was intact, could be
identified and evaluated within its v-shaped course from the
dorsal aspect of the anorectal angle to its insertion at the pubic
symphysis.
Our measurement results for each parameter including the

reference value of nulliparous studies in the literature are listed
in Table I.

There is no reference value for the puborectalis attachment
width proposed for nulliparous women until now, only
considered to be normal if symmetric.18

In this study, the width between the left and right
puborectalis attachment was 33.3� 3.34mm for healthy
nulliparous women.

DISCUSSION

Injuries of the levator ani muscle are considered a common
cause of pelvic floor dysfunction, increasing with age, obesity,
and especially after vaginal childbirth and were evaluated in
recent studies using ultrasound or cross-sectional imaging
modalities.5,18–21 Therefore, the detection of these injuries,
especially avulsion of the puborectalis muscle, has been of
growing interest for urogynecologists. The standard imaging
modality to detect injuries of the levator ani muscle is
translabial ultrasound.8 Although, it is widely used and
accepted, translabial ultrasound is strongly observer depend-
end and consecutively less reproducible.4,8 To solve this
problem, 3D-MRI-modelswere constructed for additional pelvic
floor measurements.11,18,22

However, 3D-MR-models need a special post-processing
software, taking additional time for reconstruction of the
images. In clinical routine, 2D-3 T-MRI may combine both, high
resolution images for measurement in different planes and the
objectivity of the measurement.
Comparing our results of the anteroposterior hiatus with

52.2� 6.8mm to recent ultrasound studies in nulliparous
volunteers, they were comparable to Weinstein et al.
(52.0� 0.5mm)(P¼0.87).23 However, they were enlarged com-
pared to Dietz et al., but within the range of the measured
values (45.2� 6.7mm)(P<0.001).7 Reason may be anatomical
variance in the study population and the constitution of the
pelvic floor muscles, because measurement is performed
between one bony marker and one soft tissue landmark.
The results in this study for hiatal area and levator area with

13.22 cm2 and 7.14 cm2, respectively, are in the standard
deviation given by Dietz et al. with 11.25� 2.7 cm2 and
7.59� 1.72 cm2 (P<0.005, P¼0.23) and by Weinstein et al.
with 13.4� 1.8 cm2 and 4.8�2.4 cm2 (P¼ 0.77, P< 0.001),
respectively.7,23 The laterolateral hiatus with a mean value of
33.2� 4mm was smaller in our study compared to the results
by Dietz et al. with 37.5�5mm (P<0.001), but also within the
range of measured values.7

MRI measurement of hiatal circumference was lower in our
study group with 14.2 cm compared to Weinstein et al., who
assessed a mean hiatal circumference of 18.2 cm in nullipa-
rous women (P< 0.001).23 However, Albrich et al. considered a
hiatal circumference of 13.2 cm in a cohort of primipara after
cesarean section.4 Regarding to these contradictory results,
this parameter might not be specific for detection of pelvic
floor injuries.
The puborectalis muscle thickness in our group of volunteers

was comparable to the muscle thickness of 7.0mm reported by
Kruger et al. in nulliparous volunteers for the left side with
7.2mm (P¼ 0.05) and differed to 5.7mm for the right side
(P¼0.002).24 It is to be mentioned, that Kruger at al. proposed
only one value for maximum muscle thickness without side
orientation.24 According to Tunn et al., who assessed primipa-
rous women, we measured a side difference between the left
and right puborectalis muscle of about 1.5mm.16 Therefore,
side differences of muscle thickness might be taken into
consideration in the diagnosis of muscle avulsion.
The levator urethra gap was 18.5mm on the right side and

20.5mm on the left in our study and was therefore comparable

Fig. 2. Measurement of the levator urethra gap (LUG) was performed
bilaterally as the distance between the middle of the urethra and the most
inferior inner part of the LAM insertion at the os pubis in the plane of the
hiatal area (white arrowed lines). S, pubic symphysis. The puborectalis
attachment width (PAW) was measured in the axial plane as the distance
between the most inferior visible bilateral insertions of the LAM at the os
pubis (white tapered line).
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to Dietz et al., who stated, that a LUG below 25mmon each side
as regular.5

Measurements taken from 3D-MRI-models turned out to be
less transferrable. Even if our results for the iliococcygeuswidth
with a mean value of 45mm are comparable to those by Singh
et al., who proposed mean values >40mm for healthy
nulliparous volunteers on a 3D-MRI-model, measurement of
the iliococcygeus muscle on 2D images was challenging in our
study population, as the iliococcygeus muscle cannot be fully
depicted in one slice on 2D images due to its shape.11 Presenting
bonymarkers for exactmeasurement seems to be the benefit of
a 3D-MRI-model.
In recent studies, definition of puborectalis attachment

width is varying. Whereas Zhuang et al. defined the pubor-
ectalis attachment width to be regular if symmetric, analysing
women with pelvic organ prolapse, Hoyte et al. measured the
puborectalis attachment width in primipara women for each
side separately with 17.67mm for the left and 17.12mm
for the right side.18,22 Regarding to these references, we
proposed a new reference value for nulliparous women of
33.94�3.34mm, assessing the entire distance from the left side
to the right.
Recent studies have given quite inconsistent descriptions

for how to perform the measurement of the levator
symphysis gap. On the one hand, Zhuang et al. defined the
measurement on a 3D model as the distance from the middle
of the inferior symphysis to the nearest aspect of the
pubovisceral muscles on each side.18 On the other hand,
Singh et al. and Derpapas et al. measured each side of the
levator symphysis gap as the distance from the anterior
aspect of the levator ani muscle to the closest point of the
pubic symphysis on transversal plane.11,19 In our study, we
measured the width from the anterior-lateral part of the
puborectal muscle to the most lateral part of the pubic
symphysis still visible on the same transversal slice, similar to

Fig. 3. The iliococcygeus width (IW) was measured bilaterally in the coronal
plane on 2D images. A ledger line was drawn between the most lateral and
the most inferior part of the puborectal sling at each side. Through the
intersection of these ledger lines, a second vertical ledger line was drawn
parallel to the longitudinal body axis. Finally, the most lateral point of the
sling was connected to that vertical ledger line, defined as IW. IS, ischium.

TABLE I. Measurement Results for Each Parameter in Our Study Population of n¼ 25 Nulliparous Women Compared to the Reference Values in the
Literature (ultrasound parameters (no. 1–7) and 3D-MRI-model parameters (no. 8–10))

No. Parameter
Mean value

(� standard deviation)
Mean value

(� standard deviation) Reference P-valuea

1 Anteroposterior hiatus (mm) 52.22 � 6.79 45.2 � 6.7 Dietz et al.7 (52 nulligravid volunteers) <0.0001
52.0 � 0.5 Weinstein et al.23 (23 nulliparous women) 0.8727

2 Laterolateral hiatus (mm) 33.15 � 4 37.5 � 5 Dietz et al.7 (52 nulligravid volunteers) <0.0001
3 Hiatal area (cm2) 13.22 � 3.05 11.25 � 2.7 Dietz et al.7 (52 nulligravid volunteers) 0.0047

13.4 � 1.8 Weinstein et al.23 (23 nulliparous women) 0.7705
4 Hiatal circumference (cm) 14.19 � 1.61 18.2 � 3.0 Weinstein et al.23 (23 nulliparous women) <0.0001
5 Levator area (cm2) 7.14 � 1.85 7.59 � 1.72 Dietz et al.7 (52 nulligravid volunteers) 0.2357

4.8 � 2.4 Weinstein et al.23 (23 nulliparous women) <0.0001
6 Maximum muscle thickness (mm)

Right 5.67 � 1.88 7.0 � 1.1 Kruger et al.24 (22 nulliparous volunteers) 0.0017
Left 7.24 � 1.98 0.5502

7 Levator urethra gap (mm)
Right 18.45 � 2.22 19.7 � 3.4 Dietz et al.5 (18 vaginally nulliparous) 0.0096
Left 20.5 � 2.12 0.0713

8 Iliococcygeus width (mm)
Right 45.82 � 4.1 45.3 � 4.6 Singh et al.11 (9 healthy nulliparous volunteers) 0.5320
Left 44.18 � 3.73 48.4 � 4.3 <0.0001

9 Puborectalis attachment width (mm) 33.94 � 3.34 Symmetric
appearance

Zhuang et al.18 (69 women with pelvic organ
prolapse)

n.a.

10 Levator symphysis gap (mm)
Right 19.76 � 5.15 17.4 � 2.9 Singh et al.11 (9 healthy nulliparous volunteers) 0.0317
Left 21.33 � 5.42 18 � 2.0 0.0052

aTwo-sided one sample t-test.
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Derpapas et al. on axial CT scans, as there was no muscle
avulsion.19

Our results of the levator symphysis gap with 19.8mm for
the right side and 21.3mm for the left side were well
comparable to the results by Derpapas et al., reporting
21.2mm for the right side and 22.5mm for the left side
(P¼ 0.17, P¼0.29).19 However, the mean values in our study
were higher compared to Singh et al. using a 3D-MRI-model,
reporting 17.4mm for the right side and 18.0mm for the left
side (P¼0.03, P< 0.05).11

Zhuang et al. proposed that the measurement of the levator
symphysis gap on 3DMRI is similar to the measurement of the
levator urethra gap using ultrasound and stated a value of
<28.7mm as regular.18 According to the study of Zhuang et al.,
our results for the levator urethra gap with 18.45mm on the
right side and 20.5mm on the left side are comparable.18

Further studies are needed to clarify the question regarding
which measured distance is more accurate or if some distances
are not feasible and reproducible.
Our study is subject to some drawbacks. First, therewere only

25 women in this descriptive study. Statistical analysis was
therefore only descriptive. Second, this study was a non-
controlled trial, and ultrasoundwas not additionally performed
in the same volunteer. Third, we did not perform a 3D sequence
with 1mm isotropic voxels for 3D remodeling to obtain a direct
comparison between the measurement results in each volun-
teer. Fourth, performing MRI of the pelvic floor is still more
expensive compared to ultrasound and its use is restricted
concerning claustrophobia, metal implants or pace-makers.

CONCLUSIONS

2D-3 T-MRI of the pelvic floor combines high resolution
images with objective measurements of parameters, which

are proposed to be indicators for muscle avulsion of the
levator ani complex, without resorting to exhaustive post-
processing methods. Results of anteroposterior hiatus, hiatal
area, levator urethra gap, and with limitations levator area,
are comparable to ultrasound results proposed in recent
studies, considering, that the reported P-values are not
adjusted for multiplicity and should therefore be interpreted
descriptively. However, hiatal circumference, laterolateral
hiatus and maximum muscle thickness exhibit anatomical
variance and seem to be not specific for defects of the levator
ani complex.
Measurement of the iliococcygeus width is challenging on

2D images due to its shape and the levator symphysis gap
needs a clearer description on how to perform the
measurement. In addition, we proposed a reference value
for the puborectalis attachment width for nulliparous
women.
The combination of high-resolution images of the entire

pelvic floor and the possibility of observer-independent and
objective measurements of the relevant parameters of the
levator ani muscle complex to facilitate detection of defects
may constitute the most effective benefit of 2D-3 T-MRI up
to now.
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AIMS:Detection of early morphological pelvic floor changes after vaginal delivery

in primiparous women using 3 Tesla magnetic resonance imaging.

METHODS: A 3 Tesla magnetic resonance imaging was performed using static

T2-weighted turbo spin echo (tse) in three planes, T2-weighted tse fat saturated and

T1-weighted sequence in transverse plane. All visible changes of pelvic structures

(edema, hematoma, tear, or avulsion) were documented. Measurements for the

integrity of the pelvic floor were performed and compared to a nulliparous control-

group. Differences in pelvic floor parameters were analyzed using an unpaired

t-test. P< 0.05 was considered statistically significant.

RESULTS: Twenty-five primiparous women delivered vaginally at term and

underwent postpartum magnetic resonance imaging. Several morphological

changes in the pelvis, superficial as well as deep, were detected in all participants.

Anteroposterior hiatus, hiatal circumference, hiatal area, laterolateral hiatus,

maximum muscle thickness, and levator urethra gap were significantly different to

the nulliparous control-group.

CONCLUSIONS:Two-dimensional 3 Teslamagnetic resonance imaging is feasible

in a clinical and early postpartum setting establishing a reliable diagnostic tool to

evaluate numerous morphological pelvic floor changes and the integrity of the

pelvic floor.

KEYWORD S

MRI, pelvic floor, postpartum changes, primipara, vaginal delivery

1 | INTRODUCTION

Vaginal childbirth is a known risk factor for levator muscle

trauma, which has substantial implications for pelvic organ

support and is strongly associated with female pelvic organ

prolapse.1 Early detection of defects of the levator muscle and

subsequent early interventionmay delay the clinical effects of

labor-related changes in the pelvic floor.2 Therefore, it seems

appropriate to examine the pelvic floor in an early postnatal

period as it may be important for preventive measures.2

To diagnose levator trauma, ultrasound, and magnetic

resonance imaging (MRI) are available imaging methods.

Due to its easy accessibility and its cost effectiveness, three-

dimensional (3D) ultrasound is frequently applied during

pregnancy and the puerperium to visualize the levator ani

muscle.3 However, a known limitation of ultrasound is the

limited wave depth into the pelvis, which may leave potential

morphological changes undetected after delivery. MRI

provides a multiplanar view of the pelvic floor and the entire

pelvic structures with an excellent soft tissue contrast.3 Due to
Fred Milani led the peer-review process as the Associate Editor responsible for the

paper.
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developments in MR-imaging such as high resolution

3Tesla(T)-MRI, more detailed visualization of pelvic floor

structures, pelvic organs, and their injuries is available.

In a recently published study with 25 nulliparous woman,

our group demonstrated that two-dimensional (2D) 3T-MRI

combines high-resolution images with objective measure-

ments of parameters regarding the pelvic floor integrity

transferred from ultrasound or 3D-MRI-models, without

resorting to exhaustive post-processing methods.4 The results

of this study were the basis for this pilot study of 2D 3T-MRI

in women after first vaginal delivery.

Firstly, the aim of our explorative study was to analyze

pelvic floor MRI measurements and morphological changes

and to establish their means and effect sizes. Those parameters

included previously published MRI measurements for pelvic

floor integrity and all developed morphological changes after

vaginal childbirth. Secondly, we compared them to the

previously published nulliparous group.4

2 | MATERIALS AND METHODS

The study was cross-sectional and of descriptive nature. The

trial protocol was approved by the local ethics committee

(trial number S-143/2011) and the study was designed in

accordance of the Declaration of Helsinki. All patients gave

written informed consent.

2.1 | Study population

Inclusion criteria were age ≥18 years, primiparous women

who had given vaginal delivery at term in the Department of

Gynecology andObstetrics of Heidelberg UniversityMedical

Center between March 2012 and January 2013. Exclusion

criteria were gestational age less than 36 + 0 at delivery, age

<18 years, previously known pelvic floor dysfunction (eg,

urinary or fecal incontinence, pelvic organ prolapse) or

previous pelvic floor surgery, metal implants, or claustro-

phobia. Women were examined during the first week after

vaginal delivery. All women who met the inclusion criteria

were recruited consecutively and were included in the study,

irrespective of a difficult birth history. The control group

consisted of healthy nulliparous women who were recruited

consecutively and met the same inclusion criteria as the study

group, except for delivery data.4

2.2 | MR examination

The examination was performed using a 3T scanner (TIM

Trio, Siemens, Erlangen, Germany) with an external phased-

array body coil which was centered at the lower pelvis with

the woman lying in supine position; no special preparation of

the women and no administration of contrast medium was

needed.4

Static native T2-weighted turbo spin echo (tse) sequences

were acquired in axial (TR 6820ms, TE 112ms, ST 3mm,

matrix 512, FOV300mm),midsagittal (TR5030ms,TE88ms,

ST 3mm, matrix 512, FOV 280mm), and coronal plane

(TR 7810ms, TE 88ms, ST 2mm, matrix 512, FOV 280mm).

T2-weighted tse fat saturated sequence was acquired in axial

plane (TR 7490ms, TE 112ms, ST 3mm, matrix 512,

FOV 300mm) as well as T1-weighted sequence (TR 8.6 ms,

TE 983ms, ST 3mm, matrix 512, FOV 300mm).4 Scan

duration was 18min. Section orientation of the axial plane was

parallel to the horizontal line (levator hiatus) as previously

published.4

2.3 | Descriptive analysis

The pelvic floor and the entire pelvis were evaluated at a

PACS workstation (Centricity PACS, GE Healthcare,

Milwaukee) using transverse T2-weighted (T2w) sequences

with and without fat saturation (fs) and T1-weighted (T1w)

sequence by documenting any visible changes and its side

like muscle, bone or ligament edema, soft tissue hematoma,

perineal soft tissue defects, and the width of pubic symphysis.

The pubovisceral muscle (PVM) sling was carefully

examined for any injury or discontinuity at the insertion at

the pubic bone. Muscle avulsion of the PVM was only

diagnosed, if the muscle insertion was not seen on any slice or

if an abnormality was seen on at least three consecutive slices

on axial plane.5

2.4 | Measurement parameters

Two readers (CDA with 8 years and FH with 1 year of

experience in pelvic floor MRI) performed the measurements

of anteroposterior and laterolateral diameter, hiatal area,

levator area, maximummuscle thickness, levator urethra gap,

and puborectalis attachment width in accordance to the

measurements for the integrity of the female pelvic floor in

nulliparous women in consensus reading.4 All parameters

have previously been described to be indicators for muscle

avulsion or pelvic floor weakness.3,5–10 The anteroposterior

levator hiatus was measured on sagittal plane at the minimal

hiatal dimension, which is defined from the inferior aspect of

the pubic symphysis to the inner aspect of the puborectal

muscle at the anorectal angle; the laterolateral levator hiatus

was measured on axial plane at the same level.3,5,11 The

levator urethra gap was measured at each side on axial plane

between the center of the urethra and the most inferior inner

part of the PVM insertion at the os pubis.8 In case of muscle

avulsion, the obturator fascia was defined as the lateral

limit.12 Maximummuscle thickness was bilaterally measured

on the axial plane adjacent to the rectal wall. The puborectalis

attachment width was measured on axial plane as the distance

between the most inferior visible bilateral insertions of the

PVM at the pubic bone.4,13 In case of muscle avulsion, we

2 | ALT ET AL.



also defined the obturator fascia as the lateral limit. The

measurements were performed at a PACS workstation using

2D MRI data in consensus reading. Hiatal area, levator area

and hiatal circumference were measured with a 3D post-

processing program (Aquarius Intuition Viewer Version

4.4.7.64.5131, TeraRecon Inc., San Mateo, CA) due to an

enlarged postpartum hiatus with a more sloped position,

which was not captured on one axial 2D slice. The parameters

were compared to a reference group of healthy nulliparous

volunteers, who were previously examined at the same

3T-MRI scanner using the same protocol.4

2.5 | Clinical data acquisition

Clinical data were collected from the clinical report and from

birth records regarding general pre- and postpartum

information and data concerning patients demographics

and delivery process (maternal body mass index (BMI)

pre-pregnancy and after delivery, age, mode of delivery,

duration of second stage of labor, performance of episiotomy

and its side, maternal lower genital tract lacerations, birth

weight, and head circumference of the neonate).

2.6 | Statistical analysis

Clinical and demographic parameters of the study population,

as well as MRI parameters were descriptively analyzed

(Tables 1-3). Differences in pelvic floor parameters of the

study group and the nulliparous control group were analyzed

using an unpaired t-test (Table 4). A P-level <0.05 was

considered statistically significant. Analysis was performed

using SPSS Statistics® Version 20 (IBM, Armonk).

3 | RESULTS

3.1 | Patient demographics

Twenty-five primipara fulfilled the inclusion criteria. Median

age was 31 years (IQR 26-36 years). Twenty-two women

were Caucasian, two were Asian, and one was African.

Except for onewoman having smoked until her pregnancy, all

women were non-smokers. Median BMI before pregnancy

was 21 kg/m2 (IQR 20-23 kg/m2) and after delivery 26 kg/m2

(IQR 24-27 kg/m2). The control group consisted of

Caucasian healthy nullipara with median age of 31 years

(IQR 26-36 years) and BMI <30 kg/m2.4

3.2 | Birth records

All women delivered between gestational age of 38 + 0 and

41 + 0with the newborn head in a regular cephalic presentation.

Themajority of women had a vaginal delivery with intrapartum

epidural anesthesia and a regular duration of second stage of

labor (SSoL) (less than 3 h) (Table 1).14 Of those who had

epidural anesthesia, theSSoLwasprolonged in onlyone patient.

Shedeliveredvaginallywithout complications or the need for an

intervention. The other three women with a prolonged SSoL in

our study cohort underwent subsequent instrument assisted

delivery due to deterioration of cardiotocography (Table 1).

Women who received mediolateral episiotomy had no visible

perineal or labial tear. In women who delivered without

mediolateral episiotomy, perineal or labial tearwas documented

in 73% (8/11) and 45% (5/11), respectively (Table 2). Perineal

trauma was documented more than twice in women with

intrapartum epidural anesthesia compared to those without

(Table 2). It was also increased in number in women without

instrument assisted delivery (Table 2). Subject related birth

records are given in Table 1.

3.3 | Depiction of postpartum changes of

pelvic floor structures

MRI was performed after delivery at day 4 in the mean (range

2-7 days).

PVM avulsion was detected in 12%, PVM tear in 20%

(Table 2). PVM hematoma was present in 76% (19/25),

located (not) at site of attachment in (58%) 42% (Table 2).

Beside PVM changes, pubic bone marrow edema was visible

in 68%, pubic symphysis edema in 76%, superior pubic

ligament edema in 92%, sacrouterine ligament edema in 56%,

and internal obturator, transverse perineal, and pirifomis

muscle edema in 76%, 100%, and 12%, respectively (Table 3,

Fig. 1). Internal obturator and transverse perineal muscle

hematoma was visible in 20% and 56%, respectively. The

pubic symphysis widthwas 5-7 mm in 40% and 2.4-4.7 mm in

60% of the women (Table 3). Neither an edema of the

sacroiliac junction was visible nor a fracture.

3.4 | Predictors for the integrity of the pelvic

floor

Anteroposterior hiatus, hiatal circumference, and hiatal area

showed high significant difference in the primipara group

compared to the nulliparous control group (P< 0.001).4

Laterolateral hiatus, maximum muscle thickness and levator

urethra gap differed statistically significant (P< 0.05)

(Table 4).4 Levator area and puborectalis attachment width

showed no significant differences (Table 4).4 In three patients

the PVM insertion left sided could not be visualized on any

slice. No patient presented with hiatal ballooning.15 Despite

instrument-assisted delivery in five women, hiatal circum-

ference was not enlarged in 80% of those. In 19 women with

PVMhematomameasurements for hiatal area, levator urethra

gap and laterolateral hiatus were 19.1 cm2 (±3.8 SD),

20.8 mm (±2.5 SD) (right), and 24.7 mm (±6.5 SD) (left),

and 36.5 mm (±3.4 SD), respectively. Compared to women
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without hematoma, only hiatal area measurement was

enlarged (16.0 cm2 ± 4.3 SD, 21.2 mm±4.5 SD (right),

24.9 mm± 6.1 SD (left), 37.2 mm± 6.4 SD).

4 | DISCUSSION

In this prospective study we evaluated early postpartum

morphological changes of the pelvis in 25 primipara after

vaginal delivery using two-dimensional (2D) 3T-MRI in

comparison to a nulliparous control group. 2D 3T-MRI is

feasible in a clinical and early postpartum setting establish-

ing a reliable diagnostic tool to evaluate numerous pelvic

floor changes and the integrity of the pelvic floor on the basis

of recently published 2D 3T-MRI data in nullipara.4

Firstly, performing MRI in the first days postpartum

detected several morphological changes of the pelvic

structures, superficial, and deep. To the best of our

knowledge, these findings especially of the deep pelvic

structures were not described in detail before. This may be

because postpartum MRI examinations are mostly per-

formed at a later time.16–18 However, due to the proven

relation of levator trauma, vaginal delivery, and increased

risk of pelvic organ prolapse early postpartum pelvic floor

evaluation is performed with certain frequency using

ultrasound.2,5,19–21 This seems beneficial compared to later

evaluation regarding early detection of defects and the

possibility for preventive measures.2,21 Thus we evaluated

early postpartum changes on MRI.

Secondly, pelvic floor MRI is often performed using

widely available 1.5T-scanner, in certain cases 1.0T-

scanner. In our opinion, a 3T-scanner provides more

detailed images of soft tissue due to technical developments

compared to lower resolution, which is advantageous in

detecting slight soft tissue changes but may not be

necessarily required for the detection of edema, hematoma

or fracture.

A third issue is the integrity of the pelvic floor

measurements. All measured parameters differed signifi-

cantly compared to the nulliparous control group except for

levator area and puborectalis attachment width.4 However,

our result for puborectalis attachment width is comparable to

Hoyte et al using 3D-MRI-models in primipara.16

The mean pubic symphysis width was smaller in our

study population compared to Hermann et al using 1.5TMRI

for asymptomatic and symptomatic primipara.22 Those

results lead to the presumption that there is a variance of

measurements without a direct correlation to delivery

changes.

Except for the three detected PVM avulsions left sided,

the levator urethra gap did not reach the cut-off value of

25 mm proposed by Dietz et al as an indicator for avulsion.8

In our opinion, the puborectalis attachment width is notT
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necessarily needed for evaluation of the postpartum pelvic

floor if levator urethra gap is measured, particularly as the

lateral limit in case of avulsion is not as clearly defined as it is

the case with intact muscle attachment.

Compared to other primipara studies performed in the

first days postpartum using 3D ultrasound, our results are

comparable for anteroposterior hiatus and hiatal area,

whereas laterolateral hiatus and maximum muscle thickness

showed lower values, while hiatal circumference was

enlarged.5,19

We found no association between levator ani muscle

abnormalities and head circumference, duration of stage of

labor or mode of delivery. These results are similar to Durnea

et al examining primipara 1 year postpartum but controversial

to Falkert et al examining primipara 2 days postpartum.19,23

Van Delft pointed out an association of PVM hematoma

with episiotomy, instrumented delivery and hiatal measure-

ments.21 Our data confirm the association to episiotomy and

indicatively to instrument assisted delivery, while hiatal

measurements were only enlarged for hiatal area.

TABLE 4 Measurement results for the parameters of the pelvic floor of the primipara study group and the nullipara control group

Primipara n= 25 Nullipara n= 25 (4)

Parameter Mean (±SD) Mean (±SD) P-value*

1 Anteroposterior hiatus (mm) 67.40 (±9.64) 52.22 (±6.97) <0.001

2 Laterolateral hiatus (mm) 36.65 (±4.13) 33.15 (±4.00) 0.004

3 Hiatal circumference (cm) 18.38 (±4.09) 13.22 (±3.05) <0.001

4 Hiatal area (cm2) 17.25 (±1.95) 14.19 (±1.61) <0.001

5 Levator area (cm2) 8.48 (±3.03) 7.14 (±1.86) 0.066

6 Maximum muscle thickness right (mm) 4.44 (±1.47) 5.67 (±1.88) 0.013

Maximum muscle thickness left (mm) 5.90 (±1.22) 7.23 (±1.98) 0.006

7 Levator urethra gap right (mm) 20.90 (±2.99) 18.45 (±2.22) 0.002

Levator urethra gap left (mm) 24.76 (±6.25) 20.50 (±2.12) 0.003

8 Puborectalis attachment width (mm) 35.19 (±8.16) 33.94 (±3.34) 0.483

*Unpaired t-test.

FIGURE 1 Postpartum changes in a woman who delivered vaginally at term without intrapartal epidural anesthesia. The birth weight of the baby was

3420 g, the neonates head circumference was 36 cm and the hiatal circumference was 16 cm. The second stage of labor was prolonged. Delivery was

performed using vacuum extractor and mediolateral episiotomy. No labial or perineal tear was present clinically. On MRI on transverse plane from

craniad to caudad, sacrouterine ligament, piriformis muscle and pubic symphysis superior ligament edema was visible (a, arrows), as well as pubic bone

marrow and pubic symphysis edema (b, arrows), internal obturator muscle and pubovisceral insertion edema (c, arrows) and pubovisceral muscle edema

and hematoma (d and e, arrows). The anal sphincter muscle is intact (f, arrows). After three years, she describes ongoing moderate symptoms for stress

urinary incontinence and pubic symphysis pain. B, bladder; PS, pubic symphysis; FH, femoral head; IB, ischiatic bone; CB, coccygeal bone; U, urethra;

AS, anal sphincter
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Fourthly, regarding intrapartum epidural anesthesia, Shek

and Dietz describe a protective effect for levator trauma in

primipara.24 In our study cohort, epidural anesthesia also

seems to be protective for levator muscle injury, however not

necessarily for perineal tears.

Fifthly, measurements for levator urethra gap and

puborectalis attachment width laid above the pubococcy-

geal reference line (PCL) in our study population, whereas

measurements for maximum muscle thickness and latero-

lateral hiatus laid more ventrocaudal of the PCL compared

to the control group, which is important for planning the

scan distance of the transverse plane in primipara. We

therefore recommend to cover the promontory of the

sacrum as well as the entire pelvic floor structures and the

outer pelvic floor muscles in transverse plane sequence to

cover the sacrouterine ligament as well as the postpartum

hiatal plane which is located lower and more sloped in early

postpartum period.

We acknowledge that this study was planned and

designed as a pilot study for 3T-MRI performance of the

postpartum pelvic floor in primipara. We therefore examined

only a small number of cases and did not focus on functional

pelvic floor disorder measurements, additive postpartum

ultrasound ormid-term follow up examinations. Although the

study was prospectively planned, there was a variation of

examination times for MRI during the first week postpartum

in our study cohort due toMR scanner availability. To the best

of our knowledge, there is no known consequence regarding

visible morphological changes depending on the day of

examination within the first week. However, MRI perfor-

mance within the first week after delivery may mask or

potentially overestimate visualized changes compared to

MR-imaging at a later point of time. We did not differentiate

between the types of vaginal delivery (non-instrument-

assisted versus forceps versus vacuum extraction) owing to

the small numbers that would have resulted in each category.

We are aware that the measured means and predictors of

levator avulsion need to be validated as uni- and multivariate

parameters in a regression analysis. However, the sample size

of this explorative study is too small. Thus, the results have to

be validated using a larger sample size and regression

analysis in the future. Lastly, costs and time consuming

efforts of MRI compared to 3D ultrasound have to be taken

into consideration and may limit the use of MRI in clinical

practice. However, the additional costs have to be weighted

against improved detection of significant postpartum changes

on MRI compared to 3D ultrasound.

5 | CONCLUSIONS

2D 3T-MRI is feasible in an early postpartum setting and

visualizes edema and hematoma in ligaments, muscles and

bones beside the PVM, which were not yet described in closer

detail. These findings generally remain undetected by

ultrasound due to its known technical restrictions in entire

pelvis. We found statistically significant changes for

biometric measurements compared to our nulliparous group

and mostly comparable results to other primipara studies

using ultrasound.
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Abstract

Objective To develop recommendations that can be used as

guidance for standardized approach regarding indications, pa-

tient preparation, sequences acquisition, interpretation and

reporting of magnetic resonance imaging (MRI) for diagnosis

and grading of pelvic floor dysfunction (PFD).

Methods The technique included critical literature between

1993 and 2013 and expert consensus about MRI protocols

by the pelvic floor-imaging working group of the European

Society of Urogenital Radiology (ESUR) and the European

Society of Gastrointestinal and Abdominal Radiology

(ESGAR) from one Egyptian and seven European institutions.

Data collection and analysis were achieved in 5 consecutive

steps. Eighty-two items were scored to be eligible for further

analysis and scaling. Agreement of at least 80 % was defined

as consensus finding.

Results Consensus was reached for 88 % of 82 items.

Recommended reporting template should include two main

sections for measurements and grading. The pubococcygeal

line (PCL) is recommended as the reference line to measure

pelvic organ prolapse. The recommended grading scheme is

the BRule of three^ for Pelvic Organ Prolapse (POP), while a

rectocele and ARJ descent each has its specific grading

system.

Conclusion This literature review and expert consensus rec-

ommendations can be used as guidance for MR imaging and

reporting of PFD.

Key points

• These recommendations highlight the most important pre-

requisites to obtain a diagnostic PFD-MRI.

• Static, dynamic and evacuation sequences should be gener-

ally performed for PFD evaluation.

• The recommendations were constructed through consensus

among 13 radiologists from 8 institutions.

Keywords MRI pelvic floor . MR defecography .

Recommendations . ESUR . ESGAR

Introduction

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 the rising need for
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comprehensive diagnosis and treatment. The Population

Reference Bureau reported the percentage of the popula-

tion aged 65 and older to be 13 % of the total population in

the U.S. in 2010 with an expected increase to 20 % in

2050, whereas in Europe, the percentage was reported

around 18 % in 2010 with an expected increase to 28 %

in 2050 [1]. Women that are affected by PFD, often com-

plain most about the impairment of their quality of life and

ask for sufficient therapy, which is commonly surgical re-

pair [2, 3]. Thus, imaging techniques have been constantly

developed in recent years to support therapy planning and

management. Magnetic resonance imaging (MRI) of the

female pelvic floor, particularly, combines high-resolution

images with an excellent soft tissue contrast and provides

the possibility to assess noninvasively and more objective-

ly a spectrum of possible disorders affecting the pelvic

floor in one examination [4–7]. There is general agreement

that MRI of the pelvic floor should encompass static and

dynamic MR images, whereas dynamic means imaging

under maximum stress to the pelvic floor and MR

defecography. Static MR images visualize pelvic floor

anatomy and defects of the supporting structures, while

dynamic MR images visualize pelvic organ mobility, pel-

vic floor weakness, pelvic organ prolapse (POP) and asso-

ciated compartment defects [5, 8–11]. Additionally, MRI

may diagnose unexpected underlying masked functional

abnormalities, which might be discrepant from the domi-

nant symptom and may influence the choice of the surgical

technique in around 42 % of patients with different spectra

of PFD [12, 13].

Several studies and detailed reviews are published

about MRI of the pelvic floor and different acronyms

have been used for this examination including static and

dynamic MR of the pelvic floor, MR defecography or MR

proctography [4, 12, 14–16]. However, to date, there is

neither consensus on a standardized imaging protocol nor

on a systematic reporting scheme for MR-imaging of

PFD. This may be due to the complexity of the anatomy

and the functional interaction of the organs with the

supporting structures resulting in a broad spectrum of

PFD. Another important factor that contributes to this lack

of consensus is the fact that PFD is treated by urologists,

urogynecologists or proctologists. Consequently, each cli-

nician may manage the patients’ condition from a differ-

ent perspective. Therefore, MR-imaging acquisition varies

according to the referring specialty and their rudiments for

proper management and treatment decision. The wide

range of different available MR protocols and a lack of

standardization additionally increase variation between

different centers. There is, therefore a necessity for rec-

ommendations from an expert panel that clearly defines

the minimum prerequisites to obtain a state-of-the-art MR

examination of the pelvic floor. This paper reports the

recommendations of a panel of expert radiologists in pel-

vic floor imaging, which are joined in the pelvic floor-

working group, which is under the umbrella of the

European Society of Urogenital Radiology (ESUR) and

the European Society of Gastrointestinal and Abdominal

Radiology (ESGAR).

Materials and methods

The study went through five basic steps that are displayed in

Fig. 1.

Step 1 Member recruitment and data sheet creation

Participants for the working group were recruited among

ESUR and ESGAR members between 2010 and 2011. The

final working group consisted of 13 radiologists from one

Egyptian and seven European institutions, all with known

expertise in pelvic floor imaging. One member (RFE) created

a data sheet to collect technical protocol details of the mem-

bers’ institution. This sheet focused on information about the

clinical referrer, patient population, patient preparation, and

MR technique (hardware, imaging sequence and imaging

parameters).

Step 2 Review of imaging protocols of the participating in-

stitutions and data sheet creation for literature review

Data collection, review and discussion of all imaging

protocols of the participating institutions took place be-

tween 2012 and 2013. During this period modifications

on the data sheet were implemented by (RFE) in which full

details about both the geometry and the contrast of the

static and dynamic MRI during straining as well as those

of MRI defecography were added to the original data sheet.

The results were presented and discussed in a face-to-face

meeting during ECR 2014 during which a consensus was

reached to finalize the data sheet for literature research

(Appendix 1).

Step 3 Literature search, data collection and analysis

Literature search was conducted in the Medline database

for articles published between 1993 and 2013 using the fol-

lowing keywords: BMRI AND Pelvic FloorB, BMRI

defecographyB, BMRI pelvic organ prolapseB, BMRI anal

incontinenceB, BMRI stress urinary incontinenceB, BMRI

AND defecographyB, BPelvic obstruction syndrome and

MRIB, BPelvic outlet obstruction and MRIB, BMRI and fecal

incontinenceB, BPelvic floor and MRIB, BMRI and urinary

incontinenceB and BPelvic organ prolapse and MRIB.

Eur Radiol



Inclusion criteria were original data with full information

about the parameters and the protocol of the examination that

matched with our final data collection sheet for literature

review.

Articles that were not written in English, did not

deal with a human study population or lack of infor-

mation about the performance of the examination were

excluded.

Fig. 1 Flow chart of the five

basic steps of the study

Eur Radiol



The papers concerning MRI of PFD were divided by

(RFE) into the following subchapters: urinary inconti-

nence (160 articles), pelvic organ prolapse (182 articles)

and MR-defecography (172 articles). Paper revision and

data extraction was divided among participating members

into three subspecialty groups (urology, gynaecology and

proctology) with one leader for each group (GM, CDA,

DW). Each subspecialty leader wrote a final report sum-

marizing the data that was agreed upon. The collected

evidence by this literature analysis was used to extract

the relevant topics, which should be addressed by the

working group panelists in order to construct a

questionnaire.

Step 4 Creation and analysis of a questionnaire

From October 2014 to March 2015, one author (CDA)

developed a questionnaire to define the most important

information and requisites needed to perform MRI of

PFD with standardized imaging protocol and reporting

scheme. It was finalized in consensus with one author of

ESGAR (DW). Since all panelists are using MR systems

with a conventional closed-magnet design where the pa-

tient can only be examined in supine (lying) body position,

procedural and technical aspects of pelvic floor imaging

was focused to this type of magnet design. The question-

naire included binomial, multiple choice, numerical and

open questions, in total 89 items (Appendix 2). This ques-

tionnaire was mailed to all panelists. In total, 82 of 89

questions were answered by all experts and were scaled

according to the individual item in question for further

analysis. The data obtained were analyzed using descrip-

tive statistics. Agreement of at least 80 % was defined as

consensus finding.

Step 5 Discussion and voting for the final consensus

recommendations

The second face-to-face meeting took place during ECR

congress in 2015. For those questions that did not reach

consensus at the first round of the questionnaire analysis,

wording was modified to obtain better-defined statements

subjected for voting by the experts in a face-to-face meet-

ing. During that meeting the panelists discussed those

items and were asked to vote. However, there were items

that did not reach consensus but were reported by number

of panelist to be important and warrants being included in

the recommendations. These items were re-analyzed, and

those that were found to be supported by case control or

cohort studies from the literature, in particular level of

evidence 2 according to the sign criteria, whereas expert

opinion is level of evidence 4 (www.sign.ac.uk), were also

included in the final recommendation.

Results

Consensus was reached for 88 % of 82 items and the recom-

mendations regarding indication, patient preparation, imaging

protocol, criteria for MRI assessment and reporting were con-

structed from these.

Indications for MR imaging of pelvic floor dysfunction

The indications for MR imaging of the pelvic floor that scored

the highest number of agreement among the group members

and the literature review are rectal outlet obstruction (92 %

agreed upon), rectocele (92 % agreed upon), recurrent pelvic

organ prolapse (POP) (85 % agreed upon), enterocele (85 %

agreed upon) and dyssynergic defecation (anismus)(85 %

agreed upon) (Table 1).

Patients’ preparation and hardware requirements

Full patients’ history of pelvic floor disorder should be

taken prior to scanning (consensus 100 %). The patient

should be examined at least in a 1.5 T MRI unit with a

phased array coil, as this is the most agreed-upon field

strength (consensus 100 %). The patient is examined in

Table 1 Most common indications for MR-imaging of pelvic floor

dysfunction*

Indications Score of agreement

achieved**

Anterior compartment

Stress urinary incontinence 7/13

Recurrence after surgical POP repair 7/13

Middle compartment

Recurrence after surgical POP repair 11/13

Enterocele / Peritoneocele 11/13

POP 7/13

Posterior compartment

Outlet obstruction 12/13

Rectocele 12/13

Anismus 11/13

Fecal incontinence 10/13

Recurrence after surgical POP repair 9/13

Rectal intussusception 8/13

Non-specific compartment

Pelvic pain / perineal pain 7/13

Descending perineal syndrome 7/13

POP pelvic organ prolapse

* The indications of MRI in each compartment are listed in a descending

order from those that scored the highest number of agreement among both

the group members and the literature review

** Number of group members n = 13
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the supine position with the knees elevated (e.g. on a

pillow with firm consistency) as this was found to facil-

itate straining and evacuation (consensus 100 %). The

coil should be centered low on the pelvis to ensure com-

plete visualization of prolapsed organs [4, 15]. The blad-

der should be moderately filled, therefore voiding 2 hours

before the examination is recommended (consensus

100 %).

Prior to the examination the patient should be trained on

how to correctly perform the dynamic phases of the examina-

tion and the evacuation phase (consensus 100 %). The patient

is instructed to squeeze as if trying to prevent the escape of

urine or feces and hold this position for the duration of the

sequence. For maximum straining, the patient is instructed to

bear down as much as she/he could, as though she/he is con-

stipated and is trying to defecate [15]. For the evacuation

phase, the patient should be instructed to repeat the evacuation

process until the rectum is emptied.

To decrease possible patient’s discomfort, a protective pad

or a diaper pant should be offered to the patient, which helps to

increase patients’ compliance during dynamic and evacuation

phases (consensus 100 %). No oral or intravenous contrast is

necessary [15].

The rectum should be distended in order to visualize the

anorectal junction (ARJ), rectoceles and intussusceptions, and

to evaluate the efficacy of rectal evacuation (consensus

100 %). Ultrasound gel is the recommended medium to dis-

tend the rectum, however, the amount varies between 120 to

250 cc (consensus 100 %). For rectal distension a large

amount of gel (180-200 cc) likely improves the capacity of

the patient to defecate. A checklist for the recommended pa-

tients’ preparation is listed in (Table 2).

A rectal cleansing enema prior to the examination is helpful

but reached no consensus to be generally performed. Vaginal

filling with 20 cc ultrasound gel is helpful for better demarca-

tion, however, it reached no consensus for general perfor-

mance and its application may be limited due to social or

religious backgrounds.

MR-imaging protocol

The recommended MR-imaging protocol is summarized in

(Table 3). The protocols consists of static MR sequences

and dynamic sequences, whereas dynamic means imaging

during straining, squeezing and during evacuation or

defecation.

According to the concordance of experts and level of

evidence, high resolution T2-weighted images (T2WI)

(e.g. Turbo Spin Echo, TSE ; Fast Spin Echo, FSE;

Rapid Acquisition with Relaxation Enhancement, RARE)

Table 2 Checklist for the recommended patients’ preparation and MR-Imaging protocols

Done
Concordance 

of experts           
n=8

Level of 
Evidence*

Reference

A Patients’ preparation

Equipment: preferable 1.5 T magnet and phased array coil 100% 4

Take patients’ history of pelvic floor disorder 100% 4

Ask the patient to void 2h before the examination 100% 4

Train the patient on how to perform squeezing, straining and evacuation 100% 4

Use a diaper for protection 100% 4

Do rectal filling with ultrasonic gel 100% 4

Examine the patient in supine position with elevated knees on a high pillow 100% 4

B MR-imaging protocol

1 Recommended static sequences  

T2-weighted TSE, FSE, RARE in sagittal, transverse and coronal plane 100% 2 [15, 17]

2 Recommended dynamic SSFP or BSFP sequences in sagittal plane

Straining phase 100% 2 [17−19]

Evacuation phase 100% 2 [16, 17, 19]

Squeezing phase 88% 2 [17, 20]

BSFP balanced state free precession, FSE fast spin echo, RARE rapid acquisition with relaxation enhancement, SSFP steady state free precession, TSE

turbo spin echo

* Level of evidence 2 = based on systematic reviews, case control or cohort studies; Level of evidence 4 = based on expert opinion (www.sign.ac.uk)
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in three planes are recommended for static images, whereas

steady state (e.g. FISP, GRASS, FFE, PSIF, SSFP, T2-FFE)

or balanced state free precession sequence (e.g. trueFISP,

FIESTA, B-FFE) in sagittal plane is recommended for

dynamic sequences (squeezing and straining) and evacuation

sequence (consensus 100 %). The dynamic sequence

should not exceed 20 seconds each, as breath holding is

required (consensus 100 %). The evacuation sequence

Fig. 2 Schedule of the recommended imaging sequences, the instruction given to the patient and the time duration per sequence

Fig. 3 Basicmeasurements. a. Dynamic Balanced Fast Field Echo (BFFE)

sequence in the midsagittal plane at rest shows how to plot the basic mea-

surements of pelvic organ prolapse. The pubococcygeal line (PCL), drawn

on sagittal plane from the inferior aspect of the pubic symphysis (PS) to the

last coccygeal joint. After defining the PCL, the distance from each refer-

ence point is measured perpendicularly to the PCL at rest and at maximum

straining. B; bladder base, C; cervix, P; pouch of Douglas, ARJ; Anorectal

junction. Measured values above the reference line have a minus sign,

values below a plus sign. b. Dynamic BFFE during maximum straining

shows the movement of the organs compared to their location at rest. It is

recommend to give the difference of the values at rest and during straining

for each organ-specific reference point (pelvic organ mobility). R;

Rectocele, ARJ; Ano-Rectal Junction. c. MRI defecography (BFFE) in

the mid sagittal plane during evacuation of the intra-rectal gel. Dynamic

MR imaging during evacuation is mandatory, because certain abnormalities

and the full extent of POP are only visible during evacuation. In this case

compared to the maximum staining phase it is obvious that there is increase

of the degree of the pelvic organ descent and development of new pathol-

ogy including the loss of urine and the detection of masked intussusception,

which was detected only during excavation (white arrow)
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should be repeated until the rectum is emptied to exclude

rectal intussusception (total time duration around 2-3

minutes)(consensus 100 %). Dynamic MR imaging during

evacuation is mandatory, because certain abnormalities

Table 4 Checklist for the recommended MRI reporting scheme

Done
Concordance 

of experts 
n=8

Level of 
Evidence*

Reference

A Measurements

1 Basic measurements for all compartments

Determine PCL 100% 2 [15, 24] 

Determine organ-specific reference points 100% 2 [25]

Measure the descent of reference points below the PCL 100% 2 [15, 26] 

2 Measurements for posterior compartment

Measure the bulging of the anterior rectal wall at evacuation phase/straining phase 100% 2 [15, 20]

Measure the ARA at rest - squeezing phase - straining phase/evacuation phase 100% 2 [16, 27]

B Reporting

1 Basic reporting for all compartments

Report values above the PCL as negative and below as positive 100% 2 [28]

Report pelvic organ mobility 100% 2 [8, 25] 

2 Reporting for anterior compartment

Report loss of urine at straining phase 88% 2 [15]

Report urethral mobility at straining phase 88% 2 [29]

3 Reporting for middle compartment

Report uterine descent 100% 4 [15]

Report the content of a present enterocele 100% 4 [15]

4 Reporting for posterior compartment

Report presence of a rectal intussusception 100% 2 [19, 30]

Evaluate time-effective rectal evacuation 88% 2 [31]

Point out the change of ARA 100% 4

C Grading 

1 Anterior compartment

Use the “rule-of-three’ grading for cystocele 100% 2 [32, 33] 

Report cystocele as pathological starting from °II 88% 4 [33]

2 Middle compartment

Use the “rule-of-three’ grading for uterine prolapse and enteroceles 100% 2 [34, 35] 

Report POP as pathological starting from °II 88% 4 [35]

3 Posterior compartment

Use the grading for Anorectal Junction descent (ARJ) starting at 3 cm below the 
PCL 100% 2 [19, 36]

Report a rectocele as pathological starting from °II 100% 2 [19, 20]

Use the “rule-of-two” grading for rectoceles 88% 2 [16, 19]

PCL pubococcygeal line, ARA anorectal angle, POP pelvic organ prolapse, ARJ anorectal junction

* Level of evidence 2 = based on systematic reviews, case control or cohort studies; Level of evidence 4 = based on expert opinion (www.sign.ac.uk)
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and the full extent of POP is only visible during evacua-

tion. Optional MRI sequences can be added and acquired

for further assessment of pelvic floor relaxation. These

include axial and coronal dynamic sequences during max-

imum straining. Illustration of all the recommended imag-

ing sequences and patients’ maneuvers is summarized in

(Fig. 2).

Since the performance of adequate pelvic stress during the

dynamic sequences is important in order to assess the full extent

of PFD, quality control of the study is essential. The study can

only be considered diagnostic if a clear movement of the ab-

dominal wall is seen during squeezing and straining. If no evac-

uation of rectal content at all or a delayed evacuation time (more

than 30 seconds to evacuate 2/3 of the rectal content) is present,

anismus should be considered (consensus 88 %) [23].

Image analysis, measurements, grading and MRI report

Image analysis

A clear consensus was reached that the assessment of a MR

study of the pelvic floor should include analysis of static im-

ages for detection and classification of structural abnormali-

ties. The dynamic images are analyzed with regard to func-

tional abnormalities that are assessed by metric measurements

of the three compartments of the pelvic floor (consensus

100 %) (Fig. 3). The measurements help to recognize and

grade the extent of POP and pelvic floor relaxation (PFR),

as well as they are used to grade anterior rectoceles and

enteroceles (consensus 100 %). Both static and dynamic

MRI findings as well as the results of the metric measurements

should be reported in a structured MR reporting scheme (con-

sensus 100 %) (Table 4).

Due to the different views of the clinical specialists in-

volved in the treatment of PFD, it is suggested to consider

adapting the MRI reporting scheme according to the specialty

of the referring physician. A proposal for a specialty-based

MRI report is given in (Table 5).

Measurements

The pubococcygeal line (PCL), drawn on sagittal plane from

the inferior aspect of the pubic symphysis to the last coccygeal

joint, is recommended as reference line to measure POP (con-

sensus 100 %). It shows the highest inter- and intraobserver

reliability of MRI measurements in women with POP of the

anterior and middle compartment compared to all proposed

reference lines in the literature with an intercorrelation coeffi-

cient (ICC) between 0.70-0.99 (Fig. 3a) [14, 37, 38].

After defining the PCL, the distance from each reference

point is measured perpendicularly to the PCL at rest and at

maximum strain (consensus 100 %) [26, 29]. In the anterior

compartment, the organ-specific reference point is the most

inferior aspect of the bladder base (B), in the middle compart-

ment, the organ-specific reference point is the anterior cervical

lip (most distal edge of the cervix)(C), or the vaginal vault in

case of previous hysterectomy (V), and in the posterior

Table 5 Specialty-based MRI reporting scheme

Urologic patients

Report of pathologies if present

During dynamic sequences

Loss of urine through the urethra at maximum straining

Hypermobility of the urethra

Kinking of the vesicourethral junction

Uretherocele

Cystocele; type (distension or displacement), size (cm), grade

On static images

Damage of the supporting urethral ligaments

Avulsion or defect of the puborectal muscle

Measurements

Pelvic organ mobility

Pelvic floor relaxation

Iliococcygeus angle

Hiatal dimensions

Further evaluation

Additional findings regarding the pelvic organs*

Coexistent middle and posterior compartment disorders

(Uro)gynecologic patients

Report of pathologies, if present:

During dynamic sequences

Cystocele; type (distension or displacement), size (cm), grade

Uterine prolapse: partial or total

Enterocele: type (content of the peritoneal sac), size (cm), grade

On static images

Avulsion or defect of the puborectal muscle

Measurements

Pelvic organ mobility

Pelvic floor relaxation

Iliococcygeus angle

Hiatal dimensions

Further evaluation

Additional findings regarding the pelvic organs*

Coexistent anterior and posterior compartment disorders

Proctologic patients

Report of pathologies, if present:

During dynamic sequences

Rectocele: type (anterior or rarely posterior) size (cm), grade

Rectal mucosal invagination or prolapse: differentiation,

extent, grade

Rectal descent: distance to PCL (cm), grade

Enterocele: type (content of the peritoneal sac), size (cm), grade

Lack of changes of ARA

Insufficient opening of the anal canal with inadequate rectal emptying

during evacuation

Rectal intussusception

Measurements

Rectocele

Rectal decent

ARA

Pelvic organ mobility

Pelvic floor relaxation

Further evaluation

Additional findings regarding the pelvic organs*

Coexistent anterior and middle compartment disorders

ARA anorectal angle, PCL pubococcygeal line, PFD pelvic floor disorder.

* e.g. adnexal lesions, uterine diseases, urethral and bladder diverticula,

diverticulosis, diverticulitis
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compartment, the organ-specific reference point is the

anorectal junction (ARJ) (consensus 100 %) (Fig. 3a) [15,

16, 20, 25, 29, 39]. Measured values above the reference line

have a minus sign, values below a plus sign (consensus

100 %) [25].

Reporting of the movement of the organs compared to their

location at rest is stated to give more valuable information for

the referrer than a grading system alone [8, 25]. We therefore

recommend giving the difference of the values at rest and

during straining for each organ-specific reference point (pelvic

organ mobility)(consensus 100 %) (Fig 3a, b).

A rectocele is diagnosed as an anterior rectal wall bulge and

it is measured during maximum straining and evacuation

(Fig 4). Typically, a line drawn through the anterior wall of the

anal canal is extended upward, and a rectal bulge of greater than

2 cm anterior to this line is described as a rectocele (consensus

100 %) [28, 34]. 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 (Fig. 4b) at rest,

squeezing and maximum straining (consensus 100 %) [20, 27].

Pelvic floor relaxation (PFR) often coexists with POP, but it

is a different pathologic entity. For quantification of the

Fig. 4 Pelvic floor relaxation and posterior compartment measurements.

a,b,c Dynamic Balanced Fast Field Echo (BFFE) sequence in the mid-

sagittal plane at rest (a) , mild (b), and maximum straining (c). (a) shows

how to quantify the pelvic floor laxity. The H-line extends from the

inferior aspect of the pubic symphysis to the anorectal junction, the M-

line is dropped as a perpendicular line from the pubococcygeal line (PCL)

to the posterior aspect of the H-line. (b) Demonstrates the anorectal angle

(ARA) drawn along the posterior border of the rectum and a line along the

central axis of the anal canal on sagittal plane. ARJ; Ano-Rectal Junction.

(c) Shows how to measure and diagnose a pathological rectocele: a line

drawn through the anterior wall of the anal canal is extended upward, and

a rectal bulge of greater than 2 cm anterior to this line is described as a

rectocele (R). The levator plate angle (LPA) is enclosed between the

levator plate and the PCL. d,e. Dynamic Balanced Fast Field Echo

(BFFE) sequence in axial (d) and coronal (e) plane at rest and during

maximum straining. In the axial plane the width of the levator hiatus is

enclosed between the puborectalis muscle slings. On the coronal plane,

the iliococcygeus angle is measured between the iliococcygeus muscle

and the transverse plane of the pelvis in posterior coronal images at the

level of the anal canal
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weakness of the levator ani and to reflect pelvic floor laxity,

five measurements can be performed [15] , however, it

reached no consensus to measure it routinely. The length of

the hiatus (H-line), the descent of the levator plate (M-line)

and the levator plate angle are evaluated in the sagittal plane

(Fig 4a, c), whereas the transverse width of the levator hiatus

and the iliococcygeus angle are assessed in the axial and cor-

onal plane during maximum straining(Fig. 4e,d) [15]. Table 6

provides an overview of the entire spectrum of the published

reference values for quantitative MR-measurements of the

pelvic floor.

Grading

The BRule of three’ is the recommended grading system in the

anterior and middle compartment starting at 1 cm below the

PCL (Table 4) [15, 16, 32, 34, 40]. This is based on the fact

that the pelvic floor may descend and widen up to 2 cm during

abdominal pressure. Consequently, the pelvic organs follow

the movement of the pelvic floor inferiorly but without pro-

trusion through their respective hiatuses [4]. The bladder base,

particularly, may descend up to 1 cm below the PCL during

straining in continent women and should not be stated as a

cystocele (consensus 100 %) [24, 34].

The BRule of two^ is recommended for grading the anterior

rectal wall bulge in rectoceles (consensus 100 %) (Table 4)

[16; 23; 25; 26; 31]. It 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 [20, 28, 41].

Anorectal junction descent (ARJD) is graded (grade °I)

between 3 and 5 cm below the PCL, and (grade °II) with at

least 5 cm (consensus 100 %) [36].

Small intussusceptions of the rectal wall are considered to

be normal findings during defecation, observed in nearly 80%

of healthy subjects [41].

Reporting other functional abnormalities and structural

defects

Functional abnormalities on dynamic MR images

Loss of urine through the urethra during maximum straining

records urinary incontinence (UI) and should be reported if

present (consensus 88 %)[15]. Urethral hypermobility as a

predictor for UI should be reported if present (consensus

88 %) [29]. If a cystocele is present, the differentiation of a

distention or a displacement cystocele can be made, which is

helpful for therapy planning, however it reached no consensus

for general reporting [42].

If an enterocele is present, the report should include the

content of the peritoneal sac, as clinical examination alone

Table 6 Overview of the

published reference values for

quantitative MR-measurements

of the pelvic floor

Parameters Reference value ±

standard deviation

Reference

Anterior compartment

Bladder base position (according to PCL) at rest −2.3 ± 0.46 cm [39]

Bladder base position

(according to PCL) during straining

0.81 ± 1.11 cm [39]

Middle compartment

Anterior cervical lip position

(according to PCL) at rest

4.31 ± 0.78 cm [39]

Anterior cervical lip position

(according to PCL) during straining

−0.79 ± 1.65 cm [39]

Posterior compartment

Anterior bulge of the rectal wall during

straining (rectocele)

2.6 ± 0.6 cm [39]

Ano rectal junction (ARJ) at rest ≤3 cm below the PCL

0.53 ± 0.99 cm

[34, 39]

ARJ during squeezing Elevation of ARJ [36]

ARJ during straining 2.99 ± 1.03 cm [39]

Anorectal angle (ARA) at rest 85-95°

93° ± 4.8°

[31, 39]

ARA during squeezing 71° sharpening of 10-15° [16, 27]

ARA during straining or defecation 103° 15-25° more obtuse

108° ± 14.7°

[16, 27, 39]

Measurements for quantification of the pelvic floor laxity

H-line (hiatus) during straining 5.8 ± 0.5 cm [15]

M-line (descent of H-line to PCL) during straining 1.3 ± 0.5 cm [15]

Levator plate angle during straining 11.7 ± 4.8° [15]

Iliococcygeus angle at rest 20.9 ± 3.5° [15]

Iliococcygeus angle during straining 33.4 ± 8.2° [15]

Transverse diameter of levator hiatus at rest 3.3 ± 0.4 [15]

Transverse diameter of levator hiatus during straining 4.5 ± 0.7 cm [15]
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may have shortcomings in identifying the content (consensus

100 %) [5, 20, 22, 31, 43].

The end of evacuation phase is important to identify

intussuception (Fig. 3c) [30].

The change of the ARA during dynamic and evacuation

sequence compared to the ARA at rest expresses the function-

ing of the puborectal muscle. In particular, the ARA should

sharpen during squeezing and should become more obtuse

during straining and evacuation [16, 27, 39]. We recommend

to report the individual function, as the literature presents with

a widespread of normal reference values (consensus 100 %).

Structural defects on static MR images

Description of structural defects and anatomical abnormali-

ties, that are assessed in static T2WI are more likely

specialty-based PFD-related questions from the referrer

(Table 5). The functional three-part pelvic supporting system

(Fig. 5) includes the urethral support system, which maintains

urinary continence; the vaginal support system, which pre-

vents prolapse; and the anal sphincter complex that maintains

anal continence. Urethral support system defects may include

urethral ligament defect and / or distortion, level III

endopelvic fascial defects, or puborectalis muscle

detachment(Fig. 5b), disruption, atrophy or avulsion [15, 18,

21, 33, 44–46]. The spectrum of vaginal support system ab-

normalities includes level I and II paravaginal fascial defects

and/or iliococcygeus diffuse or focal muscle abnormality [35].

Limitations of the study

The study has few limitations. Four panelists who partic-

ipated in Step 1 and 2 of the study were from the same

institution. Therefore, only 1 out of their 4 completed

questionnaire was included in the final analysis to avoid

biased results. Nevertheless, since all 8 panelists who

have completed the questionnaire were from different in-

stitutions these recommendations can be considered to

represent the entire spectrum of expert opinions in the

field of pelvic floor MRI. Second, the recommendations

given in this study with regard to technical aspects of

MRI of the pelvic floor relate to conventional closed-

configuration magnets for MR imaging allowing patient

positioning in lying body position only. However, this is

the most agreed upon scanner, in addition several studies

have shown that patient positioning does not significantly

influence diagnostic performance of MR imaging of the

pelvic floor [17, 19, 47, 48].

Conclusion

Based on an extensive literature review and analysis and of

expert consensus, these proposed recommendations can be

used as guidance for standardized MR imaging and reporting

of PFD. Nevertheless, our joint ESUR-ESGAR pelvic floor-

working group is aware about the complexity of the topic and

that further studies are mandatory to achieve additional refine-

ments of guidelines for MR imaging, diagnosing and

reporting of PFD.

Fig. 5 Functional three -part pelvic supporting system. a,b. Static T2W

Turbo-Spin Echo (TSE) MR images in sagittal and axial plane. (a)

Sagittal MR image illustrating the levels of the endopelvic fascia

(paracolpium) that attaches the upper vagina to the pelvic walls, it is

divided into three levels. Level I (suspension); the portion of the vagina

adjacent to the cervix (the cephalic 2–3 cm of the vagina) functionally it

provides the upper vaginal support. Level II (attachment); located in the

mid portion of the vagina, it stretches the vagina transversely between

bladder and rectum. The anterior vaginal wall provides urinary bladder

support. The posterior vaginal wall and the endopelvic fascia

(rectovaginal) form a restraining layer that prevents the rectum from pro-

truding forward. (b) Axial T2W image shows detachment of the

puborectalis muscle from its origin identified by discontinuity of its at-

tachment to the pubic bone on the right side (dotted black arrow) (white

arrow, normal bony attachment), (** loss of H-shaped vagina on the right

side), (*; normal lateral vaginal attachment on the left side)
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Appendix 1 Data sheet created to collect the details

of the technical protocols of the group members

and for literature review

General

Institution Name Author Referrer

1 = gynecologist

2 = urologist

3 = proctologist

4 = other

Indication for MRI of the pelvic floor Compartment examined

1 = anterior

2 =middle

3 = posterior

4 = anterior and middle

5 = all of them

Patient preparation

Preparation of

upper GI-

tract

0 = no

1 = yes

Rectal enema

0 = no preparation

1 = cleansing

enema

Rectal filling

0 = no filling

1 = ultrasonic

gel

2 = potato starch

3 = air

Volume of rectal

filling (ml)

Use of urethral

Folys

catheter

0 = no

1 = yes

Bladder filling

0 = empty

1 =moderately

filled

2 = full

3 = 1 h void

4 = 2 h void

Vaginal

filling

0 = no filling

1 = sterile gel

2 = normal

gel

Use of IV contrast

0 = no

1 = yes

MR scanner

MR-scanner

1 = 1.0 T

2 = 1.5 T

3 = 3 T

4 =<1

MR-scanner

0 = conventional scanner

1 = open scanner

2 = upright scanner

Coil Selection

Patient instruction and positioning
Patient Training
0 = on grades of straining
1 = on evacuation
2 = on withholding

patient positioning
1 = supine
2 = sitting
3 = lateral right
4 = lateral left
5 = prone
6 = upright

patient positioning
0 = legs side by side
1 = legs separated
2 = knees elevated
3 = upright

Imaging protocol

Static MRI sequences Dynamic cine MRI sequence

during different patients' maneuvers

Number of phases

A= 3 phases (rest, squeezing, strain)

B = 4 (rest, squeezing, moderate- max strain)

C = 5 (rest, squeezing, mild- moderate -max strain)

MR Defecography

1 = real time fluoroscopy

2 =multiple repetitions

Geometry (for every sequence)

Sequence

1 =T1w

2=T2w

Plane

1 = tra

2 = sag

3 = cor

FOV (mm)

RFOV(%)

Fold over

suppression

Matrix scan

Matrix recon-struction Scan per-

centage

Number of slices

Slice thickness

(mm)

Slice gap

Slice

orientation

Fold over

direction

REST slabs

1 = free

2 = parallel

Contrast (for every sequence)

Scan mode

1 = 2D

2= 3D

Technique

1 = SE

2 =GE

Echoes TE (msec)

TR (msec)

Flip Angle Half Scan Number of signal acquisition Total scan duration
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Name:

Institution:

Who refers the patients to your institution?

gynecologist urologist proctologist

Indications: feeling of foreign body urinary incontinence Rectal outlet obstruction symptoms

dyspareunia urinary retention Rectal (fecal) incontinence

pre- and post surgery recurrent cystitis Intussusception

recurrent POP nycturia Enterocele, Sigmoidocele

pre- and post surgery Rectocele

recurrent POP Anismus

Pre- and post surgical repair of rectal outlet 
obstruction

other:

Do you use the same preparation for all patients, independent of the referrer?

yes no If NO, please fill out all sheets (referrer-dependend)

Do you use the same protocol/sequences for all patients, independent of the referrer?

yes no If NO, please fill out all sheets (referrer-dependend)

Do you recommend an enema prior to the examination? gynecology

urology

no yes proctology

Patients positioning: gynecology urology proctology

supine supine supine

lateral decubitus lateral decubitus lateral decubitus

Which coil do you use? standard body coil

phased array coil

other:

Sequences you use: gynecology urology proctology

only dynamic only dynamic only dynamic 

static and dynamic static and dynamic static and dynamic

other:

How long takes the dynamic sequence, how many repeating measurements do you perform with how many slices?

MR Scanner used: 1.0T

1.5T

3.0T

open

Patients from the GYNECOLOGIST

Preparation empty bladder vaginal filling rectal filling

full bladder no vaginal filling ml agens:

not important no rectal filling

static: Angulation: ST (mm) FOV (cm) first/last slice:

Important sequences T2 high resolution sag

tra

cor

T1 high resolution

PD

other:

squeezing:
ST (mm)/FOV 
(cm)

sag
steady-state free precession 
(FISP,GRASS,FFE,PSIF,SSFP,T2-FFE)

tra balanced state free precession (trueFISP, FIESTA, b-FFE)

cor

straining:
ST (mm)/FOV 
(cm)

sag
steady-state free precession 
(FISP,GRASS,FFE,PSIF,SSFP,T2-FFE)

tra balanced state free precession (trueFISP, FIESTA, b-FFE)

cor

defecation:
ST (mm)/FOV 
(cm)

sag
steady-state free precession 
(FISP,GRASS,FFE,PSIF,SSFP,T2-FFE)

tra balanced state free precession (trueFISP, FIESTA, b-FFE)

Appendix 2 Questionnaire for ESUR/ESGAR pelvic

floor recommendations
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cor

NOTES:

Patients referrred from the UROLOGIST

Preparation empty bladder vaginal filling rectal filling

full bladder no vaginal filling ml agens:

not important no rectal filling

static: Angulation: ST (mm) FOV (cm) first/last slice:

Important sequences T2 high resolution sag

tra

cor

T1 high resolution

PD

other:

squeezing:
ST (mm)/FOV 
(cm)

sag
steady-state free precession 
(FISP,GRASS,FFE,PSIF,SSFP,T2-FFE)

tra balanced state free precession (trueFISP, FIESTA, b-FFE)

cor

straining:
ST (mm)/FOV 
(cm)

sag
steady-state free precession 
(FISP,GRASS,FFE,PSIF,SSFP,T2-FFE)

tra balanced state free precession (trueFISP, FIESTA, b-FFE)

cor

defecation:
ST (mm)/FOV 
(cm)

sag
steady-state free precession 
(FISP,GRASS,FFE,PSIF,SSFP,T2-FFE)

tra balanced state free precession (trueFISP, FIESTA, b-FFE)

cor

NOTES:

Patients referred from the PROCTOLOGIST

Preparation empty bladder vaginal filling rectal filling

full bladder no vaginal filling ml agens:

not important no rectal filling

static: Angulation: ST (mm) FOV (cm) first/last slice:

Important sequences T2 high resolution sag

tra

cor

T1 high resolution

PD

other:

squeezing:
ST (mm)/FOV 
(cm)

sag
steady-state free precession 
(FISP,GRASS,FFE,PSIF,SSFP,T2-FFE)

tra balanced state free precession (trueFISP, FIESTA, b-FFE)

cor

straining:
ST (mm)/FOV 
(cm)

sag
steady-state free precession 
(FISP,GRASS,FFE,PSIF,SSFP,T2-FFE)

tra balanced state free precession (trueFISP, FIESTA, b-FFE)

cor

defecation:
ST (mm)/FOV 
(cm)

sag
steady-state free precession 
(FISP,GRASS,FFE,PSIF,SSFP,T2-FFE)

tra balanced state free precession (trueFISP, FIESTA, b-FFE)

cor

NOTES:

Please list the papers, which are the basis for the protocols and the evaluation in your 
institution: 
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compartment
s: anterior bladder middle vagina posterior anus

urethra uterus rectum

cervix
bowel/Pouch of 
Douglas

bowel/Pouch of 
Douglas

reference points/landmarks:

anterior: bladder neck

bladder base

middle: anterior cervical lip

posterior cervical lip

most distal part of cervical lumen

vaginal vault after hysterectomy

posterior peritoneal reflecting fold/lowest part of pouch of 
Douglas

other:

posterior:
posterior peritoneal reflecting fold/lowest part of pouch of 
Douglas

anterior rectal wall

anterior anorectal wall

reference 
line: anterior compartment middle compartment

posterior 
compartment

pubococcygeal line

mid pubic line

horizontal line

PICS line

SCIPP line

anal line

perineal line

Definition of endpoint of PCL:

sacrococcygeal joint (=SCIPP-line)

lowest margin of os 
coccygeus

last coccygeal joint

other:

Definiton of measured values:

reference point above the reference line plus sign reference point below the reference line plus sign

minus sign
minus 
sign

measurements for defecography:

anorectal angle ARA

anorectal junction ARJ

anteroposterior hiatal dimension (H-line)

descent of H-line to PCL (=M-line)

descent of ARJ to PCL (=rectal descent)

outpouching of anorectal wall perpendicular to anal line (rectocele)

other

Definition of time-effective evacuation of the rectum
1/2 of the filled 
rectum

2/3 of the filled 
rectum

complete evacuation

other:

in how many seconds?

Definition of Pathology: any measured descent of the reference point

at least grade 1

grade 2 or higher

any cofactors?

any outpouching of the rectal wall

at least grade 2 (>2cm)

any cofactors?

NOTES:
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GRADING SYSTEMS:

Do you use different grading systems depending on the reference line? yes

no

Do you use different grading sytems depending on the 
referrer? yes

no

Do you recommend using a grading system at all? yes

no

PELVIC ORGAN PROLAPSE (please sign, if you use one of the listed system and for which 
referrer)

Boyadzhyan, Radiographics 2008 Grade 0: above the H-Line gynecology

Grade 1: 0 - 2 cm below the HL urology

Grade 2: 2 - 4 cm below the HL proctology

Grade 3:
> 4 cm below the 
HL

Hecht, AJR 2008 Grade 0: < 1cm below PCL gynecology

Grade 1:
1 - 2 cm below 
PCL urology

Grade 2:
2 - 4 cm below 
PCL proctology

Grade 3: > 4 cm below PCL

Yang 1991 Cystocele: B at least + 1 cm below PCL gynecology

Uterine prolapse: C/V  at maximum - 1 cm above PCL urology

Rectocele: R at least + 2,5 cm below 
PCL proctology

Haylen, N and U 2010 Stage 0: No prolapse is demonstrated.

Stage I: Most distal portion of the prolapse is > 1 cm above the level of the hymen.

Stage II: Most distal portion of the prolapse is ≤1 cm proximal to or distal to the hymen

Stage III: The most distal portion of the prolapse is > 1 cm below the plane of the hymen

Stage IV: Complete eversion of the total length of the lower genital tract is demonstrated.

gynecology

urology

proctology

Short POP-Q Version AGUB Grade 0 No prolapse is demonstrated.

Grade 1 Most distal portion of the prolapse is > 1 cm above the level of the hymen.

Grade 2
Most distal portion of the prolapse reaches the  
introitus

Grade 3 Most dital portion of the prolapse is > 2cm below the introitus

Grade 4 Complete eversion of the total length of the lower genital tract is demonstrated.

gynecology

urology

proctology

Colaiacomo,RadioGraphics 2009 Cystocele

(Kelvin AJR 1999) Grade 0: up to +1cm below PCL gynecology

Grade 1: +1 to +3 cm below PCL urology

Grade 2: +3 to +6 cm below PCL proctology

Grade 3: > + 6 cm below PCL

Vaginal Vault

Grade 0: above PCL gynecology

Grade 1: 0 to +3 cm below PCL urology

Grade 2: +3 to +6 cm below PCL proctology

Grade 3: > + 6 cm below PCL

Rectocele

Grade 0: no outpouching gynecology

Grade 1: outpouching up to 2 cm urology

Grade 2: outpouching between 2 and 4 cm proctology

Grade 3: outpouching > 4 cm

Woodfield, Int Urogyn J 2009 Grade 0: above PCL

Grade 1: descent < 3cm below PCL gynecology

Grade 2: descent 3-6 cm below PCL urology

Grade 3: descent > 6 cm below PCL proctology

Grade 4: complete organ prolapse

Grade 0: no descent

Grade 1: descent to 1cm proximal to 
MPL gynecology

Grade 2: descent between 1cm proximal and distal MPL urology

Grade 3: descent between 1cm distal MPLand 2cm – TVL proctology

Grade 4: descent from 2 cm –TVL to complete prolapse

other:

NOTES:
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Introduction:  To  investigate whether MR-defecography  can  be employed  in sensorimotor  complete spinal

cord  injury  (SCI)  subjects  as  a  potential  diagnostic tool  to  detect defecational  disorders associated with

neurogenic  bowel dysfunction (NBD)  using standard parameters  for  obstructed  defecation.

Material and  methods:  In  a prospective single  centre  clinical  trial, we  developed MR-defecography  in

traumatic  sensorimotor  complete paraplegic  SCI patients  with  upper motoneuron type  injury  (neuro-

logical  level of injury  T1  to  T10) using a conventional  3T scanner.  Defecation  was successfully induced

by  eliciting  the defecational reflex  after  rectal filling  with  ultrasonic  gel, application  of two lecicarbon

suppositories  and  digital  rectal  stimulation.  Examination  was  performed  with  patients in left  lateral

decubitus  position using T2-weighted  turbo spin echo  sequence in the  sagittal  plane  at  rest (TE  89 ms, TR

3220 ms, FOV 300 mm, matrix  512  ×  512,  ST 4 mm) and  ultrafast-T2-weighted-sequence  in  the sagittal

plane with  repeating  measurements  (TE  1.54 ms, TR 3.51 ms, FOV 400 mm, matrix  256  × 256,  ST 6  mm).

Changes  of anorectal  angle  (ARA),  anorectal  descent (ARJ)  and pelvic floor  weakness were  documented

and  measured data was compared  to reference  values of asymptomatic non-SCI subjects in the  literature

to  assess feasibility.

Results: MR-defecography provides evaluable  imaging sequences of the  induced evacuation  phase in SCI

patients.  Measurement  results for  ARA,  ARJ,  hiatal width (H-line) and hiatal descent  (M-line)  deviate

significantly  from  reference  values in the literature in asymptomatic subjects  without  SCI.  The overall

mean values  in  our  study  for SCI patients  were: ARA (rest)  127.3◦, ARA  (evacuation)  137.6◦, ARJ (rest)

2.4  cm, ARJ  (evacuation)  4.0  cm, H-line (rest)  7.6 cm, H-line  (evacuation) 8.1 cm, M-line  (rest) 2.6  cm,

M-line  (evacuation) 4.2  cm.

Conclusions:  MR-defecography  is feasible  in sensorimotor  complete SCI patients.  Individual  MR-

defecography findings may help  to  determine specific therapeutical options  for respective patients

suffering  from severe  NBD.

© 2017  Elsevier B.V.  All  rights reserved.

Abbreviations: ARA, anorectal angle; ARJ,  anorectal junction; ASIA, American Spinal Injury Association; FOV, field of view; LMN, lower motoneuron; MRI, magnetic

resonance imaging; NBD, neurogenic bowel dysfunction; NLI, neurological level of  injury; PCL, pubococcygeal line; SCI,  spinal cord injury; ST, slice thickness; TE, time of

echo; TR, time of repetition; UMN, upper motoneuron.
∗ Corresponding author. Present address: University Dusseldorf, Medical Faculty, Department of  Diagnostic and Interventional Radiology, D-40225 Dusseldorf, Germany.

Tel.: +492118117754.

E-mail addresses: Cornelia.putz@med.uni-heidelberg.de (C. Putz), celine.alt@med.uni-duesseldorf.de (C.D. Alt), cornelia.hensel@med.uni-heidelberg.de

(C. Hensel), bjoernwagner15@aol.com (B. Wagner), simone.gantz@med.uni-heidelberg.de (S. Gantz), hj.gerner@urz.uni-heidelberg.de (H.-J. Gerner),

Norbert.weidner@med.uni-heidelberg.de (N. Weidner), l.grenacher@diagnostik-muenchen.de (L.  Grenacher).
1 C.P. and C.D.A. equally contributed to this manuscript and serve as shared first authors.
2 Present address: Diagostic Clinic Munich, Department of Radiology and Nuclear Medicine, Augustenstraße 115, 80798 München, Germany.

http://dx.doi.org/10.1016/j.ejrad.2017.02.036

0720-048X/© 2017 Elsevier B.V. All rights reserved.



16 C.  Putz et al.  / European Journal of Radiology 91 (2017)  15–21

1. Introduction

Following spinal cord injury, neurogenic bowel dysfunction

(NBD) is defined as  a colonic dysfunction due to a lack of  central

control based on an upper motoneuron (UMN) or lower motoneu-

ron (LMN) lesion with reflexive or areflexive bowel, respectively [1].

It constitutes a major physical and psychological problem in indi-

viduals with spinal cord injury (SCI) with a high impact on quality

of life and restriction of  social activities [1–3].

Patients with sensorimotor complete SCI,  classified by the

American Spinal Injury Association Impairment Scale (AIS) as AIS

grade A (AIS-A), lose sensation of rectal filling, anal sensibility and

the ability to evacuate their bowels resulting in  impaired defeca-

tion [4]. The improvement of  bowel function is considered amongst

the highest priorities in spinal cord injury patients [5].

All patients with complete SCI suffer from bowel-related symp-

toms and the frequency of gastrointestinal problems increases in

individuals who had been spinal cord injured for more than 5

years [3,6].  To prevent such gastrointestinal complications a  spe-

cific bowel management program during rehabilitation is required

to achieve efficient, effective and consistent stool evacuation to

avoid chronic overdistension of  the  colon [6].  Whereas normal indi-

viduals have synergistic activity between rectal smooth muscle

and pelvic striated muscles, it is hypothesized that SCI patients

have dyssynergic pelvic floor movements which contribute to

outlet obstruction [7]. This  constitutes one of the key factors

interfering with regular bowel function. Sphincter electromyog-

raphy findings indicate involuntary external as well as internal

anal sphincter activity supporting the notion that outlet obstruc-

tion may  be due to  persistant external anal sphincter contractions

[8], although results of  anorectal manometry did not reveal a

clear correlation to clinical bowel dysfunction [7].  Overall, the

exact pathophysiological process of outlet obstruction involving

the pelvic floor and anorectum of SCI patients has yet to be  exam-

ined.

The primary objective of this study was  to evaluate the fea-

sibility to perform MR-defecography in sensorimotor complete

SCI patients, who  are not able to squeeze or strain  actively. MR-

defecography provides visualization of all the compartments of the

entire pelvis with excellent soft tissue contrast without application

of radiation, allowing reproducible and quantifiable assessment

of defecation under standardized conditions [9]. First, we  estab-

lished an adopted procedure for MR-defecography examination in

patients with SCI using a conventional 3 Tesla (T)  scanner. Second,

we evaluated standard parameters for obstructed defecation and

compared these results to reference values of able-bodied subjects

in the literature.

2. Material and methods

This prospective clinical trial was conducted at the Spinal Cord

Injury Center, Heidelberg University Hospital, Germany, special-

ising in comprehensive care of  acute and chronic SCI patients.

Subjects were recruited from in  house and outpatients during

2010–2012 and those that met  the inclusion criteria were included

in the study. The study (trial number S-274/2008) was approved

by an ethics committee at Heidelberg Medical Faculty, Germany.

All patients gave informed written consent after explanation of the

procedure.

2.1. Patient population, inclusion and exclusion criteria

We enrolled patients with sensorimotor complete traumatic SCI

(American Spinal Injury Association Impairment Scale grade A;  AIS-

A) and a neurological level  of  injury (NLI) between Th1 and Th10 to

yield a homogenous patient population with only UMN  lesions [10].

AIS-A is defined as no preserved sensory or motor function in the

sacral segments S4-S5 [10].  As a result all patients suffer from neu-

rogenic bowel dysfunction, a dysfunction of the  colon (constipation,

faecal incontinence and disordered defecation) due to loss of  nor-

mal sensory and/or motor control or both [11]. To ensure, that our

patients had a stable condition in regards to their bowel manage-

ment, we  enrolled patients only 6 months after SCI. Patients with

non-traumatic paraplegia, traumatic brain injury, dementia, cauda

equina or conus medullaris lesion, polyneuropathy, inflammatory,

traumatic or neoplastic bowel disease, pre-existing pelvic floor

weakness or gastrointestinal surgical interventions were excluded.

Further, we excluded patients who did not meet the inclusion cri-

teria for MRI, e.g. cardiac pacemaker, metal foreign objects and

claustrophobia.

2.2. Defecation procedure, image acquisition and analysis

All MRI  studies, which were conducted for research purposes

only, were performed at  a conventional 3T MR scanner (Magnetom

Verio, Siemens, Erlangen, Germany). The exam date was scheduled

to meet the bowel evacuation rhythm of the patient.

As SCI patients require different kinds of  supporting measures

for inducing the defecation process (e.g.  suppositories, enemas,

digital stimulation), application of Lecicarbon (CO2) supposito-

ries and digital stimulation were determined for this study. The

preparation of the patients before and during MR-examination as

well as the performed MR-sequences are  listed in Table 1.  The

sequences were separately and independently analysed offline at a

PACS-workstation (GE Medical, USA) by a radiologist with 8 years

experience in pelvic floor imaging. The analysis was  performed

upon two  images: (1) a sagittal plane at rest after initial rectal

filling and (2) a sagittal plane during notable evacuation. As we ana-

lysed sensorimotor complete SCI patients, defined images during

squeezing (maximal  sphincter contraction) or volitional straining

could not be performed. Defecation in spinal cord  injured patients

is recommended in  lateral left-sided decubitus if sitting defecation

posture is not possible [12,13]. To  facilitate the practicality of addi-

tional interventions, e.g. digital rectal examination of the patient,

second filling and digital rectal stimulation, lateral decubitus was

the preferred position during rest and defecation.

Measurement of  parameters was  completed on the aforemen-

tioned sagittal images as follows (Fig. 1a–c):

The pubococcygeal line  (PCL), defined as  a straight line from the

inferior border of  the  pubic symphysis to the last coccygeal joint,

representing the  pelvic floor  level, was  drawn (Fig. 1a) [14,15]. The

horizontal line (H-line) represents the  anteroposterior hiatal width

of the levator plate and is  measured from the inferior  border of

the pubic symphysis to the  posterior aspect of the  anorectal wall

[16–18].  The M-line (M)  representing the  hiatal descent was mea-

sured perpendicular to the PCL to the posterior endpoint of the

H-line (Fig. 1a) [16–18].  The anorectal junction (ARJ), defined as

the cutting line between the  tangent to the posterior wall of  the

rectum and a  line along the  central axis of the  anal canal was plot-

ted and a  perpendicular line  to the  PCL was drawn to define rectal

descent (Fig. 1b) [9].  The anorectal angle (ARA) was  defined as the

angle between these two aforementioned cutting lines resulting in

the ARJ (Fig.  1b) [9]. Furthermore, the  maximum rectal diameter

before notable evacuation was  measured (Fig. 1c).

After acquisition of the data at rest and during induced defeca-

tion, the difference of the  measured values (�) was calculated for

all parameters.

To rate the measured findings, established grading systems for

pelvic floor weakness, including hiatal widening (H-line), levator

plate descent (M-line) and for rectal descent were used  (Table 2)

[16,19].  Routinely, all images were analysed for  the presence of an
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Table 1

Patient preparation and performance of  MR-defecography in  our study cohort.

Patients’ preparation

1 Ask the patient to avoid rectal evacuation prior to the examination to increase the probability of defecation during MRI

2 Ask the patient to empty the bladder by catheterization right before the examination

3 Position the patient in left decubitus position on a gel mat  with  knees  flexed for stable position and to avoid pressure sores

4 Perform digital rectal examination to assure that the patient has  no  obstruction

5 Do rectal filling with  body temperatured ultrasonic gel  using a rectal catheter connected with a bladder syringe

6 Insert two  suppositories of Lecicarbon (CO2) into  the  rectum to increase the stretching and to initiate defecation reflex

7 Repeat rectal filling and perform digital rectal stimulation if  there is no evacuation after 15 min

MR-imaging protocol

Sequence Plane TE  (ms) TR (ms) FOV (mm)  Matrix ST (mm)

1 T2-weighted turbo-spin-echo Transverse 89  5160 300  512 ×  512 4 Static

2 T2-weighted turbo-spin-echo Sagittal 89  3220 300  512 ×  512 4 Static

3 Ultrafast T2-weighted single-slice-true-FISP Midsagittal 1.54 3.51 400  320 ×  256 6 Dynamic*

TE = time of echo; TR  = time of repetition; ms  = milliseconds; FOV = field of view; ST = slice thickness; mm = millimetre.
* 21  slices, time duration 0:13 s.

Fig. 1. Measurement parameters performed on  the sagittal plane  for evaluation of pelvic floor related dysfunction. Image after initial rectal filling with ultrasonic gel in a 19

year old man  with sensorimotor complete paraplegia (neurological level of injury is  T4), 3  years after injury.  (a) The pubococcygeal line (PC-line) is  drawn from the  inferior

border of the pubic symphysis (PS) to the last  visible joint of  os coccygeus (OC). The  hiatal width  is measured as the horizontal line (H-line) from the inferior border of the

PS to the posterior aspect  of the anorectal wall. From this  endpoint, the M-Line is drawn perpendicular to the PC-Line to measure the descent of  the hiatus to the level of  the

pelvic floor. B = bladder, R = rectum. (b)  The anorectal angle (ARA) is measured between the  tangent to the  posterior rectal wall and the line  through the  central axis of the

anal canal. The cross point is  defined as the anorectal junction (ARJ) (black dot). (c) The rectal diameter was  measured after complete rectal filling; alternatively, the sequence

before the induced defecation process started was chosen.

Table 2

Grading systems used for evaluation of  pelvic floor  relaxation and rectal descent.

Grading systems

Pelvic floor relaxation Grade Hiatal enlargement (H-line) (cm) Hiatal descent (M-line) (cm)

Boyadzhyan et al. [16] 0  (normal) <6 0–2

1 (mild) 6–8 2–4

2 (moderate) 8–10 4–6

3 (severe) ≥10 ≥6

Rectal descent Grade Position of ARJ according to the PCL

Kruyt et al. [19] 0  (normal) <3 cm  below the PCL

1  (mild) 3–5 cm below the PCL

2 (severe) >5 cm  below the PCL

ARJ = anorectal junction; PCL = pubococcygeal line.

anterior rectocele, defined as  the distance of  an  anterior rectal wall

bulge to a line drawn parallel to  the centre of the anal canal, an

intussuception or enterocele [20]. Additionally, the  anterior com-

partment was visualized for the possible presence of a vesicocele.

2.3. Statistical analysis

Statistical analysis was  performed using SPSS 20  (IBM Corp.,

Armonk, NY, USA). Descriptive statistics like mean and standard

deviation are used to describe the basic features of this cohort of

complete paraplegic patients. To compare the samples to  a defined

population of normal values of  historical control data the  one sam-

ple t-test was  employed.

3. Results

Twenty consecutive subjects with  sensorimotor complete UMN

type SCI (NLI from Th1 to  Th10) and NBD fulfilled inclusion crite-

ria and underwent MR-defecography with the adopted preparation

and study protocol (Tables 1  and 3). MR-defecography was feasible
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Table 3

Patient-specific data and cohort-specific MRI  results.

Patients demographics and clinical data

1 Total number of  patients 20

2 Sex  Male 18

Female 2

Mean Range

3 Age (years) 47 (19–70)

4 Neurological level of  injury (thoracic vertebra) 4  (1–10)

5 Time since injury (years) 20 (3–50)

Cohort specific results of MR  performance

Mean SD

Initial rectal filling volume (ml) 206 ±66

Second rectal filling volume (ml) 149 ±80

Cohort specific results of MR  measurements

Number of  patients

1 ARA (evacuation) more acute angled than ARA (rest) 4

ARA (evacuation) more obtuse than ARA (rest) 16

2 ARJ (rest) normal 15

ARJ (rest) descent 5

ARJ (evacuation) descent 12

ARJ (evacuation) resting within 3  cm below PCL 8

ARJ (evacuation) elevation to ARJ (rest) 4/8

3 H-line (rest) normal 1

H-line (rest) enlarged 19

Grade 1  (n = 15); grade  2  (n  = 2); grade 3 (n  =  2)

H-line (evacuation) shorter than H-line  (rest) 5

H-line (evacuation) enlarged to H-line (rest) 15

Increase of grade (n = 8); same grade (n =  7)

4 M-line (rest) normal 7

M-line (rest) enlarged 13

Grade 1 (n =  11);  grade 2 (n =  2)

M-line (evacuation) shorter than M-line (rest) 4

M-line (evacuation) enlarged to M-line (rest) 16

Increase of grade (n = 11); same grade (n  = 5)

ml  = millilitre; SD = standard deviation; ARA = anorectal angle; ARJ =  anorectal junction; H-line = hiatal width; M-line =  levator plate descent.

Fig. 2. Illustration of the induced evacuation phase in two SCI patients. (a) 60  year old male, paraplegia American Spinal Injury Association Impairment Scale grade A (AIS-

A), neurological level of injury (NLI)  is T2, time since injury is 40  years, suffering from severe neurogenic bowel dysfunction (NBD). The rectum was  filled with 440 ml of

ultrasound gel, the catheter remains in the rectal lumen, evacuation process was initiated after 35  repeated measurements. The rectum shape is  sacciform (gray contour) and

the anorectal junction (ARJ) (asterisk) is located 4.7 cm  below the  pubococcygeal line (PCL). Pelvic floor relaxation is present with widening of the hiatus (H)  at  7.5 cm and

hiatal descent (M)  at 4.7 cm.  B = bladder, PS = pubic symphysis, R = rectum, Cath  =  rectal catheter. (b) 24 year old male, paraplegia AIS-A, NLI  T4, time since injury is  7 years,

suffering from moderate NBD. The rectum was filled with 300 ml  of ultrasound gel  and evacuation phase  started after 9 repeated measurements (arrow). The anorectal angle

(ARA) became more obtuse at 124◦ during the evacuation phase, while ARA at rest was 105◦ in  this patient (not shown). Pelvic floor relaxation grade 1  is present. There

is no rectal descent, as  the anorectal junction (ARJ) (asterisk) is  close to the level of the distal edge  of pubic symphysis. BCath = indwelling transurethral bladder catheter,

R = rectum, ARA = anorectal angle.

in all patients (Fig. 2). One patient did develop a grade I pressure

sore above the left  trochanter major, which subsided after subse-

quent pressure relief within 24 h. The initial rectal filling volume

varied depending on the  backflow of ultrasound gel, a filling resis-

tance or  the  beginning of induced defecation (Table 3). A second

filling was  necessary in 80% of patients (16/20). The mean maxi-

mum rectal diameter before evacuation started was 4.9 cm ±  1.5 cm

SD.
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Table 4

Measurement results of the study group of complete paraplegic  patients (n = 20) compared to reference values in the literature in  asymptomatic subjects without spinal cord

injury.

Measurement results for the study group (mean ± SD) compared to references in  the literature (mean ± SD)

Parameters Study group n = 20 Reference* p-Value**

ARA at rest (◦) 127.3 (±16.9)  104.0 (±4.0) [19] <0.001

93.0 (±4.8) [20] <0.001

ARA during evacuation (◦) 137.6 (±12.6)  126.0 (±3.0) [19] <0.001

108.0 (±14.7) [20] <0.001

�ARA (◦) 10.3 (±18.6) 22.0 (±4.0) [19] 0.011

15.7 (n.a.) [20] 0.211

ARJ at rest (cm) 2.4 (±1.4) 2.8 (±0.2) [19] 0.178

0.53 (±0.99) [20] <0.001

ARJ during evacuation (cm) 4.0 (±1.9) 3.4 (±0.3) [19] 0.213

2.99 (±1.03) [20] 0.037

�ARJ (cm) 1.6 (±2.0) 2.46 (n.a.) [20] 0.073

H-line at rest (cm) 7.6 (±1.5) 5.2 (±1.1) [15] <0.001

H-line during evacuation (cm) 8.1 (±1.4) 5.8 (±0.5) [16] <0.001

�H-line (cm) 0.45 (±1.7)  n.a.

M-line at rest (cm) 2.6 (±1.2) 1.9 (±1.2) [15] 0.016

M-line during evacuation (cm)  4.2 (±1.6) 1.3 (±0.5) [16] <0.001

�M-line (cm) 1.6 (±1.7) n.a.

ARA = anorectal angle, � = difference between at rest and during evacuation phase, ARJ = anorectal junction, H = H-line, M  =  M-line, SD = standard deviation; the measurements

of ARJ and M-line were performed relatively to the pubococcygeal line.
* Asymptomatic subjects.

** Using one sample t-test for continous variables.

Regarding the  measurement results of  our SCI study cohort in

comparison to reference values in the  literature of asymptomatic

able-bodied subjects the  mean ARA and hiatal width (H-line) were

significantly increased at rest as well as during evacuation (Table 4)

[9,17,21–23]. Additionally, the mean levator plate descent (M-

line) during induced defecation was significantly increased, while

the other measured parameters showed no significant differences

(Table 4)  [23].

Regarding the  results within our cohort, hiatal width and lev-

ator plate descent were already enlarged at rest (mostly grade 1)

in 19 and 13 patients. Enlargement of the hiatal width and lev-

ator plate descent during induced evacuation was  noted with an

increase of grade in 8  and 11 patients, indicative of pelvic floor

relaxation (Table 3). It was remarkable that 4  patients showed an

elevation of the ARJ and a more acute ARA during evacuation. Addi-

tionally, 5 patients presented with a shortening of the hiatal width

during evacuation, indicative of a contrary movement of the pelvic

floor (Table 3). 9 out of 20 patients presented with an anterior recto-

cele (2.74 cm ±  0.32 SD) and 3  out of  20  patients presented with an

intra-rectal intussusception (Fig.  3). None of  the patients presented

with an enterocele or a vesicocele.

4. Discussion

To the best of  our knowledge, this is the  first prospective study

to show that 3T MR-defecography is feasible in  a homogeneous

cohort of 20 chronic sensorimotor complete paraplegic SCI patients

using standard sequences for MR-defecography procedure. Con-

trary to volitional bowel evacuation employed in healthy subjects,

defecation was  successfully induced in SCI subjects by eliciting the

defecational reflex after rectal filling with ultrasonic gel and appli-

cation of two lecicarbon suppositories/digital rectal stimulation.

As previously stated, the vast majority of  SCI patients suffer from

NBD. In the case of  SCI with specifically an  UMN  injury –  the patient

population utilized in this  study – the most relevant clinical prob-

lems arise around chronic constipation [24].  Furthermore, UMN

type NBD constipation with  faecal retention is considered to be

due to an outlet obstruction (anorectal dyssynergia) rather than a

prolonged colon transit time [25]. Therefore, the  aim of  our MR-

defecography based study was  to  investigate whether this method

is feasible in complete SCI patients with NBD.

Similar to MR-defecography performed in individuals without

SCI we evaluated changes of ARA, ARJ, M-line and H-line, as well

as maximum rectal widening to obtain indirect information about

muscular activity of the pelvic floor  [26,27].  The overall mean values

for MR-defecography in  complete paraplegic patients in  our study

were: ARA (rest) 127.3◦,  ARA (evacuation) 137.6◦, ARJ (rest) 2.4 cm,

ARJ (evacuation) 4.0 cm,  H-line (rest) 7.6 cm,  H-line (evacuation)

8.1 cm, M-line (rest) 2.6  cm,  M-line (evacuation) 4.2 cm. Pelvic floor

relaxation, combining hiatal widening (H-line) and levator plate

descent (M-line) was  found in  all study subjects.

In our study population, four SCI subjects presented with  a con-

trary movement of  the  ARA during induced defecation due to an

involuntary contraction of  the puborectalis muscle sling (Fig. 4).

Narrowing of the  ARA is  physiologically observed during squeez-

ing, but in SCI patients with complete loss  of  sensorimotor function,

this change in  the ARA is most likely caused by involuntary mus-

cle contraction, namely spasticity. If spasticity of the pelvic floor

muscles significantly contributes to outlet obstruction, SCI patients

may benefit from a selective botulinum toxin infiltration into the

puborectalis muscle [28].

Based  on this study, the examination procedure is feasible and

safe in  complete SCI patients. We  observed one case with a mild

grade I  pressure sore, which subsided within a few hours  after the

exam. Considering the potentially prolonged examination time (up

to 2 h),  this risk needs to be considered and appropriate precau-

tions taken to avoid pressure sores. In this study a  gel mattress and

frequent skin checks between rectal fillings were introduced.

Some limitations of our study are: The overall number of UMN

SCI patients examined with MR-defecography was small and the

feasibility study was only performed as a single centre study. The

reproducibility of MR-defecography in SCI patients at  different clin-

ical sites has to be explored. We  examined sensorimotor complete

SCI subjects who  cannot perform voluntary squeezing or active

evacuation. As  a consequence, the modified MR-defecography pro-

cedure in SCI patients included only images at rest and during

induced defecation. Currently, no able-bodied patient population

available to be matched in  terms of  age, gender or  type of  defeca-

tional disorder nor any SCI  control group exists within the  literature
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Fig. 3. Visualization of a  rectocele and an intussusception during induced defecation in two study subjects. (a) 54 year old  man with sensorimotor complete paraplegia,

neurological level of injury (NLI) is T3-6, 13 years after injury, suffering from severe neurogenic bowel dysfunction (NBD) presenting with a small anterior rectocele during

induced defecation (white dotted line).  (b) 45 year old man  with sensorimotor complete paraplegia (NLI, T12), 11  years after injury, suffering from minor NBD presenting

with an intra-rectal intussusception during induced defecation (white dotted line). B  = bladder; P = prostate; R = rectum; * = rectal catheter.

Fig. 4. 59 year old male with sensorimotor complete paraplegia (neurological level of injury, T7), 40  years after injury, suffering from severe neurogenic bowel dysfunction

presenting with spasticity of  the pelvic floor muscles and absence of  evacuation. (a) Image at rest with an enlarged hiatus (H) at  9.9 cm  and a hiatal descent (M)  at 4.4  cm.

The iliococcygeal muscle is stretched (white  arrows). (b) Image after rectal filling with 350 ml  of ultrasound gel, application of two suppositories of lecicarbon and rectal

digital stimulation. The iliococcygeal muscle contracts presented in the horizontal course  (white arrows) and the H  and M-line shorten to 5.5 cm and 1.0  cm,  respectively.

B = bladder, R =  rectum, PS =  pubic  symphysis, PCL = pubococcygeal line, H = H-line, M = M-line.

for  comparison. However, we show here the feasibility in com-

parison of different parameters in SCI patients to the  results of

asymptomatic volunteers in the  literature. Although, at this point,

we cannot determine the value of  MR-defecography in respect to

therapeutic consequences for chronic constipation in SCI patients

and cannot recommend it currently as a routine clinical tool to

examine SCI patients with chronic constipation NBD.

5. Conclusions

The 3T MR-defecography procedure adapted from able-bodied

individuals represents a feasible and safe diagnostic tool for

dynamic evaluation of  defecation in  sensorimotor complete para-

plegic SCI patients. Taking advantage of  the defecation reflex

instead of voluntary stool evacuation allows visualization of  pelvic

floor contractions and potential outlet obstructions. In addition,

pelvic floor disorder related pathologies can be detected. Further

reproducible radiological results will support decision making in

respect to specific therapeutical options in  SCI patients suffering

from severe NBD.
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