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Introduction

Introduction
Pelvic organ prolapse is a major health care problem, with approximately 1 in every 9 women
undergoing surgery for pelvic organ prolapse and/or urinary incontinence during life time,
and 30% repeat surgery [ 1 ]. An increase in pelvic organ prolapse may be expected, as the
western population is aging, and aging is one of the important risk factors for the development of pelvic organ prolapse [2-5]. In recent years, the incidence of pelvic organ prolapse
in the female Dutch population has risen with an average of 12% a year, and the number
of anterior- and/or posterior vaginal wall repair with 15% a year [6]. It is expected that the
need for pelvic floor repair will even rise more in the coming years [7, 8].
The total number of women who actually need treatment is probably still underestimated. Many women believe that pelvic organ prolapse is a natural part of aging and
untreatable. This impression, in addition to the stigma and embarrassment associated with
the condition, are the most likely reasons why pelvic organ prolapse is underreported and
undertreated. However, the reported increase of women with pelvic organ prolapse over
the last years might, hopefully, also suggest a decline of these believes and taboos.
The pelvic floor can clinically be divided into three compartments: the anterior, central,
and posterior compartment. The most common anatomical pathologies related to the pelvic
floor are cystoceles, uterine or vaginal vault prolapse, enteroceles, rectoceles, intussusception or rectal prolapse, and perineal descent [9-11]. Abnormalities in one compartment,
however, are often combined with disorders in other compartments [12-15].
Women with prolapse may present with a wide range of pelvic floor symptoms such
as bladder, bowel, and sexual dysfunction, or may even be asymptomatic. Pelvic floor dysfunctions have a large impact on patients' quality of life [16|. To assess the presence and
the nuisance of pelvic floor dysfunction, a careful history is taken and it is recommended
to use a validated questionnaire on urogenital dysfunction and on health-related Quality
of Life. In the Netherlands questionnaires such as the Urogenital Distress Inventory (UDI),
the Defecatory Distress Inventory (DDI), and the Incontinence Impact Questionnaire (IIQ)
have been validated and are advised by the Working Party on Pelvic Floor and Urogynecology
(Werkgroep Bekkenbodem) of the Dutch Society of Obstetrics and Gynecology (NVOG).
A better understanding of how pelvic organ prolapse and patients' symptoms of pelvic floor
dysfunction are related will further help in the counseling of patients.
Proper staging of pelvic organ prolapse is important in clinical practice and research.
Physical examination of the maximum protrusion is the gold standard for preoperative
evaluation of pelvic organ prolapse. To standardize clinical examination, the International
Continence Society recommends the use of a site-specific system, with the hymenal remnants
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as point of reference: the Pelvic Organ Prolapse Quantification (POP-Q) [17]. It remains
difficult, however, to make a correct and complete diagnosis on clinical examination only,
especially in case of a multi-compartment problem and/or posterior vaginal wall prolapse,
i.e., to differentiate between an enterocele and a rectocele [18,19]. In addition, certain issues,
e.g., perineal descent, are left out of consideration in the POP-Q, whereas perineal descent
might possibly explain unsolved symptoms of pelvic floor dysfunction. Underestimation of
pelvic organ prolapse may lead to incomplete or incorrect surgery [ 11,20], which may be
one of the reasons for the high rate of recurrences after prolapse surgery [21-23]. Additional
imaging of the pelvic floor may be used to further objectify the situation and has become
a complementary tool in the assessment of pelvic floor disorders.
Previously, conventional X-ray fluoroscopy was the main diagnostic imaging tool used
to stage or evaluate pelvic organ prolapse. Since the 1990s radiologists have gained interest in dynamic pelvic floor MR imaging, and since recent years perineal ultrasonography
is increasingly used by urogynecologists. The fast acquisition speed during imaging allow
these latter techniques to assess dynamic evaluation. Furthermore, dynamic MR imaging
and perineal ultrasonography have the shared advantages of the absence of ionizing radiation, the non-invasiveness, and the superior soft tissue contrast [12,15,24-28]. Additionally,
perineal ultrasonography has the advantages of low costs and can be performed by the
gynecologist in the out-patient clinic. Dynamic MR has the advantage of imaging a larger
volume of the pelvis and pelvic floor.
Imaging demonstrates the pelvic floor anatomy beyond the surface of the vagina, and all
three pelvic floor compartments can be assessed simultaneously and dynamically. Imaging
may, therefore, enhance our knowledge on the pathophysiology of pelvic organ prolapse,
and possibly contribute to our understanding on the relation between patients' symptoms
of pelvic floor dysfunction and the changed anatomy of the pelvic floor. Imaging may
furthermore play a role in surgical outcome assessment and objective evaluation of the
treatment performed.
Although dynamic MR imaging is used as an additional tool to assess pelvic organ
prolapse, there are many aspects still unknown or not yet standardized. Like an optimized
scoring/staging system of pelvic organ prolapse, or even more important, the clinical value
and relevance of this diagnostic tool in the assessment of pelvic organ prolapse or patients'
symptoms of pelvic floor dysfunction. The purpose of this thesis was to provide an answer
to the following underlying research questions.
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Introduction

The aims of this thesis
• To provide an overview of the available literature of clinical studies which have compared
pelvic organ prolapse stages as assessed on dynamic MR imaging (using a reference
line) with a standardized method of clinical prolapse staging (Chapter 2).
• To determine the intra- and interobserver reliability of dynamic MR staging in pelvic
organ prolapse patients (Chapter 3).
• To assess the agreement in prolapse staging between POP-Q, dynamic MR imaging,
and perineal ultrasonography (Chapter 4).
• To determine whether patients' symptoms of pelvic floor dysfunction as assessed with
validated questionnaires agree with staging of the pelvic floor on POP-Q and dynamic
MR imaging (Chapter 5).
• To provide an overview of the available literature of clinical studies on the association
of perineal descent with patients' symptoms of pelvic floor dysfunction (Chapter 6).
• To determine whether patients' symptoms of anorectal dysfunction, pelvic organ prolapse, and urinary incontinence as assessed with validated questionnaires are related with
the position and mobility of the perineum on dynamic MR imaging (Chapter 7).
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Abstract
Introduction and hypothesis: The aim of our study was to provide a systematic literature
review of clinical studies on pelvic organ prolapse staging with use of dynamic magnetic
resonance (MR) imaging.
Methods: The databases EMBASE and PubMed were searched. Clinical studies were included
in case they compared pelvic organ prolapse stages as assessed on dynamic MR imaging (using
a reference line) with a standardized method of clinical prolapse staging.
Results: Ten studies were included, which made use of seven different reference lines in relation to a wide variety of anatomical landmarks.
Conclusions: Only few studies have compared pelvic organ prolapse stages as assessed by
dynamic MR imaging and clinical examination in a standardized manner. The available
evidence suggests that prolapse assessment on dynamic MR imaging may be useful in the
posterior compartment, but clinical assessment and dynamic MR imaging seem interchangeable in the anterior and central compartment
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Introduction
Pelvic organ prolapse is a major health care problem, with 11% of women undergoing
surgery for pelvic organ prolapse and/or urinary incontinence during life time, and 30%
repeat surgery [ 1 ]. The symptoms reported by the patients are often non-specific, except for
the sensation or visualization of a vaginal lump or bulge [2]. The most common diagnoses
related to pelvic organ prolapse are cystoceles, uterine or vaginal vault prolapse, enteroceles,
rectoceles, intussusception/rectal prolapse and descending perineum [3-5]. Abnormalities
in one compartment are often combined with disorders in other compartments [6-9].
Proper staging of pelvic organ prolapse is important in clinical practice and outcome
studies. Before the introduction of the Pelvic Organ Prolapse Quantification (POP-Q) [10]
by the International Continence Society in 1996, several other clinical staging systems were
and are still in use.
It remains difficult to make a correct and complete diagnosis on clinical examination
only, especially in case of posterior vaginal wall prolapse and/or a multi-compartment
problem [11, 12]. Underestimation of pelvic organ prolapse may lead to incomplete or
incorrect surgery [5,13], which may be one of the reasons for the high rate of recurrences
after prolapse surgery [14-16]. Imaging of the pelvic floor has become an important complementary tool in the assessment of pelvic floor disorders.
The publication by Yang et al. in 1991 has given an impetus to the implementation of
dynamic magnetic resonance (MR) imaging [17]. Dynamic MR imaging allows to assess
the three compartments at the same time and to observe their mutual relationship at rest
and during straining. Other benefits are the absence of ionizing radiation and the excellent
anatomical details of the soft tissue such as muscles and pelvic viscera [6, 9, 17-21]. On
the other hand, the costs of dynamic MR imaging are high as compared with the clinical
investigation.
A major problem in both clinical examination and dynamic MR imaging is the enormous diversity of reference lines and measurement points which can be used in staging
pelvic organ prolapse. The aim of our study was to provide a systematic literature review of
clinical studies which have compared pelvic organ prolapse stages as assessed on dynamic
MR imaging (using a reference line) with a standardized method of clinical prolapse staging
(not only according to POP-Q) [22]. The available reference lines and anatomical landmarks
are discussed in the light of their correspondence with clinical findings.

1')

Materials and methods
We included studies that compared results of pelvic organ prolapse staging in females with
both dynamic MR imaging and clinical examination. Dynamic MR imaging was defined as
a cine loop obtained at rest, during squeezing, straining and/or defecation. For inclusion,
studies had to report on a reference line used to stage the prolapse on dynamic MR imaging, a standardized method of gynecological prolapse staging (pre- or intraoperative), and
comparison of the dynamic MR imaging and gynecological prolapse staging. Papers were
excluded in case of review articles, and furthermore studies describing various clinical findings
but not cystocele, rectocele, enterocele, uterine or vaginal vault prolapse, and studies only
describing postoperative gynecologic examination. There were no language restrictions.
The databases EMBASE and PubMed were searched by one of the authors (S.B.) in
association with a senior librarian until January 8,2008. The used search terms were adapted
for each database accordingly, and generally referred to the different terms for "pelvic organ
prolapse" and "dynamic magnetic resonance imaging". The entire string of search terms,
including Medical Subject Headings and Thesaurus terms, are depicted in the Appendices A
and B. All studies were evaluated independently by two of the authors (SB and KK), and disagreement was resolved in consensus meetings. References of relevant retrieved studies were
cross-checked for additional studies. Reviewers were not blinded to details of authorship.
In each study, data on study design, aim of the study, study population, control group,
sample size, MR imaging protocol, reporting of blinding of image assessment, number of
observers, reference line(s) on MR imaging, anatomical landmarks on MR imaging, standardized gynecological staging system (pre- or intraoperative), and methods of prolapse symptom
assessment were collected. Furthermore, data on the comparison of MR imaging and clinical or
operative prolapse staging, as well as the authors conclusions in this respect, were collected.
Cohen kappa (as presented in the papers included in this review) of more than 0.8
denote excellent agreement, between 0.8 and 0.6 good agreement, between 0.6 and 0.4 fair
agreement, and below 0.4 poor agreement, respectively [23]. Pearson's coefficient for correlation range from +1 to -1, where a higher value implies better agreement.

Results
The EMBASE search revealed 369 studies. The PubMed search revealed another 140 studies. Thus, a total of 509 studies were checked for eligibility, of which 432 studies could be
excluded on the basis of title and abstract. The remaining 77 studies were read by paper, but
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Figure 1 MR imaging at rest
in a 62-year-old woman with
pelvic organ prolapse. Dynamic
midsagittal Half-Fourier acquisi
tion single-shot turbo spin-echo
(2000/90;150 o ) through the
pelvis. The image shows the
used reference lines in the
papers included in this review.
The marked section outlines the
definition area for the pubococ
cygeal line (PCL), sacrococcygeal
inferior pubic point line (SC/PP)
and pubosacral line (PSL).
AL axial line; PL perineal line;
MPL mid-pubic line; HL hymenal
line

only ten studies, published between 1993 and 2007, fulfilled the inclusion criteria [24-33].
Sixty-one studies were excluded because they did not conform to our inclusion criteria: no
report on a reference line used to stage the prolapse on dynamic MR imaging (n studies= 1),
no standardized method of gynecological prolapse staging (pre- or intraoperative; η studies=
23), and no comparison of the dynamic MR imaging and gynecological prolapse staging (n
studies= 7). Or papers confirmed to our exclusion criteria: review articles (n studies= 23) and
studies describing various clinical findings but not cystocele, rectocele, enterocele, uterine
or vaginal vault prolapse (n studies= 7). And the other six out of the 67 excluded studies
were rejected in the consensus meeting, because two studies were misinterpreted by one of
the authors, three studies described various clinical findings but not cystocele, rectocele,
enterocele, uterine or vaginal vault prolapse, and one study did not compare findings on
clinical examination with the findings on dynamic MR imaging. No studies were revealed
by cross checking. One study was excluded from this review because of inconsistency in
their description of the reference line used to assess pelvic floor prolapse on MR imaging,
which could not be verified by an email to the authors [34]. None of the studies compared
dynamic MR imaging with standardized intraoperative prolapse staging.
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Table 1 Study characteristics

First author (year)

Number of patients and characteristics

Fauconnier (2007)

47 Women with symptoms of POF? with and without urinary incontinence
5 Nulliparous, symptom-free female volunteers

Cortes (2004)

5 1 Women with symptomatic vaginal vault prolapse

Lienemann (2004)

4 1 Healthy female volunteers

Agildere (2003)

22 Women with rectocele

Hodroff (2002)

52 Continent women asymptomatic of POP

Kaufman (2001)

22 Women with symptoms of complex POP

Singh (2001)

20 Parous women with POP
10 Symptom-free nulliparous women

Gousse (2000)

65 Women with POP
35 Women without POP

Tunn (2000)

13 Women with vaginal vault prolapse

Goodrich (1993)

5 Parous women with pelvic floor relaxation, verified by pelvic examination
5 Healthy nulliparous volunteers
5 Healthy parous volunteers

POP(-Q) Pelvic Organ Prolapse(-Quantification), Sa point that corresponds to the most distal
descent of the upper segment of the anterior vaginal wall, C point that represents the most
distal descent of the cervix or vaginal vault, Bp point that corresponds to the most distal
descent of the upper segment of the posterior vaginal wall.
a
Data presented as mean (± standard deviation) or median [range]

All studies included were cross-sectional observational studies. The data on study characteristics, such as study population and sample size, are shown in Table 1. The study populations consisted of healthy asymptomatic women (n studies^ 2), women with pelvic organ prolapse (n studies= 4), whereas the remaining studies compared symptomatic women to healthy
controls (n studies= 4). The median sample size of the studies is 38 (range 13-100).
Pelvic organ prolapse was staged using the POP-Q and Baden-Walker system, except

A systematic review

Age in years a

Clinical prolapse assessment

60.0 (±10.9)

POP-Q (Ba, 0, and Bp) in symptomatic group only

29.8 (± 7.1)
64 [40-95]

POP-Q (stage per compartment)

30.7 [19-43]

POP-Q (stage) > stage I defined as pathological finding

22 [28-73]

Classification of rectal protrusion into the vagina: absent (0), small (1),
moderate (2), or large (3)

37.5 [19-67]
58 (± 13)

65
35
65 [42-88]
45 [23-71]

POP-Q (stage)
POP-Q (stage l-IV). Presence of cystocele, rectocele, enterocele,
sigmoidocele, perineal descent, levator ani hernia, paravaginal defects and
rectal prolapse
POP-Q (stage) in symptomatic group only
Modified Baden-Walker

6 1 [47-76]

POP-Q (stage l-IV)

68.7 [65-72]

Modified Baden-Walker in parous women and patient group only

27.4 [24-33]

for Agildere et al. [24] who have classified rectal protrusion into the vagina as absent, small,
moderate, or large, according to a system as described by Delemarre et al. [35]. Six out of the
ten studies included in the present review have included symptom-free or healthy women
[26-29,31,32]. Clinical staging in this subgroup of patients was only performed in four out
of these six studies, of which Gousse et al. have assessed the healthy parous subgroup but
not the healthy nulliparous subgroup [27-29,31]. The other two studies were not excluded
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Table 2 Definition of reference lines used on dynamic MR imaging
Reference line/structure

Definition

First author (year)

Mid-pubic line (MPL)

Line drawn through the longitudinal axis
of the pubic bone and passing through its
midequatonal point

Singh (2001);
Cortes (2004);
Fauconnier (2007)

Perineal line (PL)

Line as a tangent from the internal
surface from the symphysis pubis down
to the caudal end of the external anal
sphincter

Fauconnier (2007)

Pubococcygeal line (PCL)

Inferopostenor margin of the pubic
symphysis to the anterior margin of the
sacrococcygeal junction

Hodroff (2002)

Pubococcygeal line (PCL)

A horizontal line drawn from the inferior
pole of the symphysis pubis to the most
inferior part of the coccyx

Agildere (2002)

Pubococcygeal line (PCL)

Straight line between the inferior rim
of the pubic bone and the last visible
coccygeal joint

Lienemann (2004)

Pubococcygeal line (PCL)

No definition, or reference to other
publication

Kaufman (2001)

Axial Ime (AL)

Horizontal tangent of the inferior rim of
the pubic bone

Lienemann (2004)

Hymenal line (HL)

Line drawn through the long axis of the
pubic bone as seen on the midsagittal
image

Lienemann (2004)

Sacrococcygeal inferior
pubic point line (SCIPP)

No definition, or reference to other
publication

Tunn (2000)

Pubosacral line (PSL)

Line drawn from the inferior pubic
symphysis to the tip of the sacrum (S5)

Goodrich (1993)

Pubosacral line (PSL)

No definition, reference to figures

Gousse (2000)

A systematic review

from the present study, because they did comply with our inclusion criteria with respect to
the subgroup of prolapse patients. Overall, only 20 women did not have a clinical examination, whereas 133 women had a standardized clinical examination.
In all studies, MR imaging of the pelvic floor was performed with the subjects in a
supine position. The bladder, and/or vagina, and/or rectum was/were opacified in three
studies [25, 29, 33], whereas the other seven did not use opacification [24, 26-28, 30-32],
or even emptied the bladder [24, 26, 31]. Agildere et al. [24] used an oral contrast agent
(gadopentetatedimeglumine or gadopentetatedimeglumine plus polyethylene glycol).
Patients were asked to defecate during imaging in two studies [24, 31]. In three studies, patients were instructed to perform an increasing straining maneuver [25, 27, 30].
Lienemann et al. [31] and Fauconnier et al. [26] endeavored to standardize the effort of
straining, using the reversal of flow in the femoral veins on the axial images to indicate
an adequate straining maneuver, or assessed the prolapse when the degree of protrusion
remained the same for at least three sequences, respectively.
Images were assessed by more than one observer in six studies [24-27,31,33]. The intraand interobserver reliability of MR imaging measurements were, however, only reported by
Fauconnier et al. and were overall excellent (Intra-class Correlation Coefficient for mid-pubic
line 0.87-0.92, and perineal line 0.76-0.90) [26]. The intra- and interobserver reliability of
clinical assessment has not been addressed in the studies included in the review.
In Tables 2 and 3, the data on the reference line{s) and anatomical landmarks used
on dynamic MR imaging are presented. Seven different reference lines have been used to
assess the presence or absence of pelvic organ prolapse (Figure 1). Two studies used more
than one reference line and compared them for their correlation with clinical examination.
Reference lines with the same name had variable definitions, whereas reference lines with
different names had the same definition. Furthermore, the anatomical landmarks used on
MR imaging in the studies were diverse.
Table 4 provides an overview of the results on the comparison of clinical prolapse staging
and dynamic MR imaging staging, as well as the author's conclusions in this respect. For
all studies, this comparison concerned the primary outcome measure of the study, except
for Agildere et al. [24]. Reliability of MR imaging findings using the mid-pubic line versus
clinical findings measured by Cohen s kappa was poor to fair. The Pearsons correlations
coefficient was good to excellent for the mid-pubic line, perineal line, and pubosacral line,
with the exception for the posterior compartment. However, Fauconnier et al. concluded
poor agreement with clinical examination for the mid-pubic line and perineal line [26].
In two studies 100% agreement was reached between clinical examination and dynamic
MR imaging in women without pelvic organ prolapse (n= 35 and 10, respectively) [28,32],
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Table 3 MRI prolapse assessment and measurement points
First author (year)

Anterior compartment

Central compartment

Fauconnier (2007)

Ba
Point between the bladder neck and
anterior fornix 1 to reference lines

Most distal edge of the cervix or
vaginal cuff 1 to reference lines

Cortes a (2004)

Cystocele
No definition provided

Vaginal vault

Lienemann (2004)

Internal urethral orifice or bladder neck
Pathological in case descended below
a reference line

Most distal edge of the cervix or
posterior fornix
Pathological in case descended
below a reference line

Agildere (2003)

Hodroff (2002)

Bladder neck height
1 Distance from bladder neck to
reference line

Kaufman (2001)

Cystocele
Descent of bladder base below
reference line

Singh a (2001)

Bladder (neck)

Vaginal vault

Gousse b (2000)

Cystocele or urethrocele
Bladder base or proximal urethra
below reference line

Vaginal vault or uterine prolapse
Cervix or vaginal vault below
reference line

Tunn (2000)

Cystocele
Bladder below reference line

Goodrich (1993)

Inferior border of bladder

Cervix or vaginal vault

-L perpendicular, - not applicable
a
Prolapse staging according to Singh et al. [32], i.e., from 0-IV as referenced by distance from the reference III
b
Cystocele, urethrocele, rectocele, enterocele, uterine, or cuff prolapse was graded on a scale of 0-4 in
relation to the vaginal length
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Posterior compartment
Bp
Point between the posterior fornix and the anterior anorectal junction _L to reference lines

Rectocele
No definition provided
Most ventrocaudal position of the anterior rectal wall
Pathological in case descended below a reference line

Anorectal junction
Most distal point of the rectum
Rectocele
If the vertical line from the most distal point of the rectum to the reference line was at least 2.5 cm

Enterocele
Descent of small bowel or mesentery >2 cm into rectovaginal space or inferiorly to the proximal
one third of the vagina
Rectocele
> 2 cm anterior bulging of the rectum relative to the anal canal
Anorectal junction
Enterocele
Rectovaginal space or deep pouch of Douglas with peritoneal contents with or without small
bowel loops below reference line
Rectocele
Bulge > 3 cm from the line through the anterior anal canal
Enterocele
Former pouch of Douglas, with or without parts of the small bowel below reference line
Rectocele
Distance of more than 3cm between the anterior wall of the anal canal at rest and the most
distal point of the rectocele during Valsalva

Table 4 Study comparison
First author (year)

Comparison MRI vs. clinical
prolapse

Conclusion

Fauconnier (2007)

Pearson's coefficient for corre
lation with MPL: point Ba 0.71,
C 0.79, Bp 0.43 and with PL:
point Ba 0.74, C 0.80, Bp 0.49

Although dynamic MRI shows good intra- and
interobserver reliability, its agreement with clinical
examination is poor whatever reference line used
(Bland and Altman).

Cortes (2004)

Weighted κ test A=0.31,
M=0.38, P=0.30

Poor correlation between clinical and MRI findings.

Lienemann (2004)

Agreement of number of
pathological findings on
POP-Q and MRI presented in
percentages

Organ descent on functional cine-MRI cannot be
described using only one reference line.

Agildere (2003)

Correlation not statistically
significant

No conclusions on this secondary outcome measure
of the study.

Hodroff (2002)

MRI findings and POP-Q stages
presented of each individual
women participating in the
study

Asymptomatic continent women have significant
variation in the degree of pelvic organ prolapse
on MRI and physical examination. The used
measurement points do not appear to aid in
differentiating mild to moderate prolapse.

Kaufman (2001)

No correlation reported

MRI may alter surgical management.

Singh (2001)

κ=0.61

MRI gives an accurate anatomic assessment.
Upgrading of the prolapse in 25%. The definition of a
MRI staging system with MPL is needed.

Gousse (2000)

Pearson's coefficient A= 0.910.94; M= 0.82; P= 0.74-0.85

Except for rectocele, pelvic organ prolapse is
accurately staged and pelvic organ pathology reliably
detected, with MRI.

Tunn (2000)

11 out of 13 clinical findings
matched with MRI results

Preoperative identification and differentiation of
entero- and rectoceles by MRI contributes to a more
reliable surgical repair.

Goodrich (1993)

23 pelvic defects were found
on MRI, and 18 defects on
physical examination.
No correlations presented

The increased sensitivity of MRI in grading prolapse
may make it useful in the evaluation of women with
symptoms of pelvic floor relaxation, who have negative
findings on clinical examination.
Pelvic defects were graded more severe on MRI.

Table 4 MRI magnetic resonance imaging, MPL mid-pubic line, PL perineal line, Ba point that corresponds
to the most distal descent of the upper segment of the anterior vaginal wall, C point that represents the
most distal edge of the cervix or vaginal vault, Sp point that corresponds to the most distal descent of the
upper segment of the posterior vaginal wall, A anterior compartment, M central compartment, Ρ posterior
compartment, κ Cohen's Kappa, POP-Q Pelvic Organ Prolapse-Quantification, PEG polyethylene glycol
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whereas in another study, an overestimation of pelvic organ prolapse was seen on dynamic
MR imaging as compared to clinical examination in two out of five women [27]. In the
remaining three studies (including the largest study), the agreement has not been presented
(n= 5, 52 and 41, respectively) [26,29, 31].

Discussion
In this study, we have performed a systematic literature review on the comparison of dynamic
MR imaging staging and standardized gynecological prolapse staging. Given the heterogene
ity of the available studies in terms of difference in participants, clinical examination, refer
ence lines, anatomical landmarks and statistical methods used it was not possible to pool
the data. The main outcome was a large heterogeneity of the available studies. The main
conclusion in this respect is that proper validation of MR imaging is lacking and further
research is needed.
Some of the reference lines have similar definitions but with different names, for exam
ple, the mid-pubic line or the hymenal line and the pubococcygeal line or sacrococcygeal
inferior pubic point line. We suggest that only one of the two names should be maintained,
especially in view of the large number of reference lines. Our preference would be the use
of "mid-pubic line" and "pubococcygeal line", respectively, because these are the original
and most common used names for these lines.
The most commonly used reference line on dynamic MR imaging is the pubococcygeal
line (PCL), which is thought to approximate the plane of the levator plate. In two studies, it
could be demonstrated that there was an agreement between MR imaging, using the PCL
as reference, and clinical stages of pelvic organ prolapse [28, 31]. Gousse et al. [28] have
shown that pelvic organ prolapse was accurately staged on dynamic MR imaging compared
to physical examination in the anterior and central compartment, but not for rectoceles
(posterior compartment). Lienemann et al. [31] described the PCL as a useful reference
line for descent in the anterior compartment only.
The mid-pubic line was introduced by Singh et al. [32], in order to overcome the lack of
a generally accepted standard, and in an attempt to find a common reference line for both
clinical staging and MR staging of prolapse. The axis of the mid-pubic line was expected
to correspond with the level of the hymenal remnants as used in the clinical staging. In
their study, however, the agreement between clinical and MR staging was only moderate.
Lienemann et al. [31] who have also applied this mid-pubic line in their study, suggested
that the mid-pubic line should only be used for staging in the posterior compartment. In

29

2007, Fauconnier et al. [26] have introduced another reference line, the perineal line, with
the theoretical advantage of better correspondence with clinical stages. Again a poor agreement between clinical and MR imaging measurements has been found. Consequently, both
the mid-pubic line and perineal line do not provide better validity.
The anatomical landmarks in the anterior and central compartment of the pelvic floor
on MR imaging were quite similar throughout the studies. In case the bladder base or bladder neck, and the vaginal vault or distal edge of the cervix descended below the reference
line, the diagnosis of cystocele and vaginal vault or uterine prolapse was made accordingly.
In contrast, the definitions for the diagnosis of a rectocele or an enterocele were diverse.
The two main methods used for rectocele assessment were the measurement of descent of
an anterior rectal outpouching below a certain reference line [24, 31], and the measurement of the size of the anterior rectal outpouching [28,30, 33]. Until now, it is not known
which method is more valid.
In clinical practice, the differentiation between an enterocele and rectocele can be
difficult, and this probably represents the most important additive role of pelvic floor
imaging, such as dynamic MR imaging, colpocystodefecography (CCD) and pelvic floor
ultrasonography. To correctly stage an enterocele clinically, the intraoperative findings need
to be assessed, since standard gynecological staging is less reliable for this purpose. Kelvin et
al. reported that only half of the enteroceles (51%) were identified with physical examination [36]. Unfortunately, there are no studies available on the comparison of standardized
enterocele staging with the use of dynamic MR imaging and intraoperativefindings,which
surpass the comparison of the mere absence or presence of enteroceles.
Another tool to differentiate between an enterocele or rectocele is the open-magnet unit MR
imaging, in which the patient is sitting during assessment. It is, however, not very widespread.
In a study on closed-magnet unit dynamic MR imaging versus open-magnet unit dynamic
MR imaging, Bertschinger et al. have concluded that overall, MR imaging performed in the
sitting position depicted a greater degree of pelvic floor laxity (i.e., organ descent) and more
anterior rectoceles and enteroceles. With regards to the detection of clinically relevant findings,
however, the position of the patient did not seem relevant [37]. The study by Vanbeckevoort
et al. focused on the comparison between dynamic MR imaging and CCD in the diagnosis of
descent in each compartment [38]. Their data suggested that dynamic MR imaging in the supine
position was less accurate in the evaluation of pelvicfloordescent. The authors concluded that
the high number of false-negative MR imaging studies in the anterior and central compartment
(and to a lesser extent the posterior compartment) was likely to be due to the position of the
patient. Probably the easiest and most cost-effective tool to preoperatively diagnose a rectocele,
enterocele or rectal intussusception, however, is perineal two-dimensional ultrasonography. This
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method can be performed by gynecologists in the outpatient setting and is likely to become
more widespread in the future investigation of prolapse [39-41]. It is of utmost importance
to assess the effect of a Valsalva and rule out levator co-activation, irrespective of the staging
method used [42]. Possibly, this is easiest done with ultrasonography because of the close
patient-physician contact with opportunities for immediate feedback and instruction.
Fauconnier et al. [26] were the only authors who have compared clinical measurement points
with MR imaging anatomical landmarks by positioning the POP-Q points on the dynamic MR
images. They have found good correlations with the clinical staging for the anterior and central
compartment, but not for the posterior compartment. This might be due to the fact that the
validity of the POP-Q is likewise the least for the posterior compartment [11].
A consensus on a standardized protocol for the dynamic MR imaging examination
and interpretation is lacking, and there is no evidence on how to overcome this problem.
In some studies the bladder, vagina, and rectum have not been opacified, or the bladder
was even emptied prior to examination [24, 26-28, 30-32]. Whereas in the other studies,
at least one of the mentioned structures was opacified with sonographic gel or a mixture
with gadolinium [25, 29, 33]. The dynamic MR imaging consists of a cine loop of images
of relaxation and maximal straining of the pelvic floor. In some studies, patients were also
asked to contract their pelvic floor muscles anchor were instructed to actually defecate during
imaging [24, 29, 31]. A shared problem was the lack of a method to objectively assess the
effort of strain. For future research on the validation of dynamic MR imaging in women
with pelvic organ prolapse, it seems of utmost importance that radiologists and gynecologist cooperate in studies on the standardized assessment of the various signs and symptoms
of prolapse. More evidence, from well-conducted clinical studies, is needed to enable the
future definition of guidelines for dynamic MR imaging. For example, the standardized
assessment of the patients' symptoms, i.e., with the use of validated questionnaires, has only
been performed in one study included in this review [31].
In conclusion, in spite of the abundant number of studies on dynamic MR imaging of
the pelvic floor, only few studies have reported in a standardized manner on pelvic organ
prolapse as assessed by dynamic MR imaging and clinical staging. Although dynamic MR
imaging is a promising complementary diagnostic tool, proper validation of the method
is lacking. The studies available have only small sample sizes and are difficult to compare
due to differences in protocols on the examination and evaluation of dynamic MR imaging.
None of the reference lines used showed clear superiority. The pubococcygeal line, however,
has the advantage of being the most widely used reference line. The high agreement in the
anterior and central compartment shows that clinical assessment and dynamic MR imaging are interchangeable. The agreement between methods in the posterior compartment is

lower. It seems reasonable to assume that dynamic MR imaging may have advantages over
clinical staging in the assessment of posterior compartment prolapse, since it is difficult to
identify enterocele and rectal intussusceptions on clinical examination.

Appendix A. Full EMBASE literature search terms
((dynamic imaging or dynamic magnetic resonance imaging or dynamic mr imaging
or mr imaging or mr studies or mr defecography or mri) or (explode "nuclear-magneticresonance-imaging" / all SUBHEADINGS in DEM.DER.DRM.DRR)) and ((cystocele or
rectocele or enterocele or proctocele or sigmoidocele or peritoneocele or urethrocele or
cystourethrocele or cysto-urethrocele) or ((descent or prolapse) and (pelvic or vaginal or
uterus or bladder or rectum or rectal or bowel or vagina or urethra or perineal or perineum
or uterine or cervix or cervical or vault or genital or urogenital)) or ((explode "vaginalvault-prolapse" / all SUBHEADINGS in DEM.DER.DRM.DRR) or (explode "pelvic-organprolapse" / all SUBHEADINGS in DEM.DER.DRM.DRR) or (explode "uterus-prolapse"
/ all SUBHEADINGS in DEM.DER.DRM.DRR) or (explode "rectum-prolapse" / all
SUBHEADINGS in DEM.DER.DRM.DRR) or (explode "cystocele-" / all SUBHEADINGS
in DEM.DER.DRM.DRR)))

Appendix B. Full PubMed literature search terms
((((((pelvic OR vaginal OR uterus OR bladder OR rectum OR rectal OR bowel OR vagina OR
urethra OR perineal OR perineum OR uterine OR cervix OR cervical OR vault OR genital OR
urogenital)) AND ((descent OR prolapse)))) OR (((((((((((((uterine prolapse)) OR ((rectal
prolapse))) OR ((cystocele))) OR ((rectocele))) OR ((enterocele))) OR ((proctocele))) OR
((sigmoidocele))) OR ((peritoneocele))) OR ((urethrocele))) OR ((cystourethrocele))) OR
((cysto-urethrocele)))))) AND (((((((("dynamic imaging")) OR (("dynamic magnetic resonance
imaging"))) OR (("dynamic mr imaging"))) OR (("mr imaging"))) OR (("mr studies"))) OR
(("mr defecography"))))
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Dynamic magnetic resonance imaging:
reliability of anatomical landmarks
and reference lines used to assess
pelvic organ prolapse

Abstract
Introduction and hypothesis: The aim of this study was to determine the intra- and interobserver reliability of dynamic magnetic resonance (MR) staging in pelvic organ prolapse
patients.
Methods: In 30 patients with pelvic organ prolapse, dynamic MR images were assessed inde
pendently by two observers. Various anatomical landmarks to asses pelvic organ prolapse were
used in relation to the pubococcygeal line, Η-line, and mid-pubic line. Clinical measurement
points were assessed in relation to the mid-pubic line. The intraclass correlation coefficients
(ICC) were calculated to describe the intra- and interobserver reliability.
Results: Overall, the intra- and interobserver reliability of MR imaging measurements was
excellent to good. The pubococcygeal line showed superior reliability (ICC range 0.70-0.99).
The reliability of clinical measurement points, however, were only moderate (ICC range
0.20-0.96).
Conclusions: The intra- and interobserver reliability of quantitative prolapse staging on dynamic
MR imaging were good to excellent. The pubococcygeal line appears the most reliable to use.
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Introduction
Pelvic organ prolapse is a major health care problem, with 11% of women undergoing surgery
for pelvic organ prolapse and/or urinary incontinence during life time, of whom 30% have
repeat surgery [ 1 ]. Failure to identify all of the involved compartments may result in incomplete surgical repair with subsequent persistence or recurrence of the prolapse [2,3].
Since the introduction of fast imaging sequences, magnetic resonance (MR) imaging
has become a promising diagnostic tool in the assessment of the pelvic floor dysfunction.
Many protocols concerning the MR imaging procedure and interpretation on pelvic organ
prolapse have been introduced. Until now, only two studies have addressed the reliability of
prolapse staging on dynamic MR imaging [4,5). However, the reference lines and anatomical landmarks which should be used to assess the presence and the quantitative staging of
the prolapse is a subject of ongoing debate.
The aim of the present study was to determine the intra- and interobserver reliability
of dynamic MR staging in pelvic organ prolapse patients.

Materials and methods
Dynamic MR imaging of the female pelvic floor were reviewed in a cross-sectional observational study. MR imaging had been performed as part of routine clinical practice in patients
with recurrent prolapse, especially in the posterior compartment, and in cases where the
patient complaints did not correspond with clinical findings on request of the Department
of Obstetrics and Gynecology at the Radboud University Nijmegen Medical Centre, which is
a national tertiary referral centre for pelvic organ prolapse patients. The study was submitted
and deemed exempt by the Institutional Review Board 1 August 2007.
A computer-generated list of 30 out of 63 patients who underwent dynamic MR imaging
in the period of September 2005 through March 2007 were included. None of these images
were regarded as unsuitable for assessment.
The MR datasets were assessed by two independent observers, an experienced radiologist (IF,
3 years of experience) and a novice observer (SB, half year of experience). One of the observers
(SB) repeated the assessment of the set of images at least one month later, to determine the
intra-observer reliability. Prior to the study, ten MR datasets not included in the study had been
assessed in cooperation to reach consensus on interpretation of the MR images. A case record
form with definitions of all measurement points and reference lines was used (see below). The
observers were blinded to the clinicalfindingsand the previous assessment of the images.
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Imaging protocol
The dynamic MR imaging examination was performed with the patient in supine position
with parallel and slightlyflexedlegs. Patients were requested not to void for 1-2 h prior to the
examination. The rectum was opacified using 100-150 ml ultrasound gel. The urethra, blad
der and vagina were not opacified. No premedication was given. MR images were acquired
using a 3T MR scanner (TIM TRIO, Siemens Medical, Germany) and an eight-channel body
phased-array coil. MR images were obtained in the sagittal plane using a Half-Fourier acqui
sition single-shot turbo spin-echo sequence (2000 ms/ 90 ms repetition time/ echo time;
1500 flip angle), with a temporal resolution of 1 second during 2 minutes. During the MR
examination, the patient was asked to relax the pelvic floor muscles, to contract the muscles
slowly, relax again, and then to increase the intra-abdominal pressure and strain in order to
defecate. To assure that the patient followed the instruction given, all images were viewed
online on the MR console. The MR examination time was approximately 35 minutes. The
images were analyzed at a later stage on a console with zoom facilities and electronic calipers.
The midsagittal images were used to assess the prolapse.
Reference lines
The reference lines used to assess pelvic organ prolapse are shown in Figure 1. According to
literature, the pubococcygeal line was defined as a straight line between the inferior rim of
the pubic bone and the last visible coccygeal joint [5,6], the Η-line as a straight line between
the inferior rim of the pubic bone and the posterior wall of the anal canal on the level of
the impression of the puborectal sling [7], and the mid-pubic line as a line drawn through
the longitudinal axis of the pubic bone, passing through its midequatorial point [8].
Anatomical landmarks and clinical measurement points
A whirl of urine in the bladder and/or a dent into the cranial portion of the bladder indicated
adequate straining. The MR images during rest and maximal straining were assessed for
pelvic organ prolapse with the use of the various anatomical landmarks in all three com
partments in relation to the previously mentioned reference lines. Anatomical landmarks
used for each compartment were the bladder base and bladder neck for the anterior com
partment, the distal portion of the cervix or the vagina vault for the central compartment,
and the anorectal junction and the most anteriocaudal point of the anterior rectal wall for
the posterior compartment. The distance from the anatomical landmarks to the different
reference lines was measured perpendicular.
Besides the aforementioned anatomical landmarks, we have also introduced clinical
measurement points on MR images to approximate point Ba, C, and Bp of the pelvic organ
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Figure 1 MR image obtained at
rest. Dynamic midsagittal HalfFourier acquisition single-shot turbo
spin-echo (2000/90;150°) through
the pelvis of a 62-year-old woman
with symptoms of pelvic organ pro
lapse. The image shows the used
reference lines. PCL pubococcygeal
line, Η-line, MPL mid-pubic line

prolapse quantification (POP-Q) system, which refers to the most descended edge of the
anterior vaginal wall, cervix/vaginal vault, and posterior vaginal wall, respectively [9]. For
the anterior compartment we used the most posteriocaudal point of the anterior vaginal
wall, for the central compartment the most distal point of the cervix or the vaginal vault,
and for the poste rior compartment the most anteriocaudal point of the posterior vaginal
wall. At rest, we additionally assessed the total vaginal length, measured from the fornix
posterior or vaginal vault, following the contour of the vagina, until the crossing with the
mid-pubic line. We assessed these measurement points in relation to the mid-pubic line
because this line has been introduced by Singh et al. as a reflection of the hymenal remnants,
which is the reference structure in the POP-Q system [8]
Qualitative staging is the most widely used method of prolapse staging. In addition to
the quantitative staging, we have assessed the reliability of qualitative staging of prolapse.
In case an individual measurement point descended below or above a reference line, the
measurement was scored positive and negative, respectively.
Rectocele, enterocele, perineal descent, and genital hiatus
Furthermore, Figure 2 shows the lines A and B, which are defined as an extended line of the
anterior border of the anal canal [10-12], and the expected margin of the normal anterior
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Figure 2 MR image obtained at
straining. Dynamic midsagittal HalfFourier acquisition single-shot turbo
spin-echo (2000/90;150 0 ) through
the pelvis of a 58-year-old woman
with symptoms of pelvic organ prolapse. The image shows the used
reference lines A and B, applied in
the presence of any outpouching of
the anterior rectal wall

rectal wall, respectively [13-15]. These lines were only applied in the presence of any outpouching of the anterior rectal wall. Additional measurements were then performed, which
were the depth until the most anteriocaudal point of the anterior rectal wall, and the area
and perimeter of the outpouching in relation to lines A and B. The complete or incomplete
evacuation of the outpouching during defecation was evaluated.
The presence of an enterocele was defined as any outpouching of the peritoneal sack,
containing omentum and/or small bowel loops, into the rectovaginal space. The distance
between the most distal point of the peritoneal sack and the vaginal vault, and the three
reference lines, was measured, respectively.
Perineal descent was measured as a perpendicular distance between the pubococcygeal
line and the caudal margin of the muscles sphincter ani [16, 17]. The dimension of the
genital hiatus was defined as the distance between the inferior rim of the pubic bone and the
posterior wall of the anal canal on the level of impression of the puborectal sling [7, 18].
Statistical methods
The sample size calculation was performed before the start of this study based on the
precision of the reliability. Twenty-three patients are needed to obtain a relative precision
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of 15% in the standard error. In order to reach the number of 23 for all measurements of
pelvic organ prolapse, a total of 30 patients are needed.
The intraobserver reliability was assessed of the first and second measurement of one of
the observers, and the interobserver reliability was assessed of the first measurements of this
observer and an additional measurement of the second observer. The intraclass correlation
coefficient (ICC) was calculated to measure the reliability of the quantitative MR imaging
measurements [ 19]. A linear mixed model was used to calculate the ICC of each specific
measurement of pelvic organ prolapse, separately. A separate model was used to study the
intraobserver ICC and for the interobserver ICC. The independent variable was the specific
measurement of pelvic organ prolapse. The dependent random variable was "patient" and
the dependent fixed variable was observer one (first, second) in case of the intraobserver
model and observer (one, two) in case of the interobserver model. The mean difference
between the two categories of the fixed variable and the ICC with their 95% confidence
interval are presented. An ICC of more than 0.8 denotes excellent agreement, between 0.8
and 0.6 good agreement, between 0.6 and 0.4 moderate agreement, and below 0.4 poor
agreement, respectively [20], SPSS version 14.0 (SPSS, Inc.,Chicago, IL, USA) was used to
perform the statistical analysis.

Results
Thirty women with pelvic organ prolapse were included. The median age was 52 years
(range= 32-76). The median parity was two (range= 1-5). The median of the most descended
point of prolapse during gynecological examination, according to the POP-Q system, was
+1 cm (range= minus 2- plus 7). Twenty-four women (80%) had a history of gynecological
surgery, consisting of surgery for pelvic organ prolapse (n= 22) and urinary incontinence
(n=2). Twenty patients had undergone previous hysterectomy, of whom two had a subtotal
hysterectomy.
The results show systematic differences in the intra- and interobserver reliability in relation to the mid-pubic line, but also in relation to the pubococcygeal line and H-line. These
differences are generally less than 0.5 cm which seems clinically irrelevant.
Table I shows the ICC and mean difference of the within and between observer measurements of pelvic organ prolapse at rest and straining by anatomical landmarks in relation to the
pubococcygeal line, the H-line, and the mid-pubic line and by clinical measurement points in
relation to the mid-pubic line. The ICC of the anatomical landmarks were excellent to good,
with some exceptions where inferior reliability came across. More specific, the interobserver
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Table 1 ICC and mean difference, with 95% CI, of the within and between observer measurements of pelvic organ prolapse
by anatomical landmarks and clinical measurement points in relation to three reference lines at rest and straining (n=30)
Intraobserver
ICC (95% CI)

Pubococcygeal line
Bl
Rest
Bn
C/V
ARJ
Ree

Interobserver

Mean difference m cm
(95% CI)

ICC (95% CI)

Mean difference in cm
(95% CI)

0.99
0.98
0.95
0.96
0.82

(0.98;
(0.95;
(0.90;
(0.91;
(0.66;

1.00)
0.99)
0.98)
0.98)
0.91)

-0.10
-0.03
-0.08
-0.16
0.19

(-0.16;-0.05)
(-0.11; 0.06)
(-0.26; 0.10)
(-0.50; 0.17)
(-0.10; 0.48)

0.87
0.92
0.83
0.83
0.70

(0.74;
(0.84;
(0.67;
(0.67;
(0.46;

0.93)
0.96)
0.91)
0.91)
0.85)

0.47
0.18
-0.15
0.54
-0.27

( 0.22;
( 0.04;
(-0.46;
( 0.16;
(-0.66;

0.71)
0.32)
0.16)
0.93)
0.12)

Bl
Bn
C/V
ARJ
Ree

0.99
0.90
0.94
0.84
0.93

(0.97;
(0.81;
(0.88;
(0.68;
(0.87;

0.99)
0.95)
0.97)
0.92)
0.97)

-0.07
0.11
-0.06
0.34
0.17

(-0.22; 0.09)
(Ό.12; 0.35)
(-0.32; 0.21)
( 0.00; 0.69)
( 0.00; 0.35)

0.83
0.70
0.83
0.84
0.83

(0.68;
(0.46;
(0.66;
(0.69;
(0.67;

0.92)
0.84)
0.92)
0.92)
0.91)

-0.28 (-0.78;
0.02 (-0.45;
-0.18 (-0.59;
0.31 (-0.03;
-0.08 (-0.38;

0.22)
0.50)
0.23)
0.64)
0.21)

Rest

Bl
Bn
C/V
ARJ
Ree

0.99
0.88
0.95
0.91
0.76

(0.97;
(0.77;
(0.90;
(0.82;
(0.56;

0.99)
0.94)
0.98)
0.96)
0.88)

-0.11 (-0.17;-0.06)
-0.01 (-0.16; 0.15)
-0.21 (-0.39;-0.03)
-0.15 (-0.34; 0.04)
0.01 (-0.36; 0.38)

0.76
0.86
0.84
0.73
0.73

(0.55;
(0.73;
(0.69;
(0.51;
(0.50;

0.88)
0.93)
0.92)
0.86)
0.86)

0.48 ( 0.22;
0.23 ( 0.08;
-0.22 (-0.53;
0.29 (-0.02;
-0,31 (-0.73;

0.73)
0.39)
0.08)
0.59)
0.10)

Straining

Bl
Bn
C/V
ARJ
Ree

0.98
0.91
0.83
0.75
0.93

(0.95;
(0.82;
(0.67;
(0.54;
(0.86;

0.99)
0.96)
0.91)
0.87)
0.97)

-0.13
0.07
-0.38
-0.13
0.02

(-0.32;
(-0.17;
(-0.83;
(-0.58;
(-0.17;

0.07)
0.30)
0.06)
0.32)
0.22)

0.83
0.69
0.68
0.45
0.86

(0.67;
(0.44;
(0.43;
(0.12;
(0.73;

0.91)
0.84)
0.83)
0.70)
0.93)

-0.41 (-0.86; 0.04)
0.19 (-0.63; 0.25)
-0.63 (-1.21;-0.04)
0.13 (-0.75; 0.50)
-0.18 (-0.47; 0.10)

Bl
Bn
C/V
ARJ
Ree
Tvl
A
M
Ρ

0.54
0.94
0.96
0.96
0.84
0.79
0.52
0.96
0.84

(0.23;
(0.87;
(0.92;
(0.92;
(0.68;
(0.61;
(0.20;
(0.91;
(0.68;

0.75)
0.97)
0.98)
0.98)
0.92)
0.90)
0.74)
0.98)
0.92)

0.12
0.02
-0.02
0.25
0.28
0.10
0.28
-0.03
0.30

(-0.11;
(-0.05;
(-0.17;
( 0.11;
(-0.05;
(-0.36;
( 0.00;
(-0.16;
( 0.07;

0.36)
0.09)
0.14)
0.38)
0.62)
0.55)
0.56)
0.16)
0.52)

0.50
0.51
0.90
0.77
0.65
0.72
0.22
0.90
0.40

(0.17; 0.73)
(0.19; 0.73)
(0.79; 0.95)
(0.58; 0.89)
(0.38; 0.81)
(0.49; 0.86)
(-0.15; 0.53)
(0.79; 0.95)
(0.01; 0.66)

0.34 ( 0.07; 0.61)
0.34 ( 0 . 1 2 ; 0.55)
-0.20 (-0.44; 0.03)
0.53 ( 0.23; 0.84)
-0.37 (-0.83; 0.10)
-0.69 (-1.15;-0.22)
0.31 (-0.26; 0.87)
-0.21 (-0.45; 0.02)
0.19 (-0.28; 0.67)

Bl
Bn
C/V
ARJ
Ree
A
M
Ρ

0.99
0.88
0.94
0.67
0.95
0.94
0.94
0.61

(0.98;
(0.75;
(0.87;
(0.41;
(0.89;
(0.87;
(0.87;
(0.33;

0.99)
0.94)
0.97)
0.83)
0.97)
0.97)
0.97)
0.79)

0.23 ( 0.11;
0.29 ( 0.07;
-0.11 (-0.35;
0.75 ( 0.34;
0.35 ( 0.13;
0.18 (-0.06;
-0.05 (-0.30;
0.36 (-0.20;

0.34)
0.52)
0.13)
1.17)
0.58)
0.43)
0.20)
0.93)

0.79
0.60
0.49
0.77
0.92
0.55
0.83
0.45

(0.61;
(0.31;
(0.16;
(0.57;
(0.84;
(0.25;
(0.68;
(0.11;

-0.28 (-0.68; 0.12)
-0.06 (-0.49; 0.37)
0.32 (-0.48; 1.13)
0.68 ( 0.32; 1.04)
0.17 (-0.11; 0.46)
-1.31 (-1.94;-0.69)
-0.28 (-0.69; 0.12)
-1.54 (-2.27;-0.82)

Straining

H-line

Mid-pubic line
Rest

Straining

0.90)
0.79)
0.72)
0.88)
0.96)
0.76)
0.92)
0.70)
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Table 1 η number of patients, ICC intraclass correlation coefficient, CI confidence interval, Bl bladder base, Bn bladder
neck, C/V most distal point of the cervix/vaginal vault, ARJ anorectal junction, Ree most anteriocaudal point of the
anterior rectal wall, Tvl total vaginal length, A most posteriocaudal point of the anterior vaginal wall, M most distal
point of the cervix/vaginal vault, Ρ most anteriocaudal point of the posterior vaginal wall

ICC of the anorectal junction during straining (ICC= 0.45) using the Η-line and the intra- and
interobserver ICC in the anterior compartment at rest (ICC= 0.54,0.50 and 0.51, respectively)
and the interobserver ICC during straining (ICC= 0.60 and 0.49) using the mid-pubic line
were moderate. The median interobserver ICC of the anatomical measurement points (Bl, Bn,
C/V, ARJ and Ree) of the pubococcygeal line were the highest both at rest and during straining
compared to the median interobserver ICC of the Η-line and mid-pubic line (0.83 and 0.83
compared to 0.76,0.69,0.65 and 0.77, respectively). In conclusion, the interobserver agreement
using the Η-line and the mid-pubic line was somewhat disappointing. The interobserver ICC of
the clinical measurement points were moderate to poor (ICC range= 0.22-0.55), with the excep
tion of the central compartment at rest and straining (ICC= 0.90 and 0.83, respectively).
Table 2 displays the ICC and mean difference of the within and between observer meas
urements of any outpouching of the anterior rectal wall in relation to a straight line through
the anterior border of the anal canal (line A), or in relation to the expected margin of

Table 2 ICC and mean difference, with 95% CI, of the within and between observer measurements of any outpouching
of the anterior rectal wall in relation to two different reference lines (n=30)
Intraobserver
ICC (95% CI)

Mean difference in cm
(95% CI)

Interobserver
ICC (95% CI)

Mean difference in cm
(95% CI)

Line A
Depth
Area
Perimeter

0.80 (0.61; 0.90)
0.88 (0.76; 0.94)
0.73 (0.50; 0.86)

0.15 (-0.21; 0.50)
0.95 (-0.22; 2.12)
0.01 (-1.60; 1.63)

0.79 (0.61; 0.90)
0.92 (0.81; 0.96)
0.93 (0.86; 0.97)

0.58 ( 0.17; 0.98)
1.04 (-0.08; 2.16)
0.19 (-0.69; 1.06)

Line Β
Depth
Area
Perimeter

0.85 (0.72; 0.93)
0.92 (0.83; 0.96)
0.75 (0.53; 0.87)

-0.10 (-0.37; 0.16)
0.09 (-0.83; 1.00)
-0.65 (-2.37; 1.07)

0.77 (0.57; 0.88)
0.88 (0.76; 0.94)
0.91 (0.82; 0.96)

0.69 ( 0.30; 1.07)
0.74 (-0.47; 1.96)
-1.13 (-2.12; -0.14)

η number of patients, ICC intraclass correlation coefficient, CI confidence interval, Line A an extended line of the
anterior border of the anal canal, Line Β the expected margin of the normal anterior border of the anal canal

the normal anterior rectal wall (line B). Both methods had a good to excellent intra- and
interobserver reliability (ICC range= 0.73-0.93).
The observers agreed on the presence of an enterocele in ten out of 30 patients. One
more small enterocele has been assessed by one of the observers, which has been disre
garded in the analysis. Table 3 presents the results of the ICC and mean difference of the
within and between observer measurements of enteroceles during straining in relation to
the pubococcygeal line, the Η-line, and the mid-pubic line. The intraobserver reliability of
the quantitative assessment for the three reference lines were excellent (ICC range= 0.91-

Table 3 ICC and mean difference, with 95% CI, of the within and between observer measurements of enteroceles
a
during straining in relation to three reference lines (n=10 )
Intraobserver

Interobserver

ICC (95% CI)

Mean difference in cm
(95% CI)

ICC (95% CI)

Mean difference in cm
(95% CI)

PCL

0.97 (0.89; 0.99)

-0.15 (-0.39; 0.09)

0.47 (-0.18; 0.84)

-0.06 (-1.21; 1.10)

H-line

0.91 (0.67; 0.98)

-0.45 (-0.95; 0.04)

0.45 (-0.21; 0.83)

0.09 (-1.32; 1.50)

MPL

0.95 (0.82; 0.99)

-0.22 (-0.62; 0.18)

0.78 ( 0.34; 0.94)

0.59 (-0.48; 1.66)

π number of patients, ICC intraclass correlation coefficient, CI confidence interval, PCL pubococcygeal line, MPL
mid-pubic line
a
The observers agreed on the presence of an enterocele in ten out of 30 patients. One more small enterocele
has been assessed by one of the observers, which has been disregarded in this analysis
Table 4 ICC and mean difference, with 95% CI, of the within and between observer measurements of perineal
descent in relation to the pubococcygeal line and the genital hiatus at rest and straining (n=30)
Intraobserver

Perineal descent
Rest
Straining
Genital hiatus
Rest
Straining

Interobserver

ICC (95% CI)

Mean difference in cm
(95% CI)

ICC (95% CI)

Mean difference in cm
(95% CI)

0.83 (0.68; 0.92)

0.08 (-0.14; 0.30)

0.52 (0.21; 0.74)

0.45 (-0.01; 0.91)

0.83 (0.67; 0.92)

0.17 (-0.10; 0.45)

0.72 (0.49; 0.86)

0.77 ( 0.36; 1.67)

0.88 (0.77; 0.94)

-0.34 (-0.53;-0.15)

0.75 (0.54; 0.87)

0.39 ( 0.13; 0.64)

0.89 (0.78; 0.95)

-0.15 (-0.34; 0.03)

0.72 (0.49; 0.86)

0.30 (-0.06; 0.66)

η number of patients, ICC intraclass correlation coefficient, CI confidence interval
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0.97), but the interobserver reliability for the pubococcygeal line and the Η-line were only
moderate (ICC= 0.47 and 0.45, respectively).
Table 4 shows the ICC and mean difference of the within and between observer meas
urements of perineal descent in relation to the pubococcygeal line and the genital hiatus.
Overall, the reliability of these measurements was good to excellent (ICC range= 0.72-0.89),
with the exception of the interobserver reliability at rest of perineal descent (ICC= 0.52).

Discussion
In the present study, we have determined the intra- and interobserver reliability of dynamic
MR staging in pelvic organ prolapse patients, using the three most common reference lines
at rest and during straining. The intra- and interobserver reliability of quantitative prolapse
staging on dynamic MR imaging were generally excellent to good. However, systematic dif
ferences and inferior reliability were mainly seen in relation to the mid-pubic line.
To our knowledge, only two studies have questioned the reliability of dynamic MR
imaging measurement of the pelvic floor. Morren et al. have assessed nulliparous female
volunteers, using the pubococcygeal line as reference line and different anatomical refer
ence points to evaluate the position of the pelvic organs [5]. Subsequently, Fauconnier et
al. have assessed women with pelvic organ prolapse and used the mid-pubic line and a
new-introduced reference line, the perineal line [4]. Both studies used the ICC to assess
reliability. Morren et al. reported that most measurement error was due to intraobserver
reliability, which was not reproduced in this study. Fauconnier et al. have also reported
excellent intra- and interobserver reliability of the MR imaging measurements.
Furthermore, Fauconnier et al. have introduced three measurement points on dynamic
MR imaging similar to the clinical staging by the POP-Q system [4, 9]. In contrast with
their findings, the reliability of these measurements was only moderate to poor on exter
nal validation in our study, with the exception of the central compartment (i.e., the most
descended point of the cervix or the vaginal vault).
In the present study, the cine-loop of images has been used, with very satisfactory reli
ability. Intra- and interobserver reliability can either be assessed in a cine-loop of images,
where each rater picks the own image for assessment or in a single predefined image.
Although, this difference may have an important influence on the results, the method used
in the two previous studies on reliability has not been described.
The presence of pelvic organ prolapse on dynamic MR imaging has frequently been
described whether or not pelvic organs descended below a certain reference line on Valsalva
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maneuver [12,18, 21]. This is probably the most widely used method in clinical practice
as well. In the present study, however, the reliability of this dichotomous distribution was
overall poor or showed in virtue of expectation a high agreement. These high agreements
were due to the fact that all anatomical landmarks were at a far distance of the reference
lines, and thus not discriminating. Consequently, a diagnostic test for pelvic organ prolapse,
merely based on descend below a certain reference line, seems to be a nonvalid method for
interpretation of dynamic MR images.
In literature, four different methods have been described to report on the presence or
staging of an enterocele on MR imaging, i.e., (1) an enterocele was diagnosed in case of
any outpouching of the peritoneal sack and its contents into the rectovaginal space [3, 7,
14, 15], (2) when the sack descended into the rectovaginal space for more than one third
of the proximal vagina [12, 22-24], (3) when the sack descended more than halfway the
vagina [25], or (4) when the peritoneal sack descended below a certain reference line [ 10,
11, 13, 26]. In the present study, the qualitative assessment (i.e., the first three methods)
was excellent to good. The interobserver reliability of the quantitative assessment for the
pubococcygeal line and the Η-line, however, were moderate.
For the full validation of a certain method, data on, for example, validity and appli
cability needs to be assessed besides reliability. In the present study, reliability is the only
parameter assessed. This limitation needs to be taken into account in the interpretation
of the results.
Another issue, which needs to be considered, is the ease of use of reference lines. The
pubococcygeal line is the most reliable to use, probably because this line is drawn between
two fixed bony points. In addition, the pubococcygeal line is the most widely used refer
ence line in the available literature, which is another advantage. Future studies are needed
to establish whether the pubococcygeal line is also the preferable reference line with regard
to validity, for example, compared to symptoms and the clinical staging of pelvic organ
prolapse.
Dynamic MR imaging is mostly performed in the supine position, as open-magnet unit
MR imaging, which are needed for prolapse assessment in the sitting position, are not very
widespread. Bertschinger et al. has concluded in a study on closed-magnet unit dynamic MR
imaging versus open-magnet unit dynamic MR imaging, i.e., supine vs. sitting position, that
the presence and severity grade of pelvic organ prolapse was concordant in the majority of
patients [27]. Based on their conclusion, we think that our findings on reliability also apply
when open-magnet unit dynamic MR imaging is used to asses pelvic organ prolapse.
The assessment of the MR images has been performed by an experienced radiologist ( JF)
and a novice observer (SB). Our data show that, in case of clear definitions of the reference
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line and measurement points, only a short training period was needed, to assess dynamic
MR images regarding pelvic organ prolapse in a reliable manner.
In conclusion, the intra- and interobserver reliability of quantitative prolapse staging
on dynamic MR imaging were generally good to excellent. The pubococcygeal line appears
to be the most reliable to use, since the median ICC's are lower for the Η-line and the midpubic line as compared with the pubococcygeal line.
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POP-Q, dynamic MR imaging, and
perineal ultrasonography:
do they agree in the quantification of
female pelvic organ prolapse?
ipm - ^

I
Abstract
Introduction and hypothesis: This study evaluates the agreement in prolapse staging between
clinipial examination, dynamic magnetic resonance (MR) imaging and perineal ultrasonograpny.
Methods: Anatomical landmarks in the anterior, central, and posterior compartment were
assessed in relation to three reference lines on dynamic MR imaging and one reference line
on dynamic ultrasonography. These measurements were compared to the according POP-Q
measurements. Agreement between the three methods was analyzed with Spearman's rank
correlation coefficient (r ) and Bland and Altman plots.
Results: Correlations were good to moderate in the anterior compartment (rs range= 0.49-0.70)
and moderate to poor (rs range= -0.03 - 0.49) in the central and posterior compartment. This
finding was independent of the staging method and reference lines used.
Conclusions: Pelvic organ prolapse staging with the use of POP-Q, dynamic MR imaging
and perineal ultrasonography only correlates in the anterior compartment.
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Introduction
Dynamic magnetic resonance (MR) imaging and perineal ultrasonography are newly introduced diagnostic tools used to stage or evaluate pelvic organ prolapse. Previously, radiographic
imaging has been used for this purpose, but since the 1990s dynamic MR imaging is gaining
interest, and in recent years perineal ultrasonography is gaining ground as well. The fast acquisition speed during imaging makes these dynamic assessments possible. The shared advantages
of these imaging modalities are the absence of ionizing radiation, the non-invasiveness, and
the superior soft tissue contrast. Additionally, perineal ultrasonography has the advantages of
low costs and can be performed by the gynecologist in the outpatient clinic, whereas dynamic
MR has the advantage of imaging a larger volume of the pelvic floor.
To standardize clinical examination, the International Continence Society recommends
the use of a site-specific system, with the hymenal remnants as point of reference: the Pelvic
Organ Prolapse Quantification (POP-Q) [1]. However, for the identification of all compartments involved in the prolapse, and to differentiate between an enterocele and an anterior
rectocele, additional imaging of the pelvic floor is frequently needed [2-5].
Four previous studies have assessed the agreement of POP-Q measurements with the use
of at least one reference line on dynamic MR imaging, but resulted in conflicting findings
[6-9]. With respect to ultrasonography, only one study has compared perineal ultrasonography with POP-Q, and has found good correlation for the anterior and central compartment
and moderate correlation for the posterior compartment [10]. To our knowledge, there are
no studies available which have assessed the agreement between dynamic MR imaging and
perineal ultrasonography measurements.
The aim of this study was to assess the agreement in prolapse staging between clinical
examination (according to POP-Q), dynamic MR imaging and perineal ultrasonography.

Materials and methods
This prospective observational study was carried out at the Radboud University Nijmegen
Medical Centre from September 2005 until March 2007. The center is a national tertiary referral center for women with pelvic organ dysfunctions. All women who underwent
dynamic MR imaging for the investigation of symptoms of complex pelvic floor dysfunction
during this period were included in our study. MR imaging was performed as part of routine
clinical practice in patients with recurrent prolapse, especially in the posterior compartment,
or in case the patient's complaints did not correspond with clinical findings.
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Pelvic organ prolapse was staged in a standardized manner on clinical examination
(POP-Q) in all women. A subset of women additionally underwent pelvic organ prolapse
staging with use of perineal ultrasonography. This technique was introduced in our center
in January 2007. Since then, all women who underwent dynamic MR imaging were evaluated by perineal ultrasonography as well. The study was submitted to and deemed exempt
by the local Institutional Review Board.
Clinical examination
Clinical assessment of the pelvic floor was performed by one out of three gynecologists
experienced in the assessment of pelvic organ prolapse, while patients were in the supine
lithotomy position. In the POP-Q, nine measurement points are assessed during maximal
Valsalva maneuver, except for the transvaginal length (TVL), which is measured at rest.
Only the measurements of POP-Q points Ba, C, Bp, and the TVL were used in the comparison with measurements on dynamic MR imaging and ultrasonography. Ba is the most
descended edge on the anterior vaginal wall, C represents either the most distal edge of the
cervix or the leading edge of the vaginal vault after total hysterectomy, whereas Bp is the
most descended edge on the posterior vagina wall. TVL is the depth of the vagina until the
fornix posterior when C is replaced to its normal position. Measurements in centimeters
relative to the hymenal remnants were used in the analysis.
Dynamic MR imaging protocol
The dynamic MR imaging examination was performed with the patient in supine position
with parallel and slightly flexed legs. Patients were requested not to void for 1-2 h prior to
the examination. The rectum was opacified using 100-150 ml ultrasound gel. The urethra,
bladder, and vagina were not opacified. No premedication was given. MR images were
acquired using a 3T MR scanner (TIM TRIO, Siemens Medical, Germany) and an eightchannel body phased-array coil. MR images were obtained in the sagittal plane using a
Half-Fourier acquisition single-shot turbo spin-echo sequence (2000 ms/ 90 ms repetition
time/ echo time; 1500 flip angle), with a temporal resolution of 1 second during 2 minutes.
During the MR examination, the patient was asked to relax the pelvic floor muscles, to
contract the muscles slowly, relax again, and then to increase the intra-abdominal pressure
and strain in order to defecate. To assure that the patient followed the instruction given,
all images were viewed online on the MR console. A whirl of urine in the bladder and/or a
dent into the cranial portion of the bladder, seen on the sagittal images, indicated adequate
straining. The MR examination time was approximately 35 minutes.
The images were analyzed at a later stage on a console with zoom facilities and elec-
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tronie calipers. The observer was blinded to the clinical findings. The midsagittal images on
maximal strain were used to assess the prolapse. The three reference lines used are shown in
Figure 1. The pubococcygeal line was defined as a straight line between the inferior rim of the
pubic bone and the last visible coccygeal joint [8,11], the Η-line as a straight line between
the inferior rim of the pubic bone and the posterior wall of the anal canal on the level of
the impression of the puborectal sling [12], and the mid-pubic line as a line drawn through
the longitudinal axis of the pubic bone, passing through its midequatorial point [9].
On maximum strain, the leading edge of the bladder (bladder), the cervix or vaginal
vault (C/W), and the most anteriocaudal point of the anterior rectal wall (rectum) were
determined in centimeters perpendicular to the three reference lines.
In addition to the aforementioned anatomical landmarks, clinical measurement points
were assessed to approximate point Ba, C, and Bp of the POP-Q system on MR imaging.
These measurement points were assessed using the mid-pubic line, because this line has been
introduced by Singh et al. as a reflection of the hymen, which is the reference structure in the
POP-Q system [9]. In the anterior compartment, the most posteriocaudal point of the anterior
vaginal wall was used; in the central compartment, the most distal point of the cervix or the
vaginal vault; and in the posterior compartment, the most anteriocaudal point of the posterior
vaginal wall. At rest, the TVL was furthermore assessed, measured from the fornix posterior or
vaginal vault, following the contour of the vagina, until the crossing with the mid-pubic line.
Figure 1 MR image obtained at
rest. Dynamic midsagittal HalfFourier acquisition single-shot turbo
spin-echo (2000/90;150 o ) through
the pelvis of a 62-year-old woman
with symptoms of pelvic organ
prolapse. The image shows the
reference lines used. PCL pubococ
cygeal line, Η-line, MPL mid-pubic
line

Perineal ultrasonography protocol
Translabial ultrasonography prolapse assessment was carried out in the midsagittal plane
using an 8-4 MHz transabdominal transducer ( Voluson 730 expert, GE Kretz Ultrasound,
Zipf, Austria) [ 13]. Women were in the supine lithotomy position with an (almost) empty
bladder. Anatomical landmarks used were the leading edge of the bladder (bladder), the
cervix or vaginal vault (C/W), and the most anteriocaudal point of the anterior rectal
wall (rectum). On maximum strain, the distance perpendicular to a horizontal reference
line through the inferoposterior margin of the symphysis pubis was determined in cen
timeters [14]. In order to obtain maximum descent, care was taken to minimize pressure
of the probe on the perineum. The ultrasonography examination time was approximately
20 minutes.
The three-dimensional images were stored and assessed offline at a later stage with the
use of GE Kretz 4D View software (Kretztecknik GmbH, Zipf, Austria). The physician who
performed the imaging was not blinded to the findings on physical examination, but the
observer of the anonymous offline images was blinded to these findings.
Statistical methods
Spearman's rank correlation coefficient was used to compare POP-Q measurements with
the measurements on dynamic MR imaging and ultrasonography, and to compare measure
ments on dynamic MR imaging and ultrasonography, respectively. A Spearman's correlation
coefficient of more than 0.80 denotes excellent correlation, between 0.80 and 0.60 good
correlation, between 0.60 and 0.40 moderate correlation, and below 0.40 poor correlation,
respectively. The mean difference between two measurements, with 95% confidence inter
val, and according Bland and Altman plots are presented [15]. SPSS version 16.0 (SPSS,
Inc..Chicago, IL, USA) was used to perform the statistical analysis. Ρ values < 0.05 were
considered statistically significant.

Results
Out of a hundred women who underwent dynamic MR imaging of the pelvic floor during
the study period, 97 women were included. Two patients were excluded because of imaging
artifacts as a result of movement of the patient, and imaging in one patient was cancelled
because of the patient's anxiety in the MR imaging scanner. All of the included women had
a POP-Q examination and 61 women (63%) also had a perineal ultrasonography examina
tion. Women's baseline characteristics are shown in Table 1.
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Table 1 Baseline characteristics of the study population (n= 97 women)
Age (years)
BMI (kg/m 2 )
Parity a
POP-Q (cm) a
Ba
C
Bp
Number of previous gynecological operations b
None
1 or 2 operations
> 3 operations
Types of gynecological surgery b
POP surgery
Urinary incontinence surgery
Hysterectomy

54.6 ±10.8
26.1 ±3.5
2 (1; 6)
- 1 (-3; +7)
- 6 (-10; +3)
0 (-3; +5)
5(5)
24 (26)
68 (74)
60 (62)
28 (29)
58 (60)

Data presented as mean ± SD, median (range) a or number of patients (percentage) b .
η number of patients, BMI body mass index, POP(-Q) Pelvic Organ Prolapse(-Quantification),
Ba most descended edge on the anterior vaginal wall during strain, C most distal edge of the
cervix or the leading edge of the vaginal vault during strain, Bp most descended edge on the
posterior vagina wall during strain, cm centimeters relative to the hymen

POP-Q vs. dynamic MR imaging and perineal ultrasonography
Table 2 shows the Spearman's correlation coefficient between POP-Q points Ba, C, and Bp
and the anatomical landmarks and the clinical measurement points on dynamic MR and the
anatomical landmarks on perineal ultrasonography. All measurements mutually correlate
statistically significant, except for the POP-Q TVL with the clinical measurement on MR
imaging, and POP-Q Bp with the rectum (posterior compartment) for the pubococcygeal
line on dynamic MR imaging and on perineal ultrasonography. Correlation of POP-Q Ba
with the bladder (anterior compartment) were good for all reference lines on MR images
(rs range= 0.61-0.66), but only moderate for the clinical measurement point on MR imaging
and perineal ultrasonography (rs=0.49 and 0.58, respectively). Correlation of POP-Q C with
the C/W (central compartment) on MR images were poor (r s range= 0.29-0.33), except
for the pubococcygeal line (rs= 0.40). Correlation of POP-Q Bp with the rectum (posterior
compartment) for the mid-pubic line and the clinical measurement point on MR imaging,
however, were higher (r s = 0.49 and 0.49, respectively) as compared with the correlation of
POP-Q Bp with the rectum using the pubococcygeal line (r = 0.01), the Η-line (r s = 0.23),
as well as on perineal ultrasonography (r = -0.03).
The cervix was seldom seen on perineal ultrasonography, including the women with
uterine descent. Even in retrospect, we could detect the cervix in the 3D cineloops in only
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Table 2 Correlation and mean difference, with 95% confidence interval between POP-Q points
and measurements on dynamic MR images using three different reference lines and dynamic
ultrasonography using a horizontal reference line
Mean difference in centimeters
(95% CI)

η

POP-Q Ba vs.
PCL bladder
H-lme bladder
MPL bladder
MPL MRI_Ba
US bladder
POP-Q C vs
PCL C/W
H-lme C/W
MPL C/W
MPL MRI_C
US C/W
POPQBpvs
PCL rectum
H-lme rectum
MPL rectum
MPL MRI_Bp
US rectum
POP-Q TVL vs.
MPL MRIJVL

r

s

97
97
97
95
61

2.67
1.85
0.63
0.10
1.19

( 2.38; 2.96)
( 1.57; 2.13)
( 0.38; 0.88)
(-0.23; 0.43)
( 0.72; 1.67)

0.66**
0.65**
0.61**
0.49**
0.58**

97
97
97
97

5.55
3.74
1.87
1.91

(
(
(
(

0.40**
0.33*
0.29**
0.29**

5 03;
3.22;
1.35;
1.38,

6.07)
4.26)
2.40)
2.44)

-

-

97
97
97
97
52

3 85
2.81
0.88
0.80
1.56

(
(
(
(
(

3 39; 4.32)
2.38; 3.23)
0.48; 1.27)
0.42; 1.18)
1 0 1 ; 2.10)

93

-1.98 (- 2.41; -1.55)

0.01
0.23*
0.49**
0.49**
-0.03
0.19

η number of patients, CI confidence interval, rs Spearman's rank correlation coefficient, POP-Q
Pelvic Organ Prolapse-Quantification, Ba most descended edge on the anterior vaginal wall
during strain, C most distal edge of the cervix or the leading edge of the vaginal vault during
strain, Bp most descended edge on the posterior vaginal wall during strain, TVL the depth of
the vagina when point C is replaced to its normal position at rest; PCL pubococcygeal line,
MPL mid-pubic line, US horizontal reference line on ultrasonography, bladder most descended
edge of the bladder, C/W most descended edge of the cervix/vaginal vault, rectum most
antenocaudal point of the anterior rectal wall, MRIJBa clinical measurement point on MR
imaging to approximate POP-Q Ba, MRI_C clinical measurement point on MR imaging to
approximate POP-Q C, MRIJBp clinical measurement point on MR imaging to approximate
POP-Q Bp, MRIJTVL clinical measurement on MR imaging to approximate POP-Q TVL, - = not
applicable.
PCL bladder distance in centimeters from the pubococcygeal line to the most descended
edge of the bladder A positive sign indicates below, whereas a negative sign indicates above
the reference line. For example, a mean difference of 2.67 cm indicates that the MR imaging
measurement in relation to the reference line is 2.67 cm more caudal as compared with the
POP-Q measurement in relation to the hymenal remnants
•Statistically significant at the 0.05 level (two-tailed), **statistically significant at the 0.01
level (two-tailed).
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four out of eleven women with POP-Q point C > -5. Consequently, comparison of perineal
ultrasonography of the central compartment to other measurements was not feasible.
Figure 2 presents the Bland and Altman plots of the POP-Q measurements versus the
corresponding dynamic MR measurements and perineal ultrasonography measurements. The
range of two standard deviations, the mean, and the reference at zero are indicated. Each dot
represents one woman. The plots show oblique lines, because of the discrete values for POP-Q
Ba, C and Bp. In each plot, the majority of the individual dots are situated above the reference
at zero, except when the mid-pubic line was used. This is due to the fact that the pubococcygeal
line is situated most cranially. The difference in reference lines leads to a systematic difference
with higher pelvic organ prolapse stages on dynamic MR imaging and perineal ultrasonog
raphy as compared with clinical examination, except for the mid-pubic line.

Perineal ultrasonography vs. dynamic MR imaging
Table 3 shows the Spearman's correlation coefficient between the measurements on perineal
ultrasonography and on dynamic MR images. Correlation of the bladder (anterior com-

Table 3 Correlation and mean difference, with 95% confidence interval between
measurements on dynamic MR images using three different reference lines and
ultrasonography using a horizontal reference line
η
US bladder vs.
PCL bladder
Η-line bladder
MPL bladder
US rectum vs.
PCL rectum
Η-line rectum
MPL rectum

Mean difference in centimeters
(95% CI)

rs

61
61
61

1.44 ( 1.01; 1.86)
0.61(0.20; 1.03)
-0.54 (-0.97;-0.11)

0.70*
0.68*
0.61*

52
52
52

1.84 ( 1.37; 2.30)
0.96(0.47; 1.45)
-0.62 (-1.12;-0.13)

0.19
0.11
OIT

η number of patients, 0/ confidence interval, r s Spearman's rank correlation coefficient, US
horizontal reference line on ultrasonography, POL pubococcygeal line, MPL mid-pubic line,
bladder most descended edge of the bladder, rectum most anteriocaudal point of the anterior
rectal wall.
PCL bladder distance in centimeters from the pubococcygeal line to the most descended
edge of the bladder. A positive sign indicates below, whereas a negative sign indicates above
the reference line. For example, a mean difference of 1.44 cm indicates that the MR imaging
measurement in relation to the reference line is 1.44 cm more caudal as compared with the
ultrasonography measurement in relation to the horizontal reference line
*Statistically significant at the 0.01 level (two-tailed)
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Figure 2 The differences of two methods (Y-axis) is plotted against the average of two methods (X-axis).
The dotted lines represent two standard deviations, the continuous line represents the mean, and the reference at zero is plotted. POP-Q Pelvic Organ Prolapse-Quantification, Ba most descended edge on the anterior
vaginal wall during strain, C most descended edge of the cervix or the leading edge of the vaginal vault during
strain, Bp most descended edge on the posterior vagina wall during strain, bladder most descended edge
of the bladder, C/W most descended edge of the cervix/vaginal vault, rectum most anteriocaudal point of
the anterior rectal wall, PCL pubococcygeal line, MPL mid-pubic line, MPL MRI clinical measurement points
to approximate POP-Q Ba, 0, and Bp on MR imaging using the mid-pubic line, US horizontal reference line on
ultrasonography. Note: left top panel shows the difference of POL bladder with POP-Q Ba vs. the average of
these two in centimeters.
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Figure 3 The differences of two methods (Y-axis) against the average of two methods (X-axis). The dotted lines
represent two standard deviations, the continuous line represents the mean, and the reference at zero is plot
ted, bladder most descended edge of the bladder, rectum point anterior most anteriocaudal of the rectal wall,
PCL pubococcygeal line, MPL mid-pubic line, US horizontal reference line on ultrasonography. Note: left top
panel shows the difference of POL bladder with US bladder vs. the average of these two in centimeters.
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partment) between perineal ultrasonography and dynamic MR imaging were statistically
significant and good (r range= 0.61-0.70), whereas correlation of the rectum (posterior
compartment) were not statistically significant and only poor (rs range= 0.11-0.19).
Figure 3 presents the Bland and Altman plots of the perineal ultrasonography measurements and the corresponding dynamic MR measurements. The range of two standard
deviations, the mean, and the reference at zero are indicated. Each dot represents one
woman. Most dots are plotted above the reference at zero due to the systematic difference.
The horizontal reference line on perineal ultrasonography seems to correspond best with
the hymen, as compared to the other reference lines.

Discussion
In the present study, we have determined the agreement between clinical prolapse staging
and staging on dynamic MR imaging and perineal ultrasonography. The agreement showed
to be moderate to poor, except for the anterior compartment. We have also determined the
agreement between the measurements on perineal ultrasonography and on dynamic MR
images, which showed good agreement in the anterior compartment only. The results were
independent of the reference line used on dynamic MR imaging.
Correlation of POP-Q stages with dynamic MR imaging has been studied before [6-9].
Until now, however, only one paper has compared the POP-Q centimeters and not the derivated POP-Q stages with measurements on dynamic MR imaging. This was by Fauconnier
et al., who have described good correlations for the anterior and central compartment when
using the mid-pubic and perineal line (r= 0.71,0.79 and 0.74, 0.80, respectively) [7].
Dietz et al. have first assessed the correlation of measurements on perineal ultrasonography with POP-Q. They have described good correlation between the two modalities, except
for the posterior compartment (rs= 0.72,0.77, and 0.53 for the anterior, central and posterior
compartment, respectively) [ 10]. In agreement with theirfindings,we have found the poorest
correlation in the posterior compartment. However, our results even showed a lack of correlation
between the two modalities. In our search for an explanation, we have analyzed whether the
posterior compartment correlated poorly with all modalities, because of a more ventral than
caudal development of the anterior rectal wall (i.e., bulging into the vagina and not through
the introïtus of the vagina). This hypothesis could, however, not be confirmed in two groups
often women with the smallest (i.e., ventral) and the largest (i.e., caudal) angle of development
of the rectocele on dynamic MR images in relation to the pubococcygeal line, since there was
poor agreement between POP-Q point Bp with both of these two groups of women.
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It has previously been described that the cervix was only clearly visible on perineal
ultrasonography when values of > -5 were documented for POP-Q point C [10]. In our
series, however, even in retrospect, the cervix was only infrequently seen in women with
uterine descent. Unfortunately, we had no access to 2D ultrasonography loops which would
probably made the assessment easier, because of better imaging quality as compared with
the 3D volumes used in the present study.
Correlations can be influenced by the intra- or interobserver reliability (or reproducibility) of the different modalities. When reliability is moderate or poor, correlations can
be negatively influenced. In the literature, reliability of measurements with the POP-Q
system are described by Hall et al. as largely substantial and highly significant, although the
interobserver reliability for POP-Q point C and TVL is only moderate (r = 0.52 and 0.49,
respectively), as well as the intraobserver reliability for TVL (r = 0.43) [ 16]. Reliability of MR
imaging measurements in women with POP in relation to the reference lines used in this
study were described as excellent to good by Fauconnier et al. and Broekhuis et al. [7,17].
Braekken et al. has described excellent intraobserver reliability when the bladder neck was
used as measurement point on perineal ultrasonography [ 18]. The reliability of the other
measurement points on perineal ultrasonography have not been described until now.
In line with our findings, other studies have reported that dynamic MR imaging bears
the risk of overestimation of the severity of pelvic organ prolapse as compared to clinical
examination [7, 9, 10]. Consequently, the question is whether clinical examination or the
imaging techniques represent the real severity of pelvic organ prolapse. According to our
clinical experience in the operating theatre, the imaging techniques seem to exaggerate the
extensiveness of pelvic organ prolapse and bear the risk of overtreatment.
To our best knowledge, this is the first report on the agreement of dynamic MR imaging
with dynamic perineal ultrasonography in women with pelvic organ prolapse. The findings
were comparable to the correlations of each modality with POP-Q. In view of the high correlations, imaging is not likely to have an additional value for the anterior compartment,
and POP-Q can be regarded as the golden standard of pelvic organ prolapse staging in the
anterior compartment. Agreement between the measurements of the two imaging modalities in the posterior compartment was poor. At this stage, the available evidence does not
provide the proof for the superiority of one of these imaging techniques in the central and
posterior compartment. It is conceivable that dynamic imaging modalities outperformed
clinical examination and unveiled findings that were missed with clinical examination,
although this cannot be proven at this time point.
Correlation of the two imaging modalities with surgical findings remains difficult to
accomplish, because no standardized staging system is available for assessment during sur-
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gery. The future evaluation of patient's symptoms in relation to POP-Q and various imag
ing techniques may further lead the way in the choice for the golden standard pelvic organ
prolapse staging in the central and posterior compartment.
Our results may have been influenced by our patient population, which consisted of a
large number of women who had at least three previous operations for pelvic organ prolapse
or urinary incontinence. In general, this specific patient population may result in more dif
ficult assessment of pelvic organ prolapse in all three modalities of assessment.
In conclusion, our study showed that pelvic organ prolapse staging with the use of
POP-Q, dynamic MR imaging and dynamic perineal ultrasonography correlates good in
the anterior compartment and only moderate to poor in the central and posterior compart
ment regardless of the reference line used.
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Symptoms of pelvic floor dysfunction
are poorly correlated with findings on
clinical examination and dynamic
MR imaging of the pelvic floor

Abstract
Introduction and hypothesis: The aim of the study was to determine whether patients'
symptoms agree with findings on clinical examination and dynamic MR imaging of the
pelvic floor.
Methods: Symptoms of pelvic organ dysfunction were measured with the use of three validated questionnaires. The domain scores were compared with POP-Q and dynamic MR
imaging measurements. The Spearman's rank correlation coefficient (rs) was used to assess
agreement.
Results: Only the domain score genital prolapse was significantly correlated in the positive
direction with the degree of pelvic organ prolapse as assessed by POP-Q and dynamic MR
imaging (r = 0.64 and 0.27, respectively), whereas the domain score urinary incontinence
was inversely correlated (rs= -0.32 and -0.35, respectively).
Conclusions: The sensation or visualization of a bulge in the vagina was the only symptom
which correlated positively with the degree of pelvic organ prolapse, and clinical examination
and dynamic MR imaging showed similar correlation in this respect.
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Introduction
Pelvic organ prolapse and symptoms of pelvic organ dysfunction are both common in the
general population and may occur concurrently, but independently. Therefore a good understanding of the interrelation is of utmost importance and aids in the (preoperative) counseling
of patients. The correlation between patients' symptoms and clinical staging of pelvic organ
prolapse is known to be poor. Previous studies have, for example, shown little or no agreement
between pelvic organ prolapse severity and symptoms of bladder and bowel dysfunction [ 1-7].
The only symptom which has previously shown to be well correlated with the severity of
prolapse was "to see or to feel a bulge in the vagina" [1,5,8-12]. Furthermore, in a study on
the comparison of POP-Q and ultrasound staging of prolapse, the two methods performed
similar with regards to the identification of women with the sensation or visualization of
a lump in the vagina [13]. Dynamic MR imaging of the pelvic floor is another potentially
useful diagnostic tool in the preoperative assessment of pelvic floor dysfunction [14]. Until
now, however, there are no studies available which have assessed the agreement between
measurements on dynamic MR imaging and patients' symptoms. The aim of the present
study was to determine whether patients' symptoms assessed with validated questionnaires
agree with staging of pelvic organ prolapse on POP-Q and dynamic MR imaging.

Materials and methods
This observational study was performed at the Radboud University Nijmegen Medical
Centre, the Netherlands, from September 2005 through January 2008. The center is a national
tertiary referral center for women with pelvic organ dysfunctions. Inclusion criteria were
consecutive women with pelvic organ dysfunction, i.e., pelvic organ prolapse, urinary, or
defecatory disorders, who underwent dynamic MR imaging in the inclusion period. MR
imaging was performed as part of routine clinical practice in patients with recurrent prolapse, especially in the posterior compartment, and in case the patient's complaints did not
correspond with clinical findings.
The study was submitted to and deemed exempt by the local institutional review board.
Symptom assessment
Patients' symptoms were measured with the use of the disease specific quality of life questionnaires Urogenital Distress Inventory (UDÌ), Defecatory Distress Inventory (DDI) and
the Incontinence Impact Questionnaire (IIQ). The questionnaires have previously been
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validated for the Dutch language [15, 16]. The UDI consist of 11 items and five domains
on bothersome urinary complaints. The DDI measures bothersome defecatory complaints,
and consists of 11 items and five domains. The IIQ consists of 13 items and measures the
impact of urinary incontinence on quality of life in five domains. The score on each domain
of these questionnaires ranges from 0 till 100, where 0 indicates the best quality of life and
100 indicates the poorest quality of life.
Clinical examination
Clinical assessment of pelvic organ prolapse was performed with the use of POP-Q by one out
of three gynecologists experienced in the assessment of pelvic organ prolapse. In the POP-Q,
nine measurement points are assessed during maximal Valsalva maneuver and in the supine
lithotomy position, except the transvaginal length (TVL), which is measured at rest. Only the
measurements of POP-Q points Ba, C, and Bp were used in this study. Ba is the most descended
edge of the anterior vaginal wall in centimeters relative to the hymenal remnants, C represents
either the most distal edge of the cervix or the leading edge of the vaginal vault after total
hysterectomy, whereas Bp is the most descended edge of the posterior vagina wall.
Dynamic MR imaging protocol
The dynamic MR imaging examination was performed with the patient in the supine position
with parallel and slightly flexed legs. Patients were requested not to void for 1-2 h prior to the
examination. The rectum was opacified using 100-150 ml ultrasound gel. The urethra, blad
der and vagina were not opacified. No premedication was given. MR images were acquired
using a 3T MR scanner (TIM TRIO, Siemens Medical, Germany) and an eight-channel
body phased-array coil. MR images were obtained in the sagittal plane using a Half-Fourier
acquisition single-shot turbo spin-echo sequence (2000 ms/ 90 ms repetition time/ echo time;
1500 flip angle), with a temporal resolution of 1 second during 2 minutes. During the MR
examination the patient was asked to relax the pelvic floor muscles, to contract the muscles
slowly, relax again, and then to increase the intra-abdominal pressure and strain in order to
defecate. To assure that the patient followed the instruction given, all images were viewed
online on the MR console. A whirl of urine in the bladder and/or a dent into the cranial
portion of the bladder, seen on the sagittal images, indicated adequate straining.
The images were analyzed at a later stage on a console with zoom facilities and electronic
calipers. The observer was blinded to the patients' symptoms and the clinical findings. The
midsagittal images on maximal strain were used to assess the prolapse. The pubococcygeal
line was defined as a straight line between the inferior rim of the pubic bone and the last
visible coccygeal joint, the Η-line as a straight line between the inferior rim of the pubic
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bone and the posterior wall of the anal canal on the level of the impression of the puborectal
sling, and the mid-pubic line as a line drawn through the longitudinal axis of the pubic
bone, passing through its midequatorial point [17].
On maximum strain, the leading edge of the bladder (anterior compartment), the cervix
or vaginal vault (central compartment), and the most anteriocaudal point of the anterior
rectal wall or the most distal portion of the peritoneal sack containing peritoneal fat or
small bowel loops (posterior compartment) was determined in centimeters perpendicular
to the three reference lines.
Statistical methods
The most descended POP-Q point and the most descended measurement on dynamic MR
imaging (irrespective of the compartment) were used in the analysis. Spearman's rank cor
relation coefficient was used to test the correlation between the different measurements, i.e.,
the domain scores on the questionnaires, the most descended POP-Q point, and the most
descended MR imaging measurement. A Spearman's correlation coefficient of more than 0.80
denotes excellent correlation, between 0.80 and 0.60 good correlation, between 0.60 and 0.40
moderate correlation, and below 0.40 poor correlation, respectively. SPSS version 16.0 (SPSS,
Inc.,Chicago, IL, USA) was used to perform the statistical analysis. Ρ values < 0.05 were con
sidered statistically significant.

Results
One hundred and twenty women underwent dynamic MR imaging of the pelvic floor during
the study period. Sixty-nine of these women had completed the questionnaires and were
included in the analysis. Sixty-six of these sixty-nine women underwent POP-Q examination.
Women's baseline characteristics and clinical measurements are shown in Table 1. Ninety
procent of the women had a previous history of one or more gynecological operations, i.e.,
a hysterectomy, POP surgery or urinary incontinence surgery.
Tables 2, 3, and 4 show the mutual correlations between domain scores (e.g., the UDI
domain scores vs. the UDI domain scores, the DDI domain scores vs. the DDI domain scores,
and the IIQ domain scores vs. the IIQ domain scores). The statistical significant results of these
mutual correlations had a positive direction (rs range= 0.26-0.59), with the exception of the
correlation between the domain score genital prolapse with the domain score urinary inconti
nence (r = -0.42). This negative correlation can be explained by the fact that more severe POP
may result in a decrease of urinary incontinence symptoms due to more obstruction.
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Table 1 Characteristics of the women included in the study (n= 69)
Baseline characteristics
Age (years)
54 (31; 75)
BMI (kÊ/m2)
26 (20; 36)
Parity a
2 ( 1 ; 6)
Number of previous gynecological operations a
None
7 (10%)
1 or 2 operations
22 (32%)
> 3 operations
40 (58%)
Types of gynecological surgery a
POP surgery
34 (49%)
Urinary incontinence surgery 16 (23%)
Hysterectomy
39 (57%)
Clinical measurements
POP-Q (cm)
Ba
C
Bp
Most descended point
MRI, most descended (cm)
PCL
H-lme
MPL
UDI
Overactive bladder
Urinary incontinence
Obstructive micturition
Discomfort/pain
Genital prolapse

-2
-6
0
0

(-3;+4)
(-9;+3)
(-3; +4)
(-3; +4)

DD/
Constipation
Obstructed defecation
Pain
Fecal incontinence
Ratulence

17
17
0
17
33

(0;
(0;
(0;
(0;
(0;

100)
83)
100)
100)
100)

33
39
22
17
33

(0;
(0;
(0;
(0;
(0;

100)
100)
89)
100)
100)

»Q
0.4 (-1.2; 2.5)
0.5 (-1.2; 2.6)
0.6 (-1.6; 2.9)

33
17
17
33
33

(0;
(0;
(0;
(0;
(0;

Physical functioning
Mobility
Social function
Embarrassment
Emotional health

100)
100)
100)
100)
100)

η number of patients, BMI body mass index, POP(-Q) Pelvic Organ Prolapse(-Quantification),
cm centimeters relative to the hymen, Ba most descended edge of the anterior vaginal
wall during strain, C most descended edge of the cervix or vaginal vault during strain,
Bp most descended edge of the posterior vagina wall during strain, MRI magnetic resonance
imaging, PCL pubococcygeal line, MPL mid-pubic line, UDI Urogenital Distress Inventory, DD/
Defecatory Distress Inventory, IIQ Incontinence Impact Questionnaire
a
Data presented as median (range) or number of patients
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Table 2 The mutual correlation of the Urogenital Distress Inventory domain scores
Overactive
bladder

Urinary
incontinence
η

Overactive bladder

60

1.00

Urinary incontinence

r

s

Obstructive
micturition
η

r

s

Discomfort /
Pain
η

η

r

s

57

0.06

61

0.28*

60

-0.42'*

63

0.26*

62

0.39"

67

1.00

63

0.28*

65

1.00

0.41**

60

0.45**

58

63

1.00

63

-0.06

65

1.00

Discomfort/Pain

s

0.47**

60

Obstructive micturition

r

Ge η ita I
prol apse

Genital prolapse
η number of patients, rs Spearman's rank correlation coefficient
* Correlation is significant at the 0.05 level (two-tailed)
** Correlation is significant at the 0.01 level (two-tailed)

Table 3 The mutual correlation of the Defecatory Distress Inventory domain scores
Constipation
η

Constipation

65

Obstructed
defecation

Fecal
Incontinence

Pc lin

η

s

η

1.00

64

0.56**

64

0.55**

63

-0.15

63

-0.14

65

1.00

63

0.51'*

64

0.02

64

0.05

65

1.00

63

0.00

63

0.08

66

1.00

65

0.49"

66

1.00

r

Obstructed defecation

r

s

Pain

η

Flatulence

r

s

Fecal incontinence
Flatulence

r

s

η number of patients, rs Spearman's rank correlation coefficient
** Correlation is significant at the 0.01 level (two-tailed)

Table 4 The mutual correlation of the Incontinence Impact Questionnaire domain scores
Mobility

Physical
functioning
η

Physical functioning
Mobility
Social function

65

1.00

r

s

Social
function
η

r

s

Embarrassment
η

r

s

Emotional
health
η

r

s

64

0.35"

60

0.43"

62

0.00

65

0.24

66

1.00

62

0.51"

63

0.46**

66

0.48*'

62

1.00

59

0.39**

62

0.58**

64

1.00

64

0.59*'

67

1.00

Embarrassment
Emotional health
η number of patients, re Spearman's rank correlation coefficient
* * Correlation is significant at the 0.01 level (two-tailed)

,?

The statistical significant correlation between the most descended POP-Q point with the
most descended measurement on dynamic MR imaging was r s = 0.39. The statistical significant
correlations between the three reference lines, e.g., the most descended measurement in relation
to the pubococcygeal line vs. the Η-line, the pubococcygeal line vs. the mid-pubic line, and the
Η-line vs. the mid-pubic line were rs= 0.94, rs= 0.79, and rs= 0.83, respectively. For the ease of
presentation, the results in Table 5 are shown in relation to the pubococcygeal line only. In view
of the high correlations, however, the results apply to the two other reference lines as well.
Table 5 shows the Spearman's correlation between the domain scores of the questionnaire
with the most descended POP-Q point and with the most descended measurement on dynamic
MR imaging in relation to the pubococcygeal line, respectively. The correlations were mostly
negative and only moderate to poor. The domain scores obstructive micturition, genital prolapse
and physical functioning correlated statistically significant with the most descended POP-Q

Table 5 Spearman's correlation between questionnaire domain scores and the most
descended POP-Q point and the most descended measurement on dynamic MR imaging
MR imaging a

POP-Q
π

r

.

η

's

UDI

Overactive bladder
Urinary incontinence
Obstructive micturition
Discomfort/pain
Genital prolapse

58
61
62
64
62

-0.06
-0.32*
0.35**
0.24
0.64**

60
63
67
65
65

-0.17
-0.35**
0.07
-0.01
0.27*

DDI

Constipation
Obstructed defecation
Pain
Fecal incontinence
Flatulence

62
62
62
63
63

0.00
0.05
-0.04
-0.11
-0.02

65
65
65
66
66

-0.03
-0.05
-0.08
-0.25*
-0.41**

IIQ

Physical functioning
Mobility
Social function
Embarrassment
Emotional health

62
63
59
61
64

0.36**
-0.16
0.00
-0.25*
-0.18

65
66
62
64
67

0.06
-0.27*
-0.15
-0.47**
-0.33**

POP-Q Pelvic Organ Prolapse-Quantification, MR magnetic resonance, η number of patients,
rs Spearman's rank correlation coefficient, UDI Urogenital Distress Inventory, DD/ Defecatory
Distress Inventory, IIQ Incontinence Impact Questionnaire
a
measurements in relation to the pubococcygeal line,
* Statistically significant at the 0.05 level (two-tailed),
** Statistically significant at the 0.01 level (two-tailed)

, fi
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point in the positive direction (r = 0.35,0.64, and 0.36, respectively), as did the domain score
genital prolapse with the most descended MR imaging measurement (r = 0.27). The strongest correlations were between the UDI domain score genital prolapse and the most descended
POP-Q point (rs= 0.64), and between the DDI domain scoreflatulenceand IIQ domain score
embarrassment and the most descended MR imaging measurement (r = -0.41 and -0.47).

Discussion
This observational study is, to our knowedge, the first report on the agreement between
patients' symptoms as assessed with validated questionnaires and findings on dynamic MR
imaging of the pelvic floor. These results were offset against the agreement between patients'
symptoms and POP-Q findings. In view of the low correlations, dynamic MR imaging of
the pelvic floor is not likely to have an additional value in the prediction of symptoms, and
clinical examination can thus be regarded as the golden standard. As confirmed by previous
studies, to see or to feel a bulge in the vagina was the only symptom that correlated well
with the degree of pelvic organ prolapse [1,5,8-12].
Our findings are of utmost importance in the counseling of pelvic organ prolapse
patients and the discussion on patient's expectations. Patients with symptoms other than the
sensation or visualization of a bulge in the vagina need to be informed that their symptoms
might not be a direct result of the pelvic organ prolapse. Consequently, it is unclear to what
degree these symptoms improve following surgical treatment.
More severe pelvic organ prolapse may result in a decrease of urinary incontinence symptoms due to more obstruction. Although, there are some previous studies that support this
theory [2, 5], others have reported that urinary incontinence symptoms were not associated
with the degree of pelvic organ prolapse [1,6,9,10]. In the present study, however, the relationship between more severe prolapse and urinary incontinence was reflected in the inversed
correlations between more bother on the domain score urinary incontinence and genital prolapse, as well as the domain score urinary incontinence and more severe pelvic organ prolapse
on MR imaging and clinical examination. Less incontinence at higher prolapse stages was also
demonstrated in the inversed correlation between several domain scores of the IIQ with the
degree of pelvic organ prolapse. As expected, these impact scores had a statistical significant
positive correlation with the domain score urinary incontinence of the UDI.
The main question remains why the degree of pelvic organ prolapse correlates so poorly
with various patients' complaints, with the exception of the question on to see or to fee a
bulge in the vagina. It might be partly due to the fact that pelvic organ prolapse and pelvic
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floor dysfunctions are both very common disorders. Our results suggest that bladder and
bowel dysfunctions coexist without a causal relation to the degree of prolapse.
In the present study we report on the agreement of symptoms with the most descended
edge of prolapse. We did, however, analyze the data on the agreement between symptoms
and the descent in each compartment separately. Overall, this resulted in even poorer correlations between pelvic floor dysfunctions and cystocele, uterine descent / vaginal vault
prolapse, or rectocele separately. In other words, there are no specific symptoms related to
the descent in the different compartments.
In dynamic MR imaging, various reference lines may be used to stage pelvic organ
prolapse [17]. The preferable reference line is, however, a subject of ongoing debate [ 17,
18]. In the present study, there was a good to excellent mutual correlation between the MR
imaging measurements in relation to the three different reference lines. This shows that the
differences between the reference lines are only minor and either choice for a reference line
seems correct. We choose to present the results for the pubococcygeal line, since this is the
most widely used reference line and the measurements previously showed good reproducibility [ 18]. The results hold true, however, for the other reference lines as well.
The results of our study may have been influenced by the tertiary referral patient population, which consisted of sixty-two women (90%) who had at least one previous operation
for pelvic organ prolapse or urinary incontinence. In this specific patient population, the
evaluation of symptoms in relation to pelvic organ prolapse stages may be more complex,
regardless of the modality used. Until now, it is unclear to what extent our results apply to
other populations as well, such as to women without previous surgery.
In conclusion, to see or to feel a bulge in the vagina was the only symptom that correlated
with the degree of pelvic organ prolapse. In comparison with clinical examination, dynamic
MR imaging had no additional value in the prediction of symptoms with increasing degree
of pelvic organ prolapse. However, the fast majority of the included women had previous
one or more pelvic surgical procedure(s). The conclusions may therefore not be the same
to naive patients.
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A systematic literature review of clinical
studies on the association of perineal
descent with patients' symptoms

Abstract
Introduction and hypothesis: The aim of our study was to provide a systematic literature
review of clinical studies on perineal descent in order to assess the association with symptoms
of pelvic floor dysfunction.
Methods: The database PubMed was searched. Clinical studies were included in case they
compared standardized measurements of perineal descent with patients' symptoms.
Results: Thirty-five studies were included, in which measurements of perineal descent were
compared with symptoms of fecal incontinence, constipation, obstructed defecation, rectal
or pelvic pain, prolapse, and stress urinary incontinence. An association of perineal descent
with constipation, rectal pain, or stress urinary incontinence seems unlikely. The existing data
on the association of perineal descent with fecal incontinence or obstructed defecation are
conflicting. Prolapse symptoms, however, seem to be associated with the degree of perineal
descent.
Conclusions: Perineal descent has shown to be related to symptoms of pelvic organ prolapse,
and may be an under-appreciated phenomenon by urogynecologists.
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A systematic literature review on perineal descent

Introduction
The descending perineum syndrome was first described in 1966 as a disorder of the pelvic
floor by Parks et al. [ 1 ]. Typically, ballooning of the perineum several centimeters below the
bony outlet of the pelvis during strain is present, although descent can also occur at rest.
One of the main causes of perineal descent is thought to be excessive and repeated
straining. This straining forces the anterior rectal wall to protrude into the anal canal and
creates a sensation of incomplete defaecation and weakness of the pelvic floor musculature.
In turn this causes more staining, and a vicious cycle is established [1,2]. Other causes of
perineal descent mentioned are weakness of the muscles of the pelvic floor caused by either
the neuropathic degeneration of muscle that accompanies old age [3-5], or trauma to the
muscles of the pelvic floor or their nerve supply during pregnancy or childbirth [4,6, 7].
Abnormal perineal descent has been described in association with a variety of anorectal
disorders, such as constipation, fecal incontinence, solitary rectal ulcer syndrome, perineal
discomfort and pain [8-10]. In the gynecological literature, the terms perineal descent or
descending perineum syndrome have also been used in relation with pelvic organ prolapse.
The clinical implication of the condition and the relation to patients' symptoms is, however,
still unknown. The aim of our study was to provide a systematic literature review of clinical
studies on perineal descent in order to clarify the association with symptoms of pelvic floor
dysfunctions.

Materials and methods
The database PubMed was searched until February 24, 2009. The used search terms generally referred to the different terms for "perineal descent": (perineum OR perineal OR
anoperineal OR perineocele) AND (prolapse OR descent OR descending OR sagging OR
hypermobility). References of relevant retrieved studies were cross-checked for additional
studies. The reviewer was not blinded to details of authorship.
Studies were included that compared measurements of perineal descent with patients'
symptoms. For inclusion, studies had to report on women (or a combination of men and
women), on the definition and method used to assess perineal descent, and on the comparison of the perineal descent measurement with patients' symptoms. The studies had to
be in English, and mention the term perineal descent or descending perineum (syndrome)
or pelvic descent or perineal position or perineal level in the title or abstract. Papers were
excluded in case of review articles, case reports, and letters to the editor. Because we were
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especially interested in the comparison of perineal descent with symptoms, the study groups
have to be sufficiently large. Thus, we choose arbitrarily to exclude studies reporting on
less than 10 women.
In each study, data on study design, aim of the study, study population, control group,
sample size, and methods used for perineal descent assessment were collected. Most importantly, the data on the comparison of perineal descent measurements with patients' symptoms
were collected.

Results
The PubMed search revealed 882 studies, of which 763 studies could be excluded on the
basis of title, abstract, article type, or language (MEDLINE display). The remaining 119
eligible studies were read by paper, of which 35 studies [8, 9, 11-43], published between
1982 and 2005, fulfilled the inclusion criteria. Studies were excluded because they did not
report on a definition and method used to assess perineal descent (n studies^ 22), made
no comparison between the perineal descent measurement and patients' symptoms (n
studies^ 57), or had less than 10 women in the study group (n studies^ 5). No studies were
revealed by cross checking.
Study characteristics
All studies included were cross-sectional observational studies. The data on study characteristics (i.e., study population, sample size, and diagnostic tool used to assess perineal
descent) are shown in Table 1. Perineal descent was measured during physical examination
with use of a perineometer (n studies= 7) [9], defecography (n studies= 24), dynamic MR
imaging (n studies= 3), and perineal ultrasonography (n studies= 1).
Physical examination of the perineum was performed with the subjects in the left lateral
position with their hipsflexedin 90° Defecography was performed with subjects seated (n
studies= 12), standing lateral (n studies= 2), or left lateral position with their hips flexed
in 90° (n studies= 10). MR imaging and perineal ultrasonography were both performed
with the subjects in a supine position.
On ultrasonography, perineal descent was measured in relation to a reference line
drawn horizontally through the inferior symphyseal margin, whereas in most studies on
defecography and dynamic MR imaging the pubococcygeal line was used. Five studies on
defecography used the level of the tip of the os coccyx [20], the lower edge of the tuber os
ischii [25, 26], or the edge of the commode [37,38] as reference.
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The anatomical landmark used on perineal ultrasonography was the rectal ampulla.
On defecography and dynamic MR imaging the anorectal angle or anorectal junction was
used, with the exception of two studies on defecography. These studies used the median
impression of the muscles in the anal canal [26] or the anal verge [43] as reference.
Measurements were always obtained at rest and during straining down, whereas in
certain studies subjects were asked to maximally contract their anal sphincter (squeeze).
In some studies perineal descent was determined by subtracting the measurement at rest
from the measurement at straining.
Eight out of the 24 defecography studies used a cut-off value to diagnose abnormal
perineal descent [20, 23, 24, 32-34, 36, 40]. These values ranged from 3 to 4 centimeters
in relation to the reference line. The studies, however, differed in their definitions when
these cut-off values were used, i.e., at rest, strain, or the difference between the resting and
straining measurement. One out of the three MR imaging studies used a cut-off value,
which was more than 3 centimeters relative to the reference line [19]. One out of the seven
perineometer studies used a cut-off value as well, which was each descent below the reference line [18]. No cut-off value was used on perineal ultrasonography.
Fecal incontinence
Twenty studies assessed the symptom of fecal incontinence in relation to perineal descent.
This included the ultrasonography study, one dynamic MR imaging study, six perineometer studies and 12 defecography studies. A statistically significant difference or correlation
between perineal descent in fecal incontinent patients as compared with volunteers was
observed in nine studies [12,23,28,29,37-39,42,43], No statistically significant difference
or correlation between perineal descent in fecal incontinent patients as compared with
volunteers was observed in seven studies [8,9,17,20, 23, 33, 34].
In seven studies a comparison was made between patients with fecal incontinence with
patients with other symptoms (e.g., continent, constipation, obstructed defecation, straining at stool, prolapse, and stress urinary incontinence). In three out of these seven studies
there was no significant difference in perineal descent [15,18,21 ]. In four studies there was
a significant difference between the groups [8,28, 38,42], with less perineal descent in the
fecal incontinent group in three studies and more descent in one study.
In a study on the pre- and postoperative change of perineal descent, there was no difference after postanal repair for a deficiency of the levator ani and puborectalis [43]. In another
study, a group of women who strained at stool was assessed twice with a time interval of
several years. There was significantly more perineal descent at rest and during contraction
in the women who became fecally incontinent after this period of time [15].
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Constipation
In 18 studies constipation had been assessed in relation to perineal descent. This included
the ultrasonography study, one dynamic MR imaging study, two perineometer studies, and
14 defecography studies. In 13 out of these 18 studies there was no statistically significant
difference or correlation between perineal descent in constipated patients as compared with
volunteers [ 11,12,16,18,20,21,23,30-33,37,41 ]. There were only 3 studies [ 11,17,26] that
reported statistically significant more perineal descent in constipated patients as compared
with volunteers.
There were furthermore two studies in which different types of constipation based on
colonic transit time were assessed in relation to perineal descent. Both studies reported no
significant difference in perineal descent between the types of constipation. And, one further
study assessed constipated patients with or without difficult evacuation, with significant
more descent in the patients without difficult evacuation [40].
Obstructed defecation
Seven studies assessed the symptom of obstructed defecation in relation to perineal descent.
These consisted of one dynamic MR imaging study, two perineometer studies, and four
defecography studies. A statistically significant difference or correlation between perineal
descent in patients with obstructed defecation as compared with volunteers was observed
in three studies [ 13,27,38], whereas no statistically significant difference or correlation was
observed in two other studies [9,14].
In two studies a comparison was made between patients with obstructed defecation and
patients with other symptoms. There was a significandy greater perineal descent in obstructed
patients than fecal incontinent patients [38], and significantly more perineal descent in
obstructed patients with rectal intussusception or with an anterior rectal wall prolapse [14].
Rectal or pelvic pain
There were three studies which assessed the symptom of rectal or pelvic pain in relation
to perineal descent. The ultrasonography study, and two defecography studies [17,23,33].
One study showed a statistically significant correlation between rectal or pelvic pain and
perineal mobility, with more perineal mobility associated with less pain [23].
Pelvic organ prolapse
There were three studies which assessed prolapse symptoms (i.e., sensation of a lump,
pelvic heaviness, and vaginal fullness or tissue protruding from the vagina) in relation to
perineal descent. This included the ultrasonography study, one MR imaging study, and one
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defecography study. A statistically significant correlation between prolapse and perineal
descent was observed in all three studies [17,22, 36].
Stress urinary incontinence
There were two studies which assessed symptoms of stress urinary incontinence in relation
to perineal descent. One MR imaging study and one perineometer study were included.
No statistically significant correlation between stress urinary incontinence and perineal
descent was observed [21,22].

Discussion
In this study, we have performed a systematic literature review of clinical studies on the
association of perineal descent with symptoms of pelvic floor dysfunction. Pelvic organ
prolapse was the only symptom which showed a relation with perineal descent in all three
existing studies, on 556 participants. On the basis of available literature, an association
of perineal descent with constipation, rectal pain, or stress urinary incontinence seems
unlikely. The existing data on the association of perineal descent with fecal incontinence
and obstructed defecation were conflicting.
The landmarks and reference lines used to assess perineal descent were rather homogeneous throughout the studies. The studies included, however, showed a large variability in
their study design, e.g., female or mixed population, the type of symptom(s) assessed, the
diagnostic tool used and the posture of subjects during the examination, and the statistical methods used. For this reason it was not possible to perform a meta-analysis, and the
character of our review is more qualitatively then quantitatively.
Based on the journals where studies have been published, it seems that more surgeons
have recognized the descending perineum syndrome as a condition compared to gynecologists. Therefore, a larger number of studies on the association between perineal descent
and anorectal symptoms are available as compared with more gynecological conditions
such as pelvic organ prolapse. One of the main conclusions from this literature review
must however be, that the association with anorectal dysfunctions has not been proven,
whereas the association with pelvic organ prolapsed is much clearer. Although it is unknown
whether and how symptomatic perineal descent should be treated, it seems défendable that
urogynecologists should put more efforts in the further investigation of this syndrome. For
example, pelvic organ prolapse is clinically assessed by urogynecologists with the POP-Q
system, which disregards perineal descent [44].
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The perineometer was introduced by Henry et al. [9] and has, to our knowledge, never
been widely implemented. Eighty percent of the studies included in this review have been
published between 1982 and 1999. Since then, in the last 10 years, pelvic floor imaging has
been further introduced in clinical practice, and today, perineal descent is mainly assessed
with the use of perineal ultrasonography and/or dynamic MR imaging. From the available
data it is not possible to report on any differences between the four different diagnostic
methods used to measure perineal descent.
Correlations can be influenced by the intra- or interobserver reliability (or reproducibility)
of the perineal descent measurements and symptom assessment. When reliability is moderate
or poor, correlations can be negatively influenced. Reliability of perineal descent measurements on dynamic MR imaging and defecography at rest and during strain were described
as good to excellent, with the exception of the interobserver reliability at rest on dynamic MR
imaging [45,46]. The interobserver reliability of perineal descent measurements with use of
the perineometer during strain was described as excellent [47], however, the variability of
this test (expressed as two times the standard deviation) has been described as large [48]. In
our own unpublished series, the intra- and interobserver reliability of perineal descent measurements on ultrasonography during strain was good (intraclass correlation coefficient with
95% confidence interval = 0.70 (0.35-0.87) and 0.85 (0.43-0.97, respectively)). The assessment of patients' symptoms has not been standardized throughout all studies, e.g., with use
of questionnaires, standardized interviews, or confirmed by clinical signs, e.g., colon transit
time, rectally infused saline, or urodynamic investigation, and thus makes the comparison
of symptoms with perineal descent measurements less reliable [9, 11, 18-21, 23,26, 28, 29,
31-35,37-39,42,43].
Pelvic organ prolapse was the only symptom which showed a clear correlation with
perineal descent in the existing literature. However, the question remains, whether prolapse
symptoms originate as a result of perineal descent or that the relation might be partly due
to the fact that prolapse symptoms and perineal descent are disorders which often occur
conjointly. Further research may focus on this topic.
A non-surgical treatment suggested for perineal descent, especially in case of constipation,
is the improvement of defecation by moving back as much as possible on the toilet seat [49].
Even the use of special toilet seats or supports to improve defecation have been suggested [50].
Several surgical procedures have also been described for the treatment of perineal descent,
e.g., recto-anal levator plate myorrhaphy, post-anal repair, retro-rectal levatorplasty, sacral
colpoperineopexy, and levatorplasty [ 1,49,51,52]. No significant difference in the position of
the perineum or anorectal angle has been described after post-anal repair [53-55]. Although,
reduction of perineal descent has been described after anal levator plate myorrhaphy and
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sacral colpoperineopexy, this has never been shown in sufficiently large case series [49,56]. In
view of this review, surgical treatment of perineal descent does not seem justified in patients
with symptoms other than pelvic organ prolapse, and even in these cases further research is
much needed.
In conclusion, it is questionable whether the clinical finding of perineal descent is associated with anorectal and urinary dysfunctions. The only symptom with a clear association
with perineal descent in this systematic review of the literature were pelvic organ prolapse
symptoms.
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Table 1 Study characteristics
First author
(year)

Number of participants and characteristics

Age in years '·

Diagnostic tool

Bannister
(1986)

34 Females with severe constipation
27 Female volunteers

32 (±2)
34 (±3)

Defecography

Bartolo
(1983)

47 Females and 6 males with radiologically
proven perineal descent:
- 3 1 females and 1 male with fecal
66 (38-93)
incontinence (21 with obstructed defecation
or excessive straining at stool, or both)
- 1 6 females and 5 males with descending
58 (39-79)
perineum syndrome, but no fecal
incontinence
2 1 Female and 13 male control subjects
56 (27-80)

Defecography

Bartolo
(1983)

32 Females and 5 males:
- 1 4 females and 1 male with fecal
incontinence of rectally infused saline
- 1 8 females and 4 males were continent of
rectally infused saline:
* 8 females and 4 males with symptoms of
the descending perineum syndrome
* 10 females with severe constipation
2 1 Female and 13 male control subjects

Defecography

Bartolo
(1986)

Bartolo
(1988)

Berkelmans
(1995)

Bharucha
(2005)

W

67 (38-93)

58 (33-79)
45 (23-80)
56 (27-80)

18 Females and 9 males with obstructed
defecation and perineal descent
18 Female and 8 male control subjects

60.5 [32-79] & 46.5 [31-76]

38 Females and 1 1 males with obstructed
defecation
- 1 1 with puborectal accentuation on
evacuation proctography
- 25 with rectal intussusception on
evacuation proctography
- 1 1 with anterior rectal wall prolapse on
evacuation proctography
18 Female and 7 male control subjects

56 [25-74]

46 Females straining at stool
* 1 9 9 1 : 1 3 / 2 4 females reported anal
incontinence
46 Females with anal incontinence

60.6 (±2.0)

52 Females with constipation
4 1 Female control subjects

40 (± 2.1)
43 (± 2)

Defecography

55.5 [25-80] & 44.5 [20-72]
Defecography

55 [20-78]
Defecography

60.6 (±1.9)
MRI
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First author
(year)

Number of participants and characteristics

Age in years :

Diagnostic tool

Dietz
(2005)

505 Females (seen in tertiary urogynecological
clinics)

54.3 (17.9-87.5)

Ultrasonography

Engel
(1994)

33 Females and 6 males with changes in pelvic
floor
function during acute straining:
- 1 4 with constipation
- 25 with fecal incontinence

52 (22-83)

Perineometer

Fletcher
(2003)

6 Females with fecal incontinence
7 Females with obstructed defecation

(52-68)
(16-64)

MRI

Goei
(1990)

13 Females and 19 males:
- 1 9 with constipation
- 1 3 with fecal incontinence
13 Female and 19 male control subjects

Not reported

Defecography

Henry
(1982)

19 Females and one boy with perineal descent:
- 1 0 with fecal incontinence
- 1 0 with other rectal symptoms, usually
difficulty in defecation
55 Female and 48 male control subjects

58 (41-71)
50 (24-65) ; 12

Perineometer

48 (19-80); 49 (18-65)

Ho
(1995)

84 Females and 57 males with abnormal
perineal descent

46.3 (±1.6)

Perineometer

Hoyte
(2001)

10 Females with complaints of urine loss with
straining or coughing
10 Females with complaints of vaginal fullness
or tissue protruding from the vagina
10 Female control subjects

48 (± 7.3)

MRI

Jorge
(1993)

Females and males:
- 1 1 5 with constipation
- 58 with fecal incontinence
- 40 with rectal pain

62 (18-87)

Defecography

Karasick
(1996)

34 Females and one male with severe
constipation:
- 7 with a normal colonic transit time
- 6 with colonic inertia
- 1 0 with hmdgut dysfunction
- 1 2 with outlet obstruction

47 (18-79)

Defecography

Karlbom
(1995)

7 1 Females and 9 males:
- 1 0 with slow transit
• 45 with outlet obstruction
• 25 with mixed symptoms

49 [22-87]

Defecography

57 (±11.5)
51 (± 9.7)
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Age in years a

Diagnostic tool

34 Females and 4 males with outlet obstructive
constipation
10 Female and 2 male control subjects

47.5 (28-72)

Defecography

10 Females with severe obstructed defecation
12 Female control subjects

5 1 (29-70)

Perineometer

18 Females and 2 males, fecal continent with
perineal descent
18 Females and 2 males, fecal incontinent with
perineal descent
19 Female and 1 male control subject(s)

58.5 (28-80)

Defecography

Read
(1984)

34 Females with fecal incontinence
18 Female control subjects

(31-88)
(34-79)

Defecography

Read
(1986)

14 Females with severe constipation
27 Female control subjects

(15-53)
(20-52)

Defecography

Read
(1986)

28 Female and 27 male, elderly patients with
fecal impaction
18 Female and 18 male control subjects

82 (±1) and 79 (±1)

Defecography

Roe
(1986)

62 Females and 12 males with constipation
25 Female and 13 male control subjects

48 [21-73]
50 [20-79]

Defecography

Savoye-Collet
(2003)

52 Older females with constipation, pelvic pain
78 (75-93)
or fecal incontinence, alone or in combination

Defecography

Savoye-Collet
(2005)

50 Females with fecal incontinence

Defecography

Setti Carraro
(1994)

34 Females before and after postanal repair for 63 [30-76]
neurogenic fecal incontinence
- 1 2 females with control over solid stool, but
incontinent for liquid stool or flatus
- 22 females with incontinence for solid
stool, liquid stool and flatus

Siproudhis
(1992)

29 Females and 12 males with difficult
evacuation

First author
(year)
Liu
(2005)
Lubowski
(1992)
Miller (1989)

Number of participants and characteristics

45.0 (30-60)

59.5 (34-80)
53 (31-77)

78 (±1) and 77 (±1)

63.2 (±12.3)

41 (±-2.3)

Perineometer

Defecography
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First author
(year)

Number of participants and characteristics

Age in years '

Diagnostic tool

Skomorowska
(1987)

73 Females with videodefecography:
- 25 females with anal incontinence
- 2 females with flatus incompetence
- 2 females with rectal tenesmus
-15 females with chronic constipation
- 4 females with different complaints
25 Female control subjects

55 (26-82)

Defecography

53 (28-78)

Skomorowska
(1988)

2 1 Females with idiopathic fecal incontinence
8 Females with obstructed defecation
30 Female and 25 male control subjects

59 [25-82]
47 [29-83]
54 [41-74] & 58 [38-71]

Defecography

Snooks
(1985)

20 Females with fecal incontinence
12 Females with fecal incontinence and
complete rectal prolapse
14 Female control subjects

59 (38-73)
55 (22-80)

Permeometer

49 (38-70)

Takao
(1999)

64 Females and 27 males with constipation and 72 [17-83]
difficult evacuation during defecography
67 Female and 24 male control subjects
67 [20-86]

Defecography

Touchais
(1988)

22 Females and 3 males with constipation
9 Female and 3 male control subjects

Defecography

Womack
(1986)

39 Patients with descending perineum
syndrome:
-18 females and 1 male with fecal
incontinence
-18 females and 2 males with minor
anorectal symptoms but continent of
faeces
18 Female and 2 male control subjects

Yoshioka
(1988)

47 (25-80)
58 (26-77)

Permeometer
68 (±11)
57 (±13)

62 (±13)

17 Females and 2 males with fecal incontinence 59 [30-78]
and postanal repair
14 Female and 2 male control subjects
62 [37-73]

Defecography

Data presented as mean (± standard deviation or range) or median [range]
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Perineal descent and patients' symptoms
of anorectal dysfunction, prolapse, and
urinary incontinence

Abstract
Introduction and hypothesis: The aim of this dynamic MR imaging study was to assess
the relation between the position and mobility of the perineum and patients' symptoms of
pelvic floor dysfunction.
Methods: Patients' symptoms were measured with the use of validated questionnaires.
Univariate logistic regression analyses were used to study the relationship between the questionnaires domain scores and the perineal position on dynamic MR imaging, as well as
baseline characteristics (age, BMI, and parity).
Results: Sixty-nine women were included in the analysis. Only the domain score genital
prolapse was associated with the perineal position on dynamic MR imaging. This association
was strongest at rest.
Conclusion: Pelvic organ prolapse symptoms were associated with the degree of descent of
the perineum on dynamic MR imaging. Perineal descent was not likely to be causally related
to anorectal and/or urinary incontinence symptoms.
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Introduction
The descending perineum syndrome was first described in 1966 by Parks et al. [ 1 ]. Typically,
the syndrome is described as ballooning of the perineum several centimeters below the bony
outlet of the pelvis during strain, although descent can also occur at rest.
One of the main causes is thought to be excessive and repetitive straining. This straining forces the anterior rectal wall to protrude into the anal canal and creates a sensation of
incomplete defecation and weakness of the pelvic floor musculature. In turn this causes
more straining, and a vicious cycle is established [1,2]. Other possible causes reported are
weakness of the muscles of the pelvic floor caused by either the neuropathic degeneration
of muscle that accompanies old age [3-5], or trauma to the pelvic floor muscles or their
nerve supply during pregnancy and childbirth [4,6,7].
Abnormal perineal descent has been described in association with a variety of anorectal
disorders such as constipation, fecal incontinence, obstructed defecation, and rectal or pelvic
pain. A systematic review of clinical studies, however, did not show an association of perineal
descent with constipation and rectal or pelvic pain, and the existing data on the association
of perineal descent with fecal incontinence and obstructed defecation were conflicting [8].
Only few papers have reported on the relation of perineal descent with symptoms of pelvic
organ prolapse and stress urinary incontinence [9-12]. In these studies, prolapse symptoms
seemed to be associated with the degree of perineal descent, whereas an association with
stress urinary incontinence symptoms was unlikely [8].
In the urogynecological literature, perineal descent has not been extensively studied.
The clinical implication of the condition and the relation to patients' symptoms is still
unknown. As a consequence, there is no consensus concerning the diagnosis and treatment
of perineal descent. The aim of this dynamic MR imaging study was to assess the relation
between the position and mobility of the perineum with patients' symptoms of pelvic floor
dysfunction using standardized questionnaires.

Materials and methods
This observational study was performed at the Radboud University Nijmegen Medical
Centre, the Netherlands. The center is a national tertiary referral center for women with
pelvic organ dysfunctions. The study period was from September 2005 through January
2008. Inclusion criteria were consecutive women with pelvic organ dysfunction who had
dynamic MR imaging in the inclusion period and had returned the questionnaires. MR
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imaging was performed as part of routine clinical practice in patients with recurrent prolapse, especially in the posterior compartment, and in case the patient's complaints did not
correspond with clinical findings.
The study was submitted to and deemed exempt by the local institutional review board.
Symptom assessment
Patients' symptoms were measured with use of the disease specific quality of life questionnaires Urogenital Distress Inventory (UDI) and Defecatory Distress Inventory (DDI). The
questionnaires have previously been validated for the Dutch language [13, 14]. The UDI
consist of 11 items and five domains on bothersome urogenital symptoms (i.e., overactive
bladder, urinary incontinence, obstructive micturition, pain, and genital prolapse). Four
of these questions in two domains (i.e., urinary incontinence and genital prolapse) were
used in the study [8]. The DDI measures bothersome defecatory symptoms, and consists
of 11 items in five domains (i.e., constipation, obstructive defecation, pain, incontinence,
and flatulence). The domain scores range from 0 till 100, where 0 indicates no symptoms
and 100 indicates the maximum of symptoms.
Dynamic MR imaging protocol [15-17]
The dynamic MR imaging was performed with the patient in the supine position with
parallel and slightly flexed legs. Patients were requested not to void for 1-2 h prior to the
examination. The rectum was opacified using 100-150 ml ultrasound gel. The urethra, bladder, and vagina were not opacified. No premedication was given. MR images were acquired
using a 3T MR scanner (TIM TRIO, Siemens Medical, Germany) and an eight-channel body
phased-array coil. MR images were obtained in the midsagittal plane using a Half-Fourier
acquisition single-shot turbo spin-echo sequence (2000 ms/ 90 ms repetition time/ echo
time; 1500 flip angle), with a temporal resolution of 1 second during 2 minutes. During
the MR examination the patient was asked to relax the pelvic floor muscles, to contract the
muscles slowly, relax again, and then to increase the intra-abdominal pressure and strain
in order to defecate. To assure that the patient followed the instruction given, all images
were viewed online on the MR console. A whirl of urine in the bladder and/or a dent into
the cranial portion of the bladder indicated adequate straining.
The images were analyzed at a later stage on a console with zoom facilities and electronic
calipers. The observer was blinded to the patients' symptoms and the clinical findings. The
images on maximal strain were used to assess the prolapse.
The perineal position was determined as the perpendicular distance between the pubococcygeal line and the caudal margin of the sphincter ani muscle in centimeters, at rest and
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Figure 1 MR image obtained at
rest. Dynamic midsagittal HalfFourier acquisition single-shot turbo
spin-echo (2000/90; 150°) through
the pelvis of a 62-year-old woman
with symptoms of pelvic organ
prolapse. The image shows the
measurement of the perineal position in relation to the reference line
used. PCL pubococcygeal line

during maximal strain (Fig.l) [11, 18|. The pubococcygeal line was defined as a straight
line between the inferior rim of the pubic bone and the last visible coccygeal joint. Perineal
mobility was assessed by calculating the difference between the position of the perineum
during maximal strain and at rest. The intra- and interobserver reliability of these measurements have shown to be good to excellent, with the exception of the interobserver reliability
at rest, which was moderate [15].
Statistical methods
In this study the ability of MR imaging measurements to discriminate women with clear
symptoms from those with no or minor symptoms was assessed. For this purpose the questionnaire domain scores were dichotomized as follows: 'no and minor symptoms' (domain
score < 33.33) and 'clear symptoms' (domain score > 33.33), respectively.
Univariate logistic regression was used to study the relationship between the questionnaire domain scores and each of the measurements of the perineal position, (using
MR imaging) and the baseline characteristics (i.e., age, BMI, and parity), separately. The
dependent variable was the probability that an individual is classified into the highest coded
category of a specific domain score (i.e., 'clear symptoms'). The independent variable was
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one of the MR imaging measurements or one of the baseline characteristics, respectively.
The crude odds ratios with 95% confidence intervals are presented.
Spearman's rank correlation test was used to test the correlation between measurements
of the perineal position and age, BMI, and parity for statistical significance. Statistical analyses
were performed using SPSS version 16.0 (SPSS, Inc.Chicago, IL, USA). Ρ values < 0.05 were
considered statistically significant.

Results
One hundred and twenty women underwent dynamic MR imaging of the pelvic floor during
the study period. Sixty-nine of these women had completed the questionnaires and were
included in the study. Women's baseline characteristics, clinical measurements, and dynamic
MR imaging measurements are shown in Table 1. All women had at least one vaginal deliv
ery. Ninety percent of the women had a history of one or more gynecological operations,
i.e., hysterectomy, pelvic organ prolapse (POP) surgery, or urinary incontinence surgery.
There were some negative values of the calculated value of perineal mobility, which were
within the range of reproducibility, except for two values which were the result of levator
coactivation during straining, and thus perineal elevation.
Table 2 shows the crude odds ratio with 95% confidence interval, for the probability
of symptoms (questionnaire domain scores), of the baseline characteristics (age, BMI, and
parity). Only age was statistically significant related to complaints of fecal incontinence
(OR= 1.07,95%CI= 1.01-1.13).
Table 3 shows the Spearman's correlation coefficient between the baseline characteristics (age,
BMI, and parity) and the perineal position and mobility. Aging was statistically significant, but
only poorly correlated with the position of the perineum during strain (rs= -0.29, p= 0.01 ).
The correlation between the perineal position at rest and the perineal position during
strain was statistically significant (r s = 0.53, p= 0.00). The correlations among the baseline
characteristics (age, BMI, and parity) were not statistically significant.
Table 4 presents the crude odds ratio with 95% confidence interval, for the probability
of symptoms (questionnaire domain scores), of the perineal position and mobility. Women
with a lowered position of the perineum at rest have an increased risk of prolapse symp
toms (OR= 2.15, 95% CI= 1.18-3.91). None of the other UDI or DDI domain scores was
associated with the MR imaging measurements.
Using multivariate logistic regression, none of the baseline characteristics (age, BMI,
and parity) showed to be a confounder in the relations afore mentioned.
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Table 1 Characteristics of the women included in this study
median (range) / η (%)
Baseline characteristics
Age (years)
BMI (kg/m2)
Parity
Number of previous gynecological operations
None
1 or 2 operations
> 3 operations
Types of gynecological surgery a
POP surgery
Urinary incontinence surgery
Hysterectomy
Clinical measurements
POP-Q (cm) b
Ba
C
Bp
UDI
Urinary incontinence
Genital prolapse
DDI
Constipation
Obstructed defecation
Pain
Fecal incontinence
Flatulence
MR imaging
Perineal
Perineal
Perineal

measurements (cm) c
position at rest
position during strain
mobility d

69
47
65
69

54 (31 - 75)
26 (20 - 36)
2 ( 1 - 6)
7 (10%)
22 (32%)
40 (58%)

69
34 (49%)
16 (23%)
39 (57%)

66
- 2 (-3 - +4)
- 6 (-9 - +3)
0 (-3 - +4)

63
65

17 (0 - 100)
33 (0 - 100)

65
65
65
66
66

17 (0 17(00 (0 17 (0 33 (0 -

100)
83)
100)
100)
100)

69
5.3(2.8- 8.5)
7.1(3.5-10.7)
1.7 (-1.1- 4.8)

η number of patients, BMI body mass index, POP(-Q) Pelvic Organ Prolapse(-Quantification),
Ba most descended edge on the anterior vaginal wall during strain, 0 most descended edge
of the cervix or vaginal vault during strain, Bp most descended edge on the posterior vagina
wall during strain, cm centimeters, UDI Urogenital Distress Inventory, DDI Defecatory Distress
Inventory,
a
patients may have had multiple previous gynecological surgeries, b relative to the hymen,
c
relative to the pubococcygeal line, d measurement of the perineal position during strain
minus the measurement of the perineal position at rest
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Table 2 The crude odds ratio with 95% confidence interval, for the probability of symptoms, of the baseline
characteristics, with use of univariate logistic regression analyses
Symptoms
η
Urinary incontinence
Genital prolapse

Age (years)
OR (95% CI)

BMI (kg/m2)
η OR (95% CI)

Parity (number)
η
OR (95% CI)

63
65

1.01 (0.96-1.06)
1.02 (0.97-1.07)

44
45

1.09 (0.90-1.31)
0.95 (0.80-1.13)

60
62

1.20 (0.67-2.17)
1.31 (0.71-2.42)

65
65
65
66
66

1.01
1.00
0.98
1.07
1.02

46
45
45
45
45

1.04
0.99
0.98
0.92
1.15

62
62
62
63
63

1.68
1.35
1.55
1.17
1.19

ΪΠΙ

Constipation
Obstructed defecation
Pain
Fecal incontinence
Flatulence

(0.95-1.06)
(0.95-1.05)
(0.93-1.04)
(1.01-1.13)
(0.97-1.08)

(0.87-1.25)
(0.83-1.19)
(0.81-1.19)
(0.75-1.13)
(0.93-1.42)

(0.88-3.20)
(0.74-2.44)
(0.83-2.89)
(0.65-2.12)
(0.58-2.44)

BMI body mass index, π number of patients, OR odds ratio, CI confidence interval, UDI Urogenital Distress
Inventory, DDI Defecatory Distress Inventory

Table 3 Spearman's correlation between baseline characteristics and the perineal position and mobility, as
measured on dynamic MR imaging
Symptoms

Perineal position
at rest (cm)
η

Age (years)
BMI (kg/m2)
Parity (number)

69
47
65

r

Perineal position
during strain (cm)

r

s

-0.20
0.13
0.09

Pernneal mobility
(cm)

- 0.29*
0.10
0.06

a

s

-0.09
0.02
-0.05

BMI body mass index, η number of patients, rs Spearman's rank correlation coefficient, cm centimeters
relative to the pubococcygeal line.
a
measurement of the perineal position during strain minus the measurement of the perineal position at rest
* Correlation is significant at the 0.05 level (2-tailed)

Discussion
This observational dynamic MR imaging study reports on the relation between the posi
tion and mobility of the perineum and patients' symptoms of pelvic floor dysfunction (i.e.,
anorectal dysfunction, prolapse, and urinary incontinence) using standardized question
naires. Only pelvic organ prolapse symptoms were associated with the degree of descent
of the perineum. Perineal descent and symptoms of anorectal and/or urinary incontinence
were unlikely to have a causal relationship.
The present results are in agreement with earlier studies on symptoms of constipa
tion, rectal or pelvic pain, and urinary incontinence since the vast majority of studies
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Table 4 The crude odds ratio with 95% confidence interval, for the probability of symptoms, of the perineal
position and mobility, as measured on dynamic MR imaging, with use of univariate logistic regression analyses
Symptoms
η

UDI
Urinary incontinence
Genital prolapse
DD!
Constipation
Obstructed defecation
Pain
Fecal incontinence
Flatulence

Perineal position
at rest (cm)
OR (95% CI)

Perineal position
during strain (cm)
OR (95% CI)

Perineal mobility 3
(cm)
OR (95% CI)

63
65

1.16 (0.71-1.88)
2.15 (1.18-3.91)

0.81 (0.55-1.19)
1.37 (0.93-2.06)

0.66 (0.41-1.05)
0.88 (0.57-1.36)

65
65
65
66
66

1.22 (0.70-2.11)
1.51 (0.87-2.61)
0.95 (0.57-1.57)
0.72 (0.43-1.20)
1.02 (0.59-1.77)

1.23 (0.78-1.92)
1.07 (0.71-1.62)
0.92 (0.62-1.37)
0.76 (0.51-1.14)
0.82 (0.53-1.28)

0.80 (0.51-1.27)
1.09 (0.68-1.75)
0.93 (0.59-1.47)
0.92 (0.59-1.43)
0.76 (0.47-1.25)

cm centimeters relative to the pubococcygeal line, η number of patients, OR odds ratio, CI confidence
interval, UDI Urogenital Distress Inventory, DD/ Defecatory Distress Inventory
a
measurement of the perineal position during strain minus the measurement of the perineal position at rest.

produced evidence for the absence of a statistically significant correlation with perineal
descent [8]. Previous studies on the relation between perineal descent and fecal inconti
nence and obstructed defecation were conflicting. In our study we did not find a relation
with regards to these symptoms.
The three available studies, in which prolapse symptoms in relation to perineal descent
had been assessed, have also reported a statistically significant correlation [9,11,12]. In one
out of these three studies perineal descent had also been assessed with dynamic MR imaging
[II]. In accordance with the present study, the pubococcygeal line and the sphincter ani
muscle had been used as reference line and measurement point. In contrast, however, Hoyte
et al. have reported no significant difference between the measurement of the perineum
at rest in patients with and without symptoms of prolapse, but have found a statistically
significant difference during straining. We did not find a good explanation for the fact that
in the present study a relation at rest was found, but not at strain, even though the rest and
strain measurements were correlated.
To our knowledge, no previous studies have assessed the patients' BMI in relation to
perineal descent. Although a high BMI seems a theoretical risk factor for perineal descent, no
association could be established. The same held true for age and parity, although others have
previously described a relation with perineal descent for these parameters [3,4, 7,19,20].
We have assessed the agreement between the perineal position during straining and
POP-Q points Ba, C, and Bp [21]. No statistically significant correlation has been found
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(data not shown). The study was performed in a tertiary referral center. One of the reasons
for referral to our center is when there is a discrepancy between symptoms and clinical findings. This implies that patients where POP-Q findings could not explain symptoms were
overrepresented. Therefore, this population is very appropriate to assess a relation between
symptoms of pelvic floor dysfunction and less obvious measurements such as perineal
descent. Even in this population where rare conditions are expected to be overrepresented,
perineal descent only showed a limited correlation with symptoms. In our opinion this
shows that the clinical value of this measurement is probably limited.
We have assessed perineal descent in one direction and in one plane only. It is, however,
unknown whether the direction of the movement of the perineum during strain varies
and whether perineal bulging was adequately assessed by our measurements. We have not
assessed for parallel displacement in relation to the pubococcygeal line, but only the perpendicular one. This might be relevant and thus a limitation of our study. The presence of
a levator ani hernia, unilateral or bilateral, has been described in association with perineal
descent [22]. Although the significance of levator ani hernia is unknown, the presence of
these hernias have not been assessed in this study. Dynamic MR imaging assessment in the
coronal or axial plane may be a valuable adjunct in the evaluation of patients who present
with the physical findings of perineal descent. No significant differences in symptoms of
anorectal dysfunction, urinary incontinence, and pelvic pain in patients with or without a
levator ani hernia, however, have been described thus far [22].
It is furthermore imaginable that the patients' symptoms associated with perineal descent
are still undefined, and that the right questions were just not asked. Considerable perineal
descent might for example be accompanied by a heavy feeling in the lower abdomen and
the pelvic floor. These questions were not represented in the questionnaires and further
research is needed in this respect.
In conclusion, only pelvic organ prolapse symptoms were associated with the degree
of descent of the perineum, but not the anorectal symptoms and symptoms of urinary
incontinence. The clinical impact of perineal descent in urogynecology is still unclear at this
time point. In view of our results it seems, however, justified to promote further research
with regards to the descending perineum syndrome.
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Discussion
This thesis describes various aspects of dynamic MR imaging in the assessment of female
pelvic floor disorders.
In the available literature on the comparison of standardized clinical prolapse stag
ing and dynamic MR imaging (using a reference line), we found a large heterogeneity of
dynamic MR imaging protocols used to assess pelvic organ prolapse in terms of acquisition
and interpretation (Chapter 2). This lack of standardization hinders the comparison of
studies and the interpretation of dynamic MR imaging assessments of the pelvic floor. A
solid foundation between radiologists and urogynecologists is needed to standardize MR
imaging assessment of female pelvic floor dysfunction.
Reference line
Various reference lines can be used to assess the presence or absence of pelvic organ prolapse.
Reference lines with the same name had variable definitions, and reference lines with differ
ent names had the same definition. To avoid confusion, it would be best to standardize and
use only one reference line. In the literature, three reference lines were most widely used,
namely the pubococcygeal line, the Η-line, and the mid-pubic line [1-4]. In this thesis, we
have determined the most preferable reference line on dynamic MR imaging to assess pelvic
organ prolapse. For this purpose, these three lines have been assessed in this thesis, and
the pubococcygeal line appeared to be the most reliable and most valid to use. The intraand interobserver reliability were highest (Chapter 3), as was the agreement with clinical
examination and perineal ultrasonography (Chapter 4). None of the other reference lines
showed superiority regarding agreement with patients' symptoms of pelvic floor dysfunc
tion as assessed with validated questionnaires (Chapter 5). For reason of standardization
we advocate the use of the pubococcygeal line.
Measurement points
Two groups of measurement points have been used to assess the pelvic floor on dynamic
MR imaging, i.e., anatomical landmarks and clinical measurement points.
The anatomical landmarks in the anterior and central compartment were quite similar
throughout the literature (i.e., the bladder base, the bladder neck, and the cervix or vaginal
vault). In contrast, the landmarks used to assess the posterior compartment were rather
diverse (Chapter 2). The intra- and interobserver reliability of the anatomical measurement
points of the anterior, central, and posterior compartment in relation to the pubococcygeal
line were good to excellent.
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The so called clinical measurement points have been introduced by Fauconnier et al.
to approximate point Ba, C, and Bp of the Pelvic Organ Prolapse Quantification (POP-Q)
system, which refers to the most descended edge of the anterior vaginal wall, the cervix or
vaginal vault, and the posterior vaginal wall, respectively [5]. These points are measured in
relation to the mid-pubic line, which has been introduced by Singh et al. [4]. The mid-pubic
line is thought to be a reflection of the hymenal remnants, which is the reference structure
in the POP-Q system. The reliability of clinical measurement points were only moderate
to poor, with the exception of the central compartment, where the measurement point is
identical to the anatomical landmark as described in the paragraph above (Chapter 3).
The criteria for the diagnosis of a rectocele and an enterocele on dynamic MR imaging
were diverse throughout the literature (Chapter 2). The main methods used for rectocele
assessment were the measurement of descent of an anterior rectal outpouching in relation
to the pubococcygeal line [2,6], and the measurement of the size of the anterior rectal out
pouching. This outpouching is measured in relation to either of the following two lines, an
extended line through the anterior border of the anal canal [7,8] or the expected margin of
the normal anterior rectal wall [9,10], respectively. The methods both had good to excellent
reliability (Chapter 3). The same holds true for the diagnosis of an enterocele. Four differ
ent methods have been described to report on the presence or staging of an enterocele on
dynamic MR imaging (Chapter 3). The qualitative assessments were excellent to good, but
the interobserver reliability of the quantitative assessment in relation to the pubococcygeal
line and the Η-line were only moderate.
These findings support the use of the anatomical landmarks and to strive for uniformity
in the methods used to assess the presence/staging of a rectocele or an enterocele.
POP-Q
The POP-Q system has been adopted by members of the International Continence Society
(ICS) and the American Urogynecologic Society (AUGS) as the standard tool for measure
ment of pelvic organ prolapse. The Working Party on Pelvic Floor Urogynecology (Werkgroep
Bekkenbodem) of the Dutch Society of Obstetrics and Gynecology (NVOG) has also recom
mended the use of POP-Q. In 2004, however, POP-Q was routinely used by only 40% of
ICS and AUGS members in their clinical practice, and by 60% for research purposes [11].
Adequate staging of pelvic organ prolapse is of principal importance in both clinical practice
and research, and at this time point POP-Q seems the most appropriate staging tool.
The agreement between POP-Q staging and staging on dynamic MR imaging of the anterior
compartment was good. This means that the methods were interchangeable. Therefore, dynamic
MR imaging is not likely to have an additional value in pelvic organ prolapse staging in the
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anterior compartment, and POP-Q may be regarded as the golden standard. Agreement in the
central and posterior compartment was poor. It seems conceivable that imaging outperformed
clinical examination and unveiled findings that were missed with clinical examination alone,
although this cannot be proven at this time point (Chapters 2 and 4). Consequently, the question is, whether clinical examination or imaging techniques represent the real severity of pelvic
organ prolapse in the central and posterior compartment, or has the better agreement with
patients' symptoms. According to our clinical experience in the operating theater, the imaging
technique seemed to exaggerate the extensiveness of pelvic organ prolapse and embeared the
risk of overtreatment, which has been described by others as well [4,5,12] (Chapter 4).
Perineal ultrasonography
Ultrasonography is a cheap and widely available diagnostic tool in gynecological practice. Perineal
ultrasonography has not yet been accepted as standard method of investigation by urogynecologists. In this thesis perineal ultrasonography has been compared with dynamic MR imaging.
The cervix was only infrequendy seen on perineal ultrasonography, including the women with
uterine descent, which was in contrast with MR imaging (Chapter 4). The agreement between
dynamic MR imaging and perineal ultrasonography was comparable to the correlations of
each modality with POP-Q and was best in the anterior compartment. Agreement between the
measurements in the posterior compartment on ultrasonography and MR imaging was poor.
Consequently, in the anterior compartment it seems best to use perineal ultrasonography because
of lower costs. At this stage, the available evidence does not provide proof for superiority of one
of these imaging techniques in the central and posterior compartment.
Patients' symptoms
Overall, dynamic MR imaging and clinical stages of pelvic organ prolapse (POP-Q) showed
poor correlation with symptoms of pelvic floor dysfunction. There were no relevant differences between the two methods. Dynamic MR imaging of the pelvic floor is, therefore,
not likely to have an additional value in the prediction of symptoms, and POP-Q can be
regarded as the golden standard (Chapter 5). Correlation between patients' symptoms and
clinical staging of pelvic organ prolapse was already known to be poor [13-19]. As confirmed
by previous studies, only "to see or to feel a bulge in the vagina" correlated with severity
of prolapse [13, 17, 20-24]. The main question remains why the degree of pelvic organ
prolapse correlates so poorly with various patients' symptoms of pelvic floor dysfunction.
It might be partly due to the fact that both pelvic organ prolapse and pelvic floor dysfunctions are very common disorders. Our results suggest that bladder and bowel dysfunctions
may coexist without a causal relation with the degree of prolapse.
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Discussion

Perineal descent
Urogynecoiogists often encounter patients in whom the symptoms of pelvic floor dysfunction cannot (fully) be explained by the clinicalfindings.With regards to pelvic organ prolapse
in the three compartments, dynamic MR imaging seems to have only limited additional
value. Another feature we have studied in this thesis is perineal descent. Perineal descent is
generally not investigated by clinicians and is not assessed in, e.g., the POP-Q. The question is, however, whether there is a relation with the patient's symptoms. According to our
review of the literature, an association of perineal descent with constipation, rectal pain, or
stress urinary incontinence seemed unlikely. The data on the association of perineal descent
with fecal incontinence and obstructed defecation was furthermore conflicting. The only
symptoms which showed a relation with perineal descent in several previous studies were
pelvic organ prolapse symptoms (Chapter 6). The results from our own study (Chapter 7)
strengthen these findings. Symptoms of constipation, pain, fecal incontinence, obstructed
defecation, and urinary incontinence were not associated with perineal descent, whereas
pelvic organ prolapse symptoms were associated. Although it is not known what would be
the treatment options for symptomatic perineal descent, it seems justified that urogynecoiogists further explore the condition.

Other relevant topics in relation to this thesis
Supine and/or seated
Dynamic MR imaging is mostly performed in the supine position, since open-magnet
unit MR imaging which are needed for prolapse assessment in the sitting position are not
very widespread. The conclusion of a study on closed-magnet unit dynamic MR imaging
versus open-magnet unit dynamic MR imaging was that overall, MR imaging performed
in the sitting position depicted a greater degree of pelvic organ prolapse [25]. There were,
however, no differences with regards to the detection of clinically relevant findings, and
thus the position of the patient seems less relevant in dynamic MR imaging.
Straining
A shared problem, in the literature and this thesis, is the lack of a method to objectively
assess the effort of strain. In an attempt to overcome this problem, all our images were
viewed online on the MR console to assure that the patient followed the instruction given,
and only images where a whirl of urine in the bladder and/or a dent into the cranial portion of the bladder was seen, were used in the analysis. Other methods which have been
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used by others for standardization were the respiratory peak flow meter [26], the reversal
of flow in the femoral veins as seen on the axial MR images [2], and repetitive cycles of
straining until the degree of protrusion remained constant [5]. Whether one method is
preferable is unknown.
Enterocele and/or rectocele
The intraoperative findings are probably most reliable in the assessment of enteroceles,
because enteroceles can be easily missed on standard gynecological examination. It has been
reported that only half of the enteroceles (51%) were identified with physical examination [27]. Unfortunately, there are no studies available on the comparison of standardized
enterocele staging on dynamic MR imaging with intraoperative findings.
In clinical practice, the differentiation between an enterocele and rectocele can be difficult, and this probably represents the most important additive role of pelvic floor imaging. In this thesis, we have assessed the agreement among POP-Q, dynamic MR imaging,
and perineal ultrasonography. Our results showed a lack of correlation in all comparisons
(Chapter 4). In our search for an explanation, we have analyzed whether the clinical assessment in the posterior compartment correlated poorly with the imaging modalities, due to a
different perspective on the rectocele. We thus expected a better correlation between POP-Q
Bp and rectoceles with a more caudal direction, i.e., through the introïtus of the vagina.
This hypothesis could, however, not be confirmed. In the comparison between women
with a ventral displacement of the rectocele versus women with a caudal displacement of
the rectocele in the vagina, there was poor agreement between POP-Q point Bp in both
groups (data not shown). At this stage, the available evidence does not provide proof for
the superiority of any imaging techniques in the central and posterior compartment.
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Conclusions
• There is lack of standardization in the available literature on dynamic MR imaging
resulting in a wide range of reference lines and measurement points (Chapter 2).
• Overall, the intra- and interobserver reliability of dynamic MR imaging measurements
was good to excellent (Chapters).
• For reasons of standardization, the pubococcygeal line should be the reference line of
choice (Chapters 2, 3, 4, and 5).
• Pelvic organ prolapse staging with the use of POP-Q, dynamic MR imaging, and perineal
ultrasonography showed good agreement only in the anterior compartment (Chapter
4).
• The sensation or visualization of a bulge in the vagina was the only symptom that
correlated with the degree of pelvic organ prolapse. POP-Q and dynamic MR imaging
showed similar correlation in this respect (Chapter 5).
• Symptoms of pelvic floor dysfunction are unlikely to be associated with perineal descent,
with the exception of pelvic organ prolapse symptoms (Chapter 6 and 7).
• The additional value of dynamic MR imaging of the pelvic floor is still unclear, but is
unlikely to be useful in the standard care for female pelvic floor disorders.

Topics for future research
• Protocol development for the acquisition, interpretation and implementation of dynamic
MR imaging in urogynecology.
• Further assessment of the clinical relevance and the cost-effectiveness of pelvic floor
imaging techniques, especially in the central and posterior compartment. Studies on
the effects of pelvic floor imaging and surgical outcomes are needed.
• Further assessment of measurement tools, clinical relevance, and therapeutical options
in perineal descent.
• Further investigation of the clinical relevance of levator ani muscles defects, as assessed
on MR imaging and perineal ultrasonography.
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Summary
Chapter 2
The available literature of clinical studies which have compared pelvic organ prolapse stages
as assessed on dynamic MR imaging (using a reference line) with a standardized method
of clinical prolapse staging was systematically reviewed. In spite of the abundant number
of studies on dynamic MR imaging of the pelvic floor, only few studies have reported in
a standardized manner on pelvic organ prolapse as assessed by dynamic MR imaging and
clinical staging. Ten studies were included, which made use of seven different reference lines
in relation to a wide variety of anatomical landmarks. Although dynamic MR imaging is
a promising complementary diagnostic tool, proper validation of the method is lacking.
The studies available have only small sample sizes and are difficult to compare due to dif
ferences in protocols on the examination and evaluation of dynamic MR imaging. None
of the reference lines used showed clear superiority. The pubococcygeal line, however, has
the advantage of being the most widely used reference line. The high agreement in the
anterior and central compartment shows that clinical assessment and dynamic MR imag
ing are interchangeable. The agreement between methods in the posterior compartment
is lower. It seems reasonable to assume that dynamic MR imaging may have advantages in
the assessment of posterior compartment prolapse, since it is difficult to identify enterocele
and rectal intussusceptions on clinical examination.

Chapter 3
Dynamic MR images of 30 patients with pelvic organ prolapse were assessed independently
by two observers to determine the intra- and interobserver reliability of dynamic MR staging
of the pelvic floor. Various anatomical landmarks to asses pelvic organ prolapse were used
in relation to the pubococcygeal line, Η-line, and mid-pubic line. Clinical measurement
points were assessed in relation to the mid-pubic line.
The intra- and interobserver reliability of quantitative prolapse staging on dynamic
MR imaging were generally excellent to good. With regards to reliability and standardiza
tion, use of the pubococcygeal line seems most appropriate for the assessment of pelvic
organ prolapse on dynamic MR imaging. The reliability of clinical measurement points,
however, were only moderate. The reliability of measurements of the depth of a rectocele,
perineal descent and genital hiatus was overall excellent to good, as was the assessment of
the presence of an enterocele.
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Chapter 4
The agreement in prolapse staging between POP-Q, dynamic MR imaging, and perineal
ultrasonography was evaluated. Anatomical landmarks in the anterior, central, and posterior
compartment were assessed in relation to three reference lines on dynamic MR imaging
(i.e., the pubococcygeal line, the Η-line, and the mid-pubic line) and one reference line on
dynamic ultrasonography. These measurements were compared to the according POP-Q
points Ba, C, Bp, and TVL. The agreement between POP-Q, dynamic MR imaging, and
perineal ultrasonography showed to be moderate to poor, except for the anterior compart
ment. The results were independent of the reference line used on dynamic MR imaging. The
agreement between the measurements on perineal ultrasonography and dynamic MR images
showed good agreement in the anterior compartment only as well. The central compartment
was less visible on perineal ultrasonography as compared with dynamic MR imaging.
Chapter 5
Evaluates whether patients' symptoms agree with staging of the pelvic floor on POP-Q
and dynamic MR imaging. Symptoms of pelvic organ dysfunction were measured with
the use of the disease specific quality of life questionnaires Urogenital Distress Inventory
(UDI), Defecatory Distress Inventory (DDI), and the Incontinence Impact Questionnaire
(IIQ). The domain scores were compared with the most descended POP-Q point and the
most descended measurement on dynamic MR imaging (irrespective of the compartment).
Overall, dynamic MR imaging and clinical stages of pelvic organ prolapse showed poor
correlation with symptoms of pelvic floor dysfunction. There were no relevant differences
between the two methods.
Chapter 6
The available literature of clinical studies which have compared perineal descent with
symptoms of pelvic floor dysfunction was systematically reviewed. Thirty-five studies were
included, in which measurements of perineal descent were compared with symptoms of
fecal incontinence, constipation, obstructed defecation, rectal or pelvic pain, pelvic organ
prolapse, and stress urinary incontinence. The only symptom which showed a relation
with perineal descent was pelvic organ prolapse. On the basis of available literature, an
association of perineal descent with constipation, rectal or pelvic pain, or stress urinary
incontinence seems unlikely. The existing data on the association of perineal descent with
fecal incontinence and obstructed defecation were conflicting.
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Chapter 7
The relation of the position and mobility of the perineum measured on dynamic MR imaging with patients' symptoms of anorectal dysfunction, pelvic organ prolapse, and urinary
incontinence was evaluated. Patients' symptoms were measured with the use of validated
questionnaires, i.e., the Urogenital Distress Inventory (UDI) and the Defecatory Distress
Inventory (DDI). The domain scores urinary incontinence and genital prolapse of the
UDI and all DDI domain scores were compared with measurements of the perineal position at rest and during strain on dynamic MR imaging, and the difference of these two
measurements (perineal mobility). Sixty-nine women were included in the study. Only
the symptom of pelvic organ prolapse was associated with the degree of descent of the
perineum. Perineal descent is not likely to be causally related with anorectal and/or urinary
incontinence symptoms.
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Hoofdstuk 2
In dit hoofdstuk wordt een systematische review gepresenteerd over de beschikbare literatuur
ten aanzien van klinische studies die stadia van vaginale verzakking zoals beoordeeld op
dynamische MRI (met gebruik van een referentielijn) hebben vergeleken met een gestandaardiseerde klinische stadiëring van verzakking. Ondanks het overvloedige aantal studies
over de dynamische MRI van de bekkenbodem, zijn er maar weinig studies die op een
gestandaardiseerde manier rapporteren over de mate van verzakking op dynamisch MRI in
vergelijking met klinische stadiëring. Tien studies werden geïncludeerd, waarin het gebruik
van zeven verschillende referentielijnen in relatie tot een grote verscheidenheid aan anatomische
meetpunten werd beschreven. Geen van de gebruikte referentielijnen bleek duidelijk superieur. De pubococcygeale lijn heeft echter het voordeel dat zij het meest gebruikt wordt. De
grote overeenkomst in het voorste en middelste compartiment toont aan dat de resultaten
van klinische beoordeling en dynamische MRI uitwisselbaar zijn. De overeenkomst tussen
deze methodes in het achterste compartiment is minder goed. Het lijkt redelijk om aan te
nemen dat dynamische MRI met name voordelen biedt in de beoordeling van het achterste
compartiment, omdat het moeilijk is een rectocele van een enterocele te onderscheiden tijdens
klinisch onderzoek. Rectale intussusceptie is eveneens moeilijk te identificeren tijdens klinisch
onderzoek en ook hier biedt MRI mogelijk voordelen.
Hoofdstuk 3
Dynamisch MRI's van 30 patiënten met een vaginale verzakking zijn onafhankelijk beoordeeld door twee waarnemers om de reproduceerbaarheid van de metingen binnen één
waarnemer en tussen de waarnemers vast te stellen. Verscheidene anatomische meetpunten
werden beoordelen in relatie tot de pubococcygeale lijn, de H-lijn, en de mid-pubische
lijn. De klinische meetpunten werden beoordeeld in relatie tot de mid-pubische lijn. De
reproduceerbaarheid van de kwantitatieve stadiëring van de verzakking op dynamische
MRI was over het algemeen uitstekend tot goed. Met betrekking tot de reproduceerbaarheid en standaardisatie lijkt het gebruik van de pubococcygeale lijn het meest geschikt voor
de bepaling van vaginale verzakking op dynamische MRI. De reproduceerbaarheid van
metingen van de diepte van een rectocele, van verzakking van het perineum en de genitale
hiatus was over het geheel genomen uitstekend tot goed, als ook de beoordeling van de
aanwezigheid van een enterocele.
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Hoofdstuk 4
De overeenkomst in stadiëring van een verzakking tussen POP-Q, dynamische MRI en perineale
echografie werd geëvalueerd. Anatomische meetpunten in het voorste, middelste en achterste
compartiment werden beoordeeld in relatie tot drie referentielijnen op dynamische MRI (de
pubococcygeale lijn, de H-lijn en de mid-pubische lijn) en één referentielijn bij dynamisch
perineale echografie. Deze metingen werden vergeleken met de overeenkomstige POP-Q
punten Ba, C, Bp en TVL. De overeenkomst tussen POP-Q, dynamische MRI en perineale
echografie was matig tot slecht, behalve in het voorste compartiment. De resultaten waren
onafhankelijk van de gebruikte referentielijn op dynamische MRI. De overeenkomst tussen
de metingen op perineale echografie en dynamische MRI toonden ook alleen een goede overeenkomst in het voorste compartiment. Het middelste compartiment was tijdens perineale
echografie minder goed zichtbaar dan bij dynamische MRI.
Hoofdstuk 5
In dit hoofdstuk wordt geëvalueerd of de symptomen van de patiënt overeenkomen met
de mate van vaginale verzakking, klinisch gemeten met POP-Q en dynamische MRI. De
symptomen van bekkenbodemdysfunctie werden gemeten met behulp van kwaliteit-vanlevenvragenlijsten: de urogenitale klachtenlijst (UKL), de defecatieklachtenlijst (DKL) en de
incontinentie-impactlijst (IIL). De domeinscores werden vergeleken met het meest verzakte
punt tijdens de POP-Q meting en het meest verzakte meetpunt op dynamische MRI (ongeacht het compartiment). Over het geheel genomen vertoonde zowel de dynamische MRI als
de klinische stadiëring een slechte correlatie met symptomen van bekkenbodemdysfunctie.
Er waren geen relevante verschillen tussen deze twee methodes.
Hoofdstuk 6
De beschikbare literatuur betreffende klinische studies waarin perineale verzakking werd
vergeleken met symptomen van bekkenbodemdysfunctie werd systematisch onderzocht.
Vijfendertig studies werden gemcludeerd waarin metingen van perineale verzakking werd
vergeleken met symptomen van fecale incontinentie, constipatie, geobstrueerde defecatie,
rectale- of bekkenpijn, vaginale verzakking en stress urine incontinentie. Het enige symptoom wat een relatie vertoont met perineale verzakking was vaginale verzakking. Op basis
van de beschikbare literatuur lijkt een associatie van perineale verzakking met constipatie,
rectale- of bekkenpijn of stress urine incontinentie onwaarschijnlijk. De gegevens over de
associatie tussen perineale verzakking en fecale incontinentie en geobstrueerde defecatie
waren tegenstrijdig.
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Hoofdstuk 7
Het verband tussen de positie en mobiliteit van het perineum (zoals gemeten op dynamische
MRI) en symptomen van de patiënt ten aanzien van anorectale dysflinctie, vaginale verzakking
en urine-incontinentie werd geëvalueerd. Symptomen werden gemeten met behulp van
gevalideerde vragenlijsten: de urogenitale klachtenlijst (UKL) en de defecatieklachtenlijst
(DKL). De domeinscores urine incontinentie en vaginale verzakking van de UKL en alle
DKL domeinscores werden vergeleken met metingen van de perineale positie tijdens rust
en persen op dynamische MRI, en het verschil van deze twee metingen (perineale mobiliteit).
Zesennegentig vrouwen werden geïncludeerd in de studie. In overeenstemming met de literatuur
bleken alleen symptomen van vaginale verzakking geassocieerd met de mate van verzakking
van het perineum. Concluderend kan worden gesteld dat perineale verzakking waarschijnlijk
niet oorzakelijk gerelateerd is aan anorectale en/of urine-incontinentie symptomen.
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Beste Mark
Jij nam me aan als arts-onderzoeker op een grote multicentrische studie, de VUSIS studie.
Helaas liep het eerste jaar niet zoals we hadden verwacht en gehoopt. Na enige twijfel van mijn
kant over hoe en wat verder, stimuleerde je me om vooral door te gaan. Naast de VUSIS zijn we
gestart met het opzetten van een andere onderzoekslijn, wat heeft geresulteerd in het huidige
proefschrift. Je bent een fijne begeleider die laagdrempelig benaderbaar is en je klinische blik
heb ik altijd zeer gewaardeerd. Ook in de praktijk hoop ik nog veel van je te kunnen leren.
Beste Jelle
Wat was ik blij dat je besloot om mijn aanstelling over te nemen, zonder mij ooit te hebben
gezien ofte hebben gesproken. Het was een ambitieus plan om het manuscript binnen ruim
een jaar af te ronden, maar het is gelukt! Dank voor je blinde vertrouwen in mij.
Lieve Kirsten
Zonder jou zou dit manuscript nooit zijn wat het nu is geworden en het zou al helemaal
niet klaar zijn binnen dit tijdsbestek. Jouw deur staat altijd open, net als je inbox © Je bent
een enorme aanwinst als begeleider voor de algemeen gynaecologische onderzoekers. Mijn
dank voor je begeleiding, samenwerking, steun, gezelligheid en vriendschap is onbeschrijflijk
groot.
Beste Jürgen
Jij hebt me geïntroduceerd in de wereld van de dynamische bekkenbodem MRI. Tijdens talrijke
kopjes koffie hebben we vele verzakkingen voorbij zien komen en bediscussieerd hoe we die
het beste kwantitatief zouden kunnen weergeven. Dat is ons aardig gelukt, al zeg ik het zelf.
Beste Jan
Zodra er ideeën voor een nieuwe studie op tafel kwamen was de volgende stap dat deze met
jou werden besproken. In het begin verliep onze communicatie moeizaam, aangezien ik als
statistische leek deze taal nog niet sprak. Je nam me bij de hand en in de loop van de tijd
begon het me steeds meer eigen te worden. Dank voor je ondersteuning.
Beste tuinbewoners; Thijs, Refika, Eva, Charlotte, Channa, Roos, Hedwig, Sabine, Inge, Ralph,
Gwendolyn, Willianne, Bea, Elvira, Annemijn, Marian, Bertho, Sabrina, Anne, Charlotte,
Linda, Nel, Annemarie, Selma, Irene, Arno, Joyce, Wouter, Anika en Ineke
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Zonder jullie gezelligheid zou het doen van onderzoek een stuk minder leuk zijn geweest.
Het was fijn om jullie collega-onderzoeker te zijn!
Beste Sanne
Jij hebt het stokje als arts-onderzoeker van de VUSIS studie van me overgenomen. Als een
frisse wind ging je hard aan de slag met de nieuwe opzet. Ik vind het geweldig dat de inclusie
eindelijk loopt.
Op naar de eerste publicatie met studieresultaten....en dan de kroeg in!
Beste Reinier, Lieke, Marijke en Celine
Hartelijk dank voor jullie enthousiasme en inzet tijdens het verzamelen en invoeren van
patiëntgegevens. Op naar één groot bekkenbodembestand!
Beste Harry
Dank voor het omtoveren van mijn Word-bestanden tot dit prachtige boekje.
Lieve familie en vrienden
Wat is het fijn om jullie zo te mogen noemen! Ik ben jullie dankbaar voor alle momenten,
de mindere en de mooie, die ik met jullie mag delen.
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Mayke, in Maastricht ligt de basis van onze vriendschap en sinds die tijd delen we liefen leed.
Ik geniet van onze jaarlijkse weekendjes naar Maastricht waar we herinneringen ophalen, het
hebben over het heden en onze toekomst. Tijdens de uitreiking van jouw artsexamen heb ik
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het er dan toch van komen? Ik hoop het!
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Suzan Broekhuis-Smallegoor werd op 10 mei 1979 geboren te Apeldoorn. Samen met haar
broertje Ruben groeide zij op in het Gelderse Epe. In 1997 haalde zij haar atheneum diploma
aan de Rijks Scholengemeenschap de Springborn te Epe. In datzelfde jaar startte zij met de studie
Geneeskunde aan de Universiteit Maastricht. Na het afronden van de studie geneeskunde in 2003
heeft zij een klein jaar gewerkt als ANIOS Inwendige Geneeskunde in het Rijnstate ziekenhuis te
Arnhem (opleider dr. R. van Leusen). Aansluitend begon zij in 2004 met veel plezier als ANIOS
Obstetrie & Gynaecologie in Ziekenhuis Gelderse Vallei te Ede (opleider dr. E. Scheenjes). Begin
2007 startte zij als arts-onderzoeker Algemene Gynaecologie aan de VUSIS studie in het UCM
St. Radboud te Nijmegen, echter aan het eind van datzelfde jaar stapte zij over op een andere
onderzoekslijn wat heeft geresulteerd in het huidige proefschrift.
Suzan Broekhuis-Smallegoor is getrouwd met René Smallegoor en in 2009 kregen zij samen
hun eerste kindje.
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Stellingen behorende bij het proefschrift

Dynamic MR imaging in female pelvic floor disorders

1. Met betrekking tot de reproduceerbaarheid en standaardisatie is het gebruik van de pubococcygeale lijn
het meest geschikt voor de meting van vaginale verzakking op dynamische MRI.
Dit proefschrift
2. De reproduceerbaarheid van de kwantitatieve stadiëring van vaginale verzakking op dynamische MRI
binnen één waarnemer en tussen de waarnemers is goed tot uitstekend.
Dit proefschrift
3. Ten aanzien van beoordeling van vaginale verzakking in het voorste compartiment is lichamelijk
onderzoek de gouden standaard.
Dit proefschrift
4. De dynamische MRI en de klinische stadiëring van vaginale verzakking hebben een goede correlatie met een
gevoel van verzakking, maar een slechte correlatie met overige symptomen van bekkenbodemdysfunctie.
Dit proefschrift
5. Gynaecologen besteden weinig aandacht aan het verzakken van het perineum, maar dit is mogelijkerwijs
niet terecht.
Dit proefschrift
6. De toegevoegde waarde van dynamische MRI voor de patiënt is nog steeds onduidelijk.
Dit proefschrift
7. Het doen slagen van wetenschappelijk onderzoek betekent het hebben van zelfdiscipline,
doorzettingsvermogen en de juiste begeleiders.
8. 41 Procent van de mensen nemen mensen met krullen minder serieus dan mensen met steil haar. je zult
maar blond zijn en krullen hebben, dan word je vandaag de dag helemaal niet meer serieus genomen.
9. Lang leve de bekkenbodem.
10. Waarom aan statistische normaliteit voldoen, terwijl het leven niet normaal is.
11. De patiënt heeft belang bij gedegen medisch ethische toetsing, maar niet bij het frustreren van de
voortgang van wetenschappelijk onderzoek bij lokale toetsing van de haalbaarheid.
VUSIS studie
12. De meeste mensen eten te veel. Van het kwart van het voedsel leven ze, van de rest leven de dokters.
Op een Egyptische papyrusrol 2000 voor Christus
13. Als we wisten wat we deden, heette het geen onderzoek.
Albert Einstein

Suzan Broekhuis-Smallegoor
Nijmegen, 10 maart 2010

