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Abstract
Introduction Our aim was to study any correlation between pelvic organ prolapse quantification (POP-Q) and ultrasound
measurement of prolapse in women from a normal population and to identify the method with a stronger association with
prolapse symptoms.
Methods A cross-sectional study of 590 parous women responding to the Pelvic Floor Distress Inventory was carried out. They
were examined using POP-Q and transperineal ultrasound, and correlation was tested using Spearman’s rank test. Numerical
measurements and significant prolapse (POP-Q ≥ 2 in any compartment or bladder ≥10 mm, cervix ≥0 mm or rectal ampulla
≥15 mm below the symphysis on ultrasound) were compared in symptomatic and asymptomatic women (Mann–Whitney U and
Chi-squared tests).
Results A total of 256 women had POP-Q ≥ 2 and 209 had significant prolapse on ultrasound. The correlation (rs) between POP-
Q and ultrasound was 0.69 (anterior compartment), 0.53 (middle), and 0.39 (posterior), p < 0.01. Women with a “vaginal bulge”
(n = 68) had greater descent on POP-Q and ultrasound in the anterior and middle compartments than asymptomatic women, p <
0.01. For women with a symptomatic bulge, the odds ratio was 3.8 (95% CI 2.2–6.7) for POP-Q ≥ grade 2 and 2.4 (95% CI 1.4–
3.9) for prolapse on ultrasound. A sensation of heaviness (n = 90) and incomplete bladder emptying (n = 4) were more weakly
associated with ultrasound (p = 0.03 and 0.04), and splinting (n = 137) was associated with POP-Q Bp, p = 0.02.
Conclusion POP-Q and ultrasound measurement of prolapse had moderate to strong correlation in the anterior and middle
compartments and weak correlation in the posterior compartment. Both methods were strongly associated with the symptom
“vaginal bulge,” but POP-Q had a stronger association than ultrasound.
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Introduction

Pelvic organ prolapse is a common condition, and up to 20%
of women in western countries undergo prolapse surgery

during their lifetime [1]. The most specific symptom of pro-
lapse is “seeing or feeling a vaginal bulge” [2]. Prolapse of the
urinary bladder, bowel, and uterus can be associated with a
wide range of other pelvic floor symptoms, such as
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incomplete bladder and bowel emptying, frequent urination,
urinary and anal incontinence, and sexual dysfunction [2, 3].
The proportion of women feeling a vaginal bulge increases
with increasing prolapse grade [4]. On the other hand, many
women with smaller prolapses are asymptomatic, and there is
no consensus about what is regarded as normal or abnormal
support of the vaginal wall and uterus [5, 6]. Discrepancy
between symptoms and clinical findings is common, and a
general agreement is that only symptomatic prolapse needs
treatment [7, 8].

Since 1996, the International Continence Society (ICS)
pelvic organ prolapse quantification (POP-Q) system has been
the gold standard for quantification of anatomical prolapse at
clinical examination [3]. As anatomy does not always corre-
late with urinary and bowel symptoms, in some women, ad-
ditional diagnostic tools are needed to make qualified deci-
sions on conservative or surgical treatment. Imaging modali-
ties such as defecography, cystography, and magnetic reso-
nance imaging (MRI) have been used to investigate the func-
tional anatomy of the bladder and bowel in patients with pel-
vic floor disorders [9]. Transperineal ultrasound is a new al-
ternative for the investigation of functional anatomy of the
pelvic floor, and cut-offs have been suggested to define clin-
ically relevant descent of the urinary bladder, cervix, and rec-
tum in relation to the sensation of a vaginal bulge [10]. If
ultrasound is a better diagnostic tool than POP-Q for women
with prolapse, this should be offered as a complement to clin-
ical examination for all women with prolapse symptoms. We
are unaware of any previous study examining the correlation
and agreement between POP-Q and ultrasound measurements
in women from a normal population.

The aim of the present study was to explore any correlation
and agreement between POP-Q and ultrasound measurements
of prolapse in women from a normal population and to iden-
tify the method with a stronger association with prolapse
symptoms.

Materials and methods

This was a secondary analysis of data collected in a cross-
sectional study of parous women from a normal population
who delivered their first child at Trondheim University
Hospital, Norway between 1990 and 1997. A total of 847
women, who in 2013 had responded to a questionnaire regard-
ing pelvic floor disorders, were invited to a clinical examina-
tion including POP-Q and transperineal ultrasound, regardless
of symptoms and any previous gynecological surgery.

A Norwegian translation of the Pelvic Floor Distress
Inventory Short-Form was part of the questionnaire [11].
Questions related to symptomatic pelvic organ prolapse were:
“Do you usually experience pressure in the lower abdomen?”,
“Do you usually experience heaviness or dullness in the lower

abdomen?”, “Do you usually have a bulge or something fall-
ing out that you can see or feel in the vaginal area? “, “Do you
usually experience a feeling of incomplete bladder empty-
ing?”, “Do you ever have to push up in the vaginal area with
your fingers to start or complete urination?”, “Do you feel you
have not completely emptied your bowels at the end of a
bowel movement?”, and “Do you usually have to push on
the vagina or around the rectum to have a complete bowel
movement?” A positive response to each question was
recorded.

Study participants were examined in 2013–2014 by the
first author (IV), who was blinded to the background charac-
teristics and symptoms of prolapse and incontinence. Women
were examined in the supine position after bladder and bowel
emptying, with the hips and knees semi-flexed, and the lower
abdomen covered to hide any surgical scars. Prolapse was
quantified at maximum Valsalva according to the POP-Q sys-
tem in 0.5-cm intervals, providing the staging of prolapse:
stage 0 (no prolapse), stage 1 (distal-most part of the prolapse
>1 cm above the hymen), stage 2 (distal-most part of the
prolapse ≤1 cm above or below the hymen), stage 3 (distal-
most part >1 cm below the hymen), and stage 4 (complete
eversion of the vagina and uterus) [3]. Three POP-Q points
were used for the analyses: the furthest descending point in the
anterior vaginal wall (Ba), posterior vaginal wall (Bp), and the
cervix (C) or vaginal vault in the case of previous hysterecto-
my. A prolapse stage 2 or more (POP-Q ≥ 2) in any compart-
ment was counted as significant.

Acquisition of 3D/4D ultrasound volumes of the pelvic
floor, lower urinary tract, and rectum was performed using a
GE Voluson S6 ultrasound device, with a RAB 4- to 8-MHz
abdominal three-dimensional (3D) probe, acquisition angle
85°, placed on the woman’s perineum and introitus.
Volumes were acquired at rest, maximum pelvic floor contrac-
tion, and Valsalva maneuver. Off-line analysis of the ultra-
sound volumes was performed using 4DView software ver-
sion 14 Ext. 0 (GE Medical Systems) by the second author
(RGR) at an average of 30 months later, blinded to the
women's demographics, POP-Q score, and symptoms. Two-
dimensional images in the mid-sagittal plane were used for the
evaluation of pelvic organ descent, as described previously
[10]. Descent of the urinary bladder, cervix, and rectal ampulla
was measured at Valsalva as the vertical distance (in millime-
ters) of the furthest descending part of each organ from a
horizontal line drawn through the inferior–posterior margin
of the symphysis pubis (Fig. 1). Positions above this line were
recorded as positive and those below as negative values. A
significant prolapse was defined as bladder descent ≥10 mm
below the symphysis and the rectal ampulla ≥15 mm below
the symphysis [10, 12]. Abnormal descent of the cervix on
ultrasound has been suggested to be 15 mm above the sym-
physis [13], which corresponds to the POP-Q point C of −5.
As C −5 is not counted as clinically relevant by most
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clinicians, we choose to use a cut-off of 0 mm, which corre-
sponds to C −1 and prolapse grade 2 [12, 13]. Enterocele was
diagnosed if the small bowel or omentumwas seen at the level
of the symphysis or below, and rectal intussusception was
defined as an inversion of the anterior wall of the rectal am-
pulla into the anal canal [14, 15].

Informed consent was obtained from all study participants.
The study was approved by the Regional Committee for
Medical and Health Research Ethics (REK midt 2012/666)
and registered at ClinicalTrials.gov with the identifier
NCT01766193. No sample size calculations were performed
for this study, as it was a secondary analysis, and sample size
analysis was performed for the outcome measures for the
parent study, where the aim was to study the prevalence of
pelvic floor muscle trauma after different modes of delivery
[16].

Statistical analyses were performed using IBM SPSS
Statistics Version 22.0 (IBM, Armonk, NY, USA).
Correlation between the numerical values of POP-Q and ul-
trasound was tested using Spearman’s rank correlation (rs);
bladder position on ultrasound was tested against Ba, the rec-
tal ampulla against Bp, and the cervix against C. rs = 0 implied
no agreement, rs > 0.3 weak agreement, rs > 0.5 moderate
agreement rs > 0.7 strong agreement, and rs = 1 perfect agree-
ment. Then, the agreement between POP-Q ≥ 2 and signifi-
cant prolapse on ultrasound was tested using Cohen’s kappa
(κ). Venn diagrams were used to show the agreement among
symptoms, POP-Q ≥ 2, and significant prolapse on
ultrasound.

Then, median values for POP-Q and ultrasound measure-
ments were calculated and compared in symptomatic and
asymptomatic women using the Mann–Whitney U test for
“seeing or feeling a vaginal bulge,” “sensation of pressure,”
and “heaviness.” Only POP-Q Aa and urinary bladder on
ultrasound were tested against “pushing to empty” and “sen-
sation of incomplete bladder emptying,” and only POP-Q Bp
and rectal ampulla on ultrasound were tested against
“splinting” (having to push on the vagina or around the rectum

to have a complete bowel movement) and “sensation of in-
complete bowel emptying.”

Finally, Chi-squared test was used to calculate odds ratios
(ORs) for POP-Q ≥ 2 and significant prolapse on ultrasound
for women with the most specific prolapse symptom: “seeing
or feeling a vaginal bulge.” In addition, intussusception on
ultrasound was tested against “splinting” and “sensation of
incomplete bowel emptying.” We used a p value <0.05 to
define statistical significance for all analyses.

Results

Six-hundred and eight women answered the questionnaire and
were examined using POP-Q and ultrasound. We included
590 women with complete datasets; 13 ultrasound volumes
had not been stored properly, and 5 volumes were of poor
image quality, (Supplementary material). Baseline character-
istics and the prevalence of the main outcome variables are
listed in Table 1. The women were significantly older than the
background population from which they were recruited
(47.9 years, p < 0.01), but other demographics and prevalence
of prolapse symptoms were similar [17].

Correlation and agreement between the POP-Q and ultra-
sound are shown in Table 2. The strongest correlation and
agreement were found in the anterior compartment and
weakest in the posterior compartment. Figure 2 is a Venn
diagram of the overlap between “seeing or feeling a vaginal
bulge,” POP-Q ≥ 2 , and any significant prolapse on ultra-
sound. Four women with a sensation of bulge and POP-Q <
2 had the prolapse diagnosis verified on ultrasound; 3 in the
posterior compartment, and 1 of the cervix. POP-Q was diag-
nostic for 16 symptomatic women who were missed on ultra-
sound diagnosis. Fifteen out of 68 women with bulge symp-
toms (22%) had no prolapse on ultrasound or POP-Q.

We found a highly significant difference between symp-
tomatic and asymptomatic women in the anterior compart-
ment and cervix for “seeing or feeling a vaginal bulge,”

Fig. 1 Descent measured by ultrasound as the organs’ vertical distance
from the horizontal line drawn from the inferior border of the symphysis
pubis (SP). The vertical distance from the horizontal line for the urinary

bladder (UB), cervix (Cx), and rectal ampulla (RA) were a 32mm, 31mm,
and 13 mm at rest and b −3 mm, 18 mm, and −8 mm at Valsalva (B)
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(Table 3). “Sensation of heaviness” (n = 90) and “incomplete
bladder emptying” (n = 4) were more weakly associated with
ultrasound (p = 0.03 and 0.04), and “splinting” (n = 137) was
associated with POP-Q Bp, p = 0.02. For “sensation of

pressure” (n = 96), “incomplete bladder emptying” (n =
196), and “incomplete bowel emptying” (n = 192), no dif-
ference between symptomatic and asymptomatic women
was found.

For women “seeing or feeling a vaginal bulge” the ORs for
POP-Q ≥ 2 and significant descent on ultrasound are listed in
Table 4. Eighteen women were diagnosed with rectal intus-
susception on ultrasound, and 11 of them had splinting symp-
toms. The OR was 5.5 (95% CI 2.1–14.5) for intussusception
on ultrasound for women with splinting symptoms. Seven
women had enterocele diagnosed by ultrasound, and 3 of them
had posterior wall prolapse on clinical examination.

Discussion

In this study of parous women from a normal population, the
correlation and agreement between POP-Q and ultrasound
was strongest for the anterior compartment and weakest for
the posterior compartment. Both methods were strongly asso-
ciated with the symptom “seeing or feeling a vaginal bulge,”
but POP-Qwas more strongly associated than ultrasound. The
association was strongest when prolapse was diagnosed in the
anterior compartment.

A similar correlation and agreement between ultrasound
and POP-Q was found in previous studies in patient popula-
tions [12, 18]. Dietz et al. examined 825 women, but found
weaker agreement for all compartments (anterior 75%, middle
69%, and posterior 63%) than our study [12]. In that study,
more women had greater prolapses, and interpretation of ul-
trasound volumes could be difficult when the prolapse
exceeded the level of the hymen. In our study, all POP-Q
measurements were undertaken by one examiner, also elimi-
nating any inter-rater disagreement for this parameter.
Broekhuis et al. examined the correlation between ultrasound
and POP-Q in 61 women and found a moderate correlation
(rs = 0.58) only for the anterior compartment [18]. A likely

Table 1 Baseline characteristics and prevalence of main outcome
variables

Characteristic Values

Demographic variables
Age at examination, years, mean (SD), range 47.9 (4.9) 35-64
Body mass index, kg/m2, mean (SD), range 25.7 (4.6), 15.9–47.3
Parity, number, mean (SD), range 2.2 (0.8), 1–5
Birth weight largest infant, g, mean (SD), range 3,861 (505), 2,270–5,550
Mode of delivery, n/N (%)
Cesarean 100/590 (17)
Normal vaginal 209/590 (35)
Forceps 154/590 (26)
Vacuum 127/590 (22)

Postmenopausal, n/N (%) 28/588 (5)
Hysterectomy, n/N (%) 122/526 (23)
Prolapse surgery, n/N (%) 15/575 (2.6)

Outcome variables
Prolapse symptoms, n/N (%)
Bulge 68/581 (12)
Pressure 96/483 (20)
Heaviness 90/584 (15)
Incomplete bladder emptying 196/583 (34)
Push to empty bladder 4/587 (0.5)
Incomplete bowel emptying 192/585 (33)
Splinting 137/583 (23)

POP-Q ≥ 2, n/N (%) 260/590 (44)a

Anterior 161/590 (27)
Middle 26/590 (4.4)
Posterior 146/590 (25)

Significant prolapse on ultrasound, n/N (%) 212/590 (36)b

Bladder 137/590 (23)
Cervix 97/590 (16)
Rectum 128/590 (22)

POP-Q pelvic organ prolapse quantification
a Five women had descent in all compartments, 47 in the anterior and
posterior, and 26 in the anterior and middle compartments
b Thirty-seven women had descent in all compartments, 33 of the bladder
and rectum, 34 of the bladder and cervix, and 9 of the cervix and rectum

Table 2 Correlation between numerical measurements of prolapse on POP-Q and ultrasound, and agreement between significant prolapse on POP-Q
and ultrasound

POP-Q versus ultrasound
measurements

Spearman’s rank
correlation (rs)

POP-Q stage ≥ 2 Agreement

Significant descent on ultrasound Proportional agreement (%) Cohen’s kappa (κ)

Yes No

Ba versus urinary bladder 0.69 Ba ≥2 Yes 100 61 83 0.56
No 37 392

C versus cervix 0.53 C ≥ 2 Yes 22 4 87 0.31
No 75 489

Bp versus rectal ampulla 0.39 Bp ≥2 Yes 56 90 73 0.23
No 72 372
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explanation for the poorer correlation in the posterior compart-
ment in all these studies is that a prolapse of the posterior
vaginal wall at clinical examination is not synonymous with
rectocele, and the clinical distinction between rectocele and
enterocele is difficult. POP-Q is measured in relation to the
introitus/perineum, and ultrasound in relation to the symphy-
sis, and any perineal descent occurring at Valsalva could have
a greater impact on measurements in the posterior than in the
anterior and middle compartments.

The symptom with strongest correlation with POP-Q and
ultrasound measurements of prolapse was “seeing or feeling a
vaginal bulge.” This is also in agreement with existing litera-
ture [2]. For women “seeing or feeling a vaginal bulge,” the
ORs were higher for POP-Q ≥ 2 than for prolapse on ultra-
sound for all three compartments, indicating that POP-Q is a
better diagnostic tool than ultrasound. For both methods, the
ORs were higher if prolapse was diagnosed in the anterior and

middle compartments, implying that posterior compartment
prolapse is less symptomatic. The Venn diagram showed that
ultrasound confirmed the prolapse diagnosis in only 4 symp-
tomatic women in whom prolapse was not detected at POP-Q
examination, whereas POP-Q was diagnostic for 16 women
for whom prolapse was missed on ultrasound diagnosis. Some
previous studies have found that clinical and ultrasound as-
sessment both correlate with prolapse symptoms, whereas
others have found that ultrasound has an inferior performance
compared with clinical examination [18–20].

Twenty percent of women with bulge symptoms in the
present study had no significant prolapse on ultrasound or
POP-Q examination. We have no information that explains
why these women had a sensation of a vaginal bulge. Pelvic
floor muscle training can reduce symptoms in women with
small prolapses [21], and weaker pelvic floor muscle contrac-
tion is a possible explanation for discordance between

POP-Q diagnosis 

of prolapse ≥ grade 2

in any compartment

N=260

Seeing or feeling 

vaginal bulge

N=68

Ultrasound diagnosis

of significant prolapse

in any compartment

N=212

15

334

49

16

126

85

Fig. 2 Venn diagram with data
from 581 women with complete
datasets demonstrating overlap
between symptoms (“seeing or
feeling a vaginal bulge”),
prolapse in any compartment on
clinical examination (pelvic organ
prolapse quantification [POP-Q]
Aa, C or Ba ≥ −1 cm) or
ultrasound (urinary bladder ≥
10 mm, cervix ≥ 0 mm or rectal
ampulla ≥ 15 mm below the
symphysis)

Table 3 Median (range) measurements by ultrasound and POP-Q for womenwhowere symptomatic or asymptomatic for “seeing or feeling a vaginal bulge”

Symptomatic
N = 68
Median (range)

Asymptomatic
N = 513
Median (range)

Mann–Whitney U test, p

Ultrasound measurements (mm vertical distance from the symphysis)

Urinary bladder −8.2 (−31, 26.8) 0.0 (−35.1, 33.0) < 0.01

Cervix 15.4 (−23.3, 44) 16.9 (−31.0, 48.5) < 0.01

Rectal ampulla −9.2 (−26.6, 23.5) −6.7 (−33.5, 30.9) 0.23

POP-Q measurements (cm distance from the hymen)

Ba −1.0 (−3, 2) −2.5 (−3, 1) < 0.01

C −6.0 (−10, 2) −7 (−11, 1.5) < 0.01

Bp −1.5 (−3, 0.5) −2.0 (−3, 1.5) 0.05

Smaller numbers indicate greater descent on ultrasound and larger numbers indicate greater descent on POP-Q. Comparison of symptomatic and
asymptomatic women using Mann–Whitney U test
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symptoms and anatomy. Another explanation is that some
study participants were not able to perform a proper Valsalva
without levator co-activation, which could have masked a
clinically relevant prolapse in this examination setting.

Other symptoms were more weakly correlated with POP-Q
and ultrasound measurements. “Splinting” was associated
with descent on POP-Q, and “pushing to empty urinary blad-
der” was associated with bladder descent on ultrasound. This
indicates that difficulties with bladder and bowel emptying
also depend on factors other than the degree of prolapse, sup-
ported by findings in previous studies [8, 22]. Constipation
and bowel motility disturbances are common causes of bowel
emptying difficulties, and a spastic pelvic floor could be an-
other explanation [23]. Therefore, surgical treatment of pro-
lapse in patients with emptying difficulties does not necessar-
ily lead to symptom relief [24]. Other causes of bladder and
bowel symptoms should be investigated before considering
prolapse surgery, especially in the absence of a significant
anatomical prolapse [8, 22]. As this study was performed on
women from a normal population, other symptoms may have
a stronger association with POP-Q or ultrasound measure-
ments in patient populations.

For the posterior compartment, ultrasound has the po-
tential to reveal information about rectal intussusception,
internal herniation, and enterocele, which could be impor-
tant in the evaluation and planning of treatment for women
with prolapse [14, 25]. As ultrasound is available in most
gynecological departments, this should be performed for
women with bowel-emptying difficulties and no prolapse
on POP-Q before referring to other imaging modalities.
Ultrasound can also be used to diagnose levator ani muscle
trauma. This is important when choosing treatment and
informing patients, as women with major levator trauma
are at an increased risk for expulsion of a ring pessary
and of prolapse recurrence after surgery [26, 27].

One strength of this study is the large number of women
recruited from a normal population. We could therefore dem-
onstrate a similar and even stronger association among POP-Q,
ultrasound, and prolapse symptoms than previous studies in
patient populations [12, 18]. We used a Norwegian translation
of a validated questionnaire about symptoms of pelvic floor
disorders. Standardized criteria were used to define pelvic organ
prolapse on clinical examination (POP-Q) and ultrasound.

One possible weakness is that symptomatic womenmay be
easier to recruit, and the prevalence of prolapse could be
higher than in the normal population fromwhich these women
were recruited. The prolapse prevalence was similar with pre-
vious studies on similar populations reporting POP-Q ≥ 2 in
35–63% of women [6, 28]. Another weakness is the cross-
sectional study design, with no possibility of following the
development of anatomical prolapse and symptoms over time.
A previous study found that posterior vaginal prolapse did not
increase the odds that defecatory symptoms would occur
among asymptomatic women, but for women with established
posterior vaginal prolapse, defecatory symptoms were associ-
ated with more rapid worsening of anatomical prolapse over
time [29]. A follow-up of our study population after 10–
15 years could add information about changes in anatomical
prolapse and symptoms over time. Many women in this pop-
ulation had prolapse in more than one compartment. Studying
women with single-compartment prolapse could have given
different results [30]. Median values of descent were statisti-
cally significantly different in symptomatic and asymptomatic
women, but the range values overlapped. This implies that
POP-Q and ultrasound cannot be used to distinguish between
women with and without symptoms and also supports the
notion that only women with a symptomatic prolapse need
treatment.

In conclusion, the correlation and agreement between POP-
Q and ultrasound measurement of prolapse were moderate to

Table 4 Significant prolapse on ultrasound and POP-Q examination for women who were symptomatic or asymptomatic for “seeing or feeling a
vaginal bulge”

Symptomatic, N = 68 Asymptomatic, N = 513 OR 95% CI p

Ultrasound

Urinary bladder < −10 mm, N = 134 29 105 2.9 1.7–4.9 < 0.01

Cervix <0 mm, N = 96 22 74 2.8 1.6–5.0 < 0.01

Rectocele < −15 mm, N = 127 20 107 1.6 0.9–2.8 0.11

Any significant prolapse, N = 209 37 172 2.4 1.4–3.9 < 0.01

POP-Q ≥ stage 2
Ba ≥2, N = 159 34 125 3.1 1.9–5.2 < 0.01

C ≥ 2, N = 25 8 17 3.9 1.6–9.4 < 0.01

Bp ≥ 2 , N = 144 25 119 1.9 1.1–3.3 0.02

Any POP-Q ≥ 2, N = 256 49 207 3.8 2.2–6.7 < 0.01

Ultrasound measurements in relation to the symphysis pubis and POP-Q stage in relation to the level of the hymen. Odds ratios (OR) with 95%
confidence intervals (CI) for finding a significant descent on ultrasound or POP-Q for women seeing or feeling a vaginal bulge
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strong in the anterior and middle compartments and weak in
the posterior compartment in women from a normal popula-
tion. Both methods were strongly associated with the symp-
tom “seeing or feeling a vaginal bulge,” and POP-Q diagnosis
of prolapse was more strongly associated with this symptom
than ultrasound. Therefore, ultrasound cannot substitute POP-
Q examination in the diagnosis of pelvic organ prolapse. Still,
ultrasound can be used as a helpful complement providing
additional information about enterocele, rectal intussuscep-
tion, and muscle trauma, which is relevant for the choice of
treatment and information for women with pelvic organ
prolapse.
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