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Abstract The purpose of this study was to evaluate pelvic
organ support during pregnancy and following delivery.
This was a prospective observational study. Pelvic organ
prolapse quantification (POPQ) examinations were
performed during each trimester of pregnancy and in the
postpartum. Statistical comparisons of POPQ stage and
of the nine measurements comprising the POPQ between
the different time intervals were made using Wilcoxon’s
signed rank and the paired t-test. Comparison of POPQ
stage by mode of delivery was made using Fisher’s exact
test. One hundred thirty-five nulliparous women
underwent 281 pelvic organ support evaluations. During
both the third trimester and postpartum, POPQ stage
was significantly higher compared to the first trimester
(p<0.001). In the postpartum, POPQ stage was sig-
nificantly higher in women delivered vaginally compared
to women delivered by cesarean (p=0.02). In nullipa-
rous pregnant women, POPQ stage appears to increase
during pregnancy and does not change significantly
following delivery. In the postpartum, POPQ stage may
be higher in women delivered vaginally compared to
women delivered by cesarean.

Keywords Pelvic organ prolapse quantification
(POPQ) Æ Pregnancy

Introduction

Parity is believed to be an important risk factor in the
development of pelvic organ prolapse [1, 2, 3]. Most
studies evaluating the pelvic floor during pregnancy and
following delivery focus on the impact of delivery on
urinary or anal incontinence, with less attention to pelvic
organ support [4, 5, 6, 7, 8]. Furthermore, many of these
studies assessing the impact of delivery on the pelvic
floor only include a single antepartum examination,
usually in the third trimester, with the assumption that
this represents ‘‘normal.’’ Our understanding of the
natural history of pelvic organ support over the course
of pregnancy is limited.

The relationship between parity and the development
of pelvic organ prolapse has been studied using the
POPQ in a general gynecologic population [3]. Gravid-
ity, parity, number of vaginal deliveries, and vaginal
delivery of a macrosomic infant have all been shown to
be associated with increased POPQ stage. One study has
used the POPQ during pregnancy comparing exams
between the third trimester and 6 weeks postpartum [9].
It is unclear from either of these studies, however,
whether pregnancy or the delivery process contributed
to higher POPQ stage postpartum. The purpose of this
study was to objectively document pelvic organ support
during each trimester of pregnancy and at the post-
partum visit in a population of nulliparous women.

Materials and methods

This was an Institutional Review Board approved pro-
spective observational study conducted in an active-duty
obstetrics clinic at Madigan Army Medical Center,
Tacoma, WA, USA. Nulliparous pregnant women were
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considered eligible at any point during their care. Wo-
men were excluded if they had preterm labor, bleeding,
prior pelvic surgery, a known collagen vascular disorder,
any other pregnancy complication that precluded vagi-
nal examination, or if they declined exam. Whenever
possible, evaluations were performed during each
trimester and at the postpartum visit. First trimester was
defined as 12 weeks or less, second trimester as 13–
28 weeks, and third trimester as 29 weeks or greater.
Demographic information including age, race, and
gestational age were recorded at each evaluation along
with POPQ stage and the nine POPQ points: Aa, Ba,
Ap, Bp, PB, GH, D, C, and TVL. All POPQ examina-
tions were performed as previously described [10]. For
women returning for postpartum evaluations, mode of
delivery, infant weight, and length of second stage of
labor were recorded. Descriptive statistics were used to
report demographics, delivery information, and the
POPQ stage proportions for each trimester and the
postpartum. In women who underwent serial examina-
tions, paired statistical comparisons of POPQ stage and
the nine POPQ points were made between the first and
third trimesters, third trimester and postpartum, and
first trimester and postpartum. POPQ stage was com-
pared using Wilcoxon’s signed rank test, and the nine
POPQ component measurements were compared using
the paired t-test. Comparison of POPQ stage and mode
of delivery was made using Fisher’s exact test. Signifi-
cance was set at 5%. Statistical analysis was preformed
with Statview 4.5 (SAS, Berkley, Calif., USA). A subset
of the antepartum data in this study has been published
in two separate reports [10, 11].

Results

One hundred thirty-five nulliparous pregnant women
attending an active-duty obstetrics clinic between
November 2000 and February 2003 agreed to partici-
pate. Fifty-five percent were Caucasian, 29% African-
American, 11% Hispanic, and 5% Asian. The mean age
was 22 years (range: 18–38 years). A total of 281
examinations were performed, 86 during the first tri-
mester (5–12 weeks), 58 in the second trimester (13–
28 weeks), 75 in the third trimester (29–40 weeks), and
62 postpartum (5–22 weeks). Of 135 participants, 53 had
one exam, 36 had two exams, 28 had three exams, and
18 had four exams. Statistical comparisons were made in
exam pairs: first trimester vs third trimester (n=44
exams), first trimester vs postpartum (n=40 exams), and
third trimester vs postpartum (n=52 exams) using
Wilcoxon’s signed rank test for POPQ stage and the
paired t-test for the individual POPQ points.

The overall distribution of POPQ stage for each tri-
mester is depicted in Fig. 1 and is as follows: first tri-
mester (15% stage 0, 84% stage 1, <1% stage 2), second
trimester (0% stage 0, 81% stage 1, 19% stage 2), third
trimester (1.3% stage 0, 60% stage 1, 39% stage 2), and
postpartum (0% stage 0, 64.5% stage 1, 35.5% stage 2).

Comparison of POPQ stage for each time interval re-
vealed a significantly higher POPQ stage in both the
third trimester and postpartum compared to the first
trimester (p<0.001). POPQ stage did not differ sig-
nificantly between the third trimester and postpartum
(p=0.627). This difference was due to a higher propor-
tion of POPQ stage 2 exams in both the third trimester
and postpartum.

Consistent with the findings in overall POPQ stage,
points Aa, Ba, Ap, and Bp (anterior and posterior
vaginal wall measurements) showed significant descent
relative to the hymen in the third trimester and the
postpartum compared to the first trimester (p<0.001)
and did not differ between the third trimester and
postpartum. Interestingly, both PB (perineal body
measurement) and GH (genital hiatus) increased sig-
nificantly in the third trimester compared to the first
trimester. In the postpartum, however, PB was similar to
the first trimester measurement and GH was sig-
nificantly larger than both first and third trimester
measurements. The apical measurements, C (leading
edge of the cervix) and D (posterior cul-de-sac), also
showed significant decent relative to the hymen in the
postpartum compared to the first trimester. The total
vaginal length (TVL) however, was increased between
the first and third trimesters but similar to the first tri-
mester in the postpartum. Of all the POPQ points, only
TVL and PB were similar to first trimester measure-
ments in the postpartum. The individual POPQ point
measurements for all 281 exams are shown in Table 1.
The comparison of POPQ points between time intervals
is shown in Table 2.

Finally, statistical comparison was made among the
62 postpartum exams by mode of delivery using Fi-
scher’s exact test. There was a significantly higher pro-
portion of POPQ stage 2 exams in women delivered
vaginally (spontaneous and forceps combined) com-
pared to those delivered by cesarean (p=0.02). Of the 13
women delivered by cesarean, only 1 (7.6%) was POPQ
stage 2, while 43% of the 49 women delivered vaginally
were POPQ stage 2. Interestingly, 54.5% of the women
delivered by forceps had POPQ stage 2 exams, but this
was not statistically significant compared to women

Fig. 1 Proportion of POPQ stage for 281 exams
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delivered spontaneously (p=0.07). There were too few
women in the postpartum group to make meaningful
statistical comparisons between forceps delivery or any
of the other delivery variables such as infant weight or
length of second stage.

Discussion

Pregnancy produces significant physiologic alterations
in virtually all organ systems but little is known about
the normal changes in the pelvic floor during pregnancy.
Furthermore, it remains unclear whether pregnancy it-
self or factors associated with labor and delivery con-
tribute to the injury of the pelvic floor thought to result
from parity [3]. In this study, several antenatal changes
persisted following delivery, most notably descent of the
anterior and posterior vaginal walls relative to the hy-
men. The overall increase in POPQ stage that was ob-
served in the third trimesters and postpartum, compared
to the first trimester, was primarily due to descent of
point Aa which corresponds to the approximate location
of the urethrovesical crease [12].

Several of the changes that occurred prior to delivery
are likely normal physiologic changes and may be sec-
ondary to hormonally induced alterations in collagen
[13, 14]. Most notable was the increase in the perineal
body (PB). In addition, genital hiatus (GH), total vagi-
nal length (TVL), and the posterior cul-de-sac (D)

measurements were increased in the third trimester
compared to the first. These interestingly had no impact
on final POPQ stage assignment. Point C appeared to be
influenced as early as the first trimester and did alter the
POPQ stage assignment in this trimester, as noted in our
earlier report [11]. Point C was responsible for an
‘‘upstaging’’ from stage 0 to stage 1 in 57% of the wo-
men with otherwise normal support in the first trimester
and accounted for the lower than expected number of
POPQ stage 0 exams early in the study.

There were several changes that may be a result of the
delivery process, rather than the pregnancy itself. Both
points C and D had significantly more descent relative to
the hymen following delivery. There was also a signifi-
cantly higher proportion of POPQ stage 2 exams noted
in women delivered vaginally compared to those deliv-
ered by cesarean. Sze et al. performed POPQ examina-
tions at 36 weeks gestation and at 6 weeks postpartum
in 94 young nulliparous women and concluded that
POPQ increased during the second stage of labor [9]. In
contrast, we found a higher proportion of POPQ stage 2
exams in the third trimester, prior to delivery. Also in
contrast to the study by Sze et al., we did observe a
statistically significant increase in POPQ stage in women
delivered vaginally compared to those delivered by
cesarean.

A weakness of this study was that a larger number of
women could not be recruited and that more serial
measurements could not be obtained. This study was

Table 1 Individual POPQ component measurements for 281 exams

POPQ points 1st trimester 2nd trimester 3rd trimester Postpartum
(n=86 exams) (n=58 exams) (n=75 exams) (n=62 exams)
(5–12 weeks gestation) (13–28 weeks gestation) (29–40 weeks gestation) (5–22 weeks)
Mean/SD (range) cm
relative to hymen

Mean/SD (range) cm
relative to hymen

Mean/SD (range) cm
relative to hymen

Mean/SD (range) cm
relative to hymen

Aa )2.5/0.46 ()3.0 to )1.0) )1.89/0.63 ()3.0 to 0.0) )1.4/0.77 ()3.0 to 0.0) )1.5/0.75 ()3.0 to 0.0)
Ba )2.5/0.46 ()3.0 to )1.0) )1.89/0.63 ()3.0 to 0.0) -1.4/0.77 ()3.0 to 0.0) )1.5/0.75 ()3.0 to 0.0)
Ap )2.7/0.38 ()3.0 to )2.0) )2.4/0.45 ()3.0 to )1.0) )2.1/0.33 ()3.0 to )1.0) )2.0/0.44 ()3.0 to )1.0)
Bp )2.7/0.38 ()3.0 to )2.0) )2.4/0.45 ()3.0 to )1.0) )2.1/0.33 ()3.0 to )1.0) )2.0/0.44 ()3.0 to )1.0)
PB 3.8/0.74 (2.5–5.5) 4.3/0.60 (3.0–5.5) 4.6/0.74 (3.0–6.0) 3.9/0.61 (2.5–5.5)
GH 2.4/0.60 (1.5–5.0) 2.5/0.59 (1.5–4.0) 2.8/0.55 (1.5–4.5) 3.0/0.75 (1.5–5.0)
C )7.0/1.26 ()10.0 to )4.0) )7.3/1.15 ()9.0 to )3.0) )6.9/1.29 ()10.0 to )4.0) )6.4/1.12 ()11.0 to )4.0)
D )9.4/1.12 ()11.0 to )6.0) )9.8/1.16 ()12.0 to )5.0) )10.0/1.10 ()12.0 to )7.0) )8.7/0.96 ()11.0 to )7.0)
TVL 10.5/1.05 (7.0–12.0) 11.0/.83 (8.5 to12.0) 11.2/0.95 (9.0–13.0) 10.7/0.77 (9.0–12.0)

Table 2 Comparison of POPQ points in each time interval

POPQ points 1st vs 3rd trimester p value 1st trimester vs postpartum p value 3rd trimester vs postpartum p value
(mean difference in cm) (mean difference in cm) (mean difference in cm)

Aa )1.136 <0.0001 )1.1 <0.0001 0.173 NS
Ba )1.136 <0.0001 )1.1 <0.0001 0.173 NS
Ap )0.602 <0.0001 )0.638 <0.0001 )0.638 NS
Bp )0.602 <0.0001 )0.638 <0.0001 )0.638 NS
C )0.341 NS )0.750 <0.001 )0.269 NS
D 0.670 <0.05 )0.713 <0.001 )1.423 <0.0001
TVL )0.716 <0.0001 )0.2 NS 0.538 <0.001
PB )0.832 <0.0001 )0.137 NS 0.781 <0.0001
GH )0.216 <0.05 )0.425 <0.05 )0.269 <0.05
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originally designed as an observational study, and
therefore lacked sufficient power to adequately assess the
impact of delivery. A strength of this study is the rela-
tively homogeneous characteristics of the patient popu-
lation. This exclusively nulliparous, active-duty
population was ideal for studying the influence of
pregnancy on pelvic organ support by eliminating the
effect of risk factors such as parity, advancing age, and
obesity [15]. Finally, this study remains unique in that
serial evaluations during pregnancy included first tri-
mester POPQ measurements.

The etiology of pelvic organ prolapse has long been
attributed to parity, but the degree to which it is influ-
enced by pregnancy, labor, or delivery remains unclear.
The natural history of prolapse and the differentiation of
normal from abnormal pelvic organ support are not well
described. Although stage 0 is considered to be ‘‘nor-
mal’’ support, POPQ stage 2 during the third trimester
of pregnancy may not necessarily be pathologic. In this
study, we used the POPQ staging system to describe
pelvic organ support during each trimester of pregnancy
and in the postpartum. We have found that POPQ stage
increases during pregnancy, does not change signifi-
cantly following delivery, but may differ in the post-
partum based on mode of delivery. These findings
illustrate the importance of considering pregnancy itself
as a risk factor in the development of pelvic floor dis-
orders.
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Editorial comment

The authors have performed a perspective observational

study on pregnant women and performed POPQ exam-

inations in each trimester and postpartum. The POPQ

stage differed significantly between the first and third

trimesters and between the first trimester and postpartum.

No change was observed between the third trimester and

postpartum. The mode of delivery was also recorded and

there was no significant change in the POPQ examination

of patients who delivered vaginally as compared to

cesarean section. However, all the patients who underwent

a cesarean section were in labor and the numbers are fairly

low. The authors conclude that pregnancy itself is a risk

factor in the development of pelvic floor disorders. This

study is limited by its size and by the fact that an exam-

ination was not done in each trimester of the pregnancy in

order to assess the progression of the pelvic floor disorder.

It is however an interesting and useful study that may

affect the debate on elective cesarean section for the pre-

vention of pelvic floor disorders.
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