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ABSTRACT

Objective To study possible associations between pelvic
floor muscle contraction, levator ani muscle (LAM)
trauma and/or pelvic organ prolapse (POP) ≥ Stage 2
in parous women recruited from a general population.

Methods This was a secondary analysis of data from a
cross-sectional study of 608 parous women from a general
population examined using the POP quantification
system (POP-Q) and three-dimensional/four-dimensional
transperineal ultrasound for identification of LAM
macrotrauma (avulsion) and microtrauma (distension
of levator hiatal area > 75th percentile on Valsalva
maneuver). Muscle contraction was assessed using
the modified Oxford scale (MOS), perineometry and
ultrasound measurement of proportional change of
anteroposterior hiatal diameter and levator hiatal area at
rest and on pelvic floor muscle contraction. The Mann–
Whitney U-test was used to study associations between
pelvic floor muscle contraction, LAM trauma and POP.

Results Women with macrotrauma (n = 113) had signifi-
cantly weaker median pelvic floor muscle contraction, as
measured using MOS and perineometry, than did women
with an intact LAM (n = 493) (contraction strength was
1.5 (range, 0.0–5.0) vs 3.5 (range, 0.0–5.0) on MOS,
and vaginal squeeze pressure was 15.0 (range, 0.0–78.0)
cmH2O vs 28.0 (range, 0.0–129.0) cmH2O on peri-
neometry; P < 0.001). This was also demonstrated by
ultrasound measurement, with a proportional change
in hiatal area of 19.9% (range, 4.1–48.0%) vs 34.0%
(range, 0.0–64.0%) (P < 0.001) and proportional change
in anteroposterior diameter of 16.2% (range, –5.7 to
42.6%) vs 26.0% (range, –3.4 to 49.4%) (P < 0.001).
No statistically significant difference between women with
(n = 65), and those without (n = 378), microtrauma was
found after excluding women with macrotrauma. Women

Correspondence to: Dr M. Ø. Nyhus, St. Olavs Hospital HF, Postboks 3250 Torgarden, 7006 Trondheim, Norway (e-mail:
maria.o.nyhus@ntnu.no)

Accepted: 16 July 2018

with POP had weaker muscle contraction than those
without; in those with POP-Q ≥ 2 (n = 275) compared
with those with POP-Q < 2 (n = 333), muscle contrac-
tion strength was 3.0 (range, 0.0–5.0) vs 3.5 (range,
0.0–5.0) on MOS, vaginal squeeze pressure was 21.0
(range, 0.0–98.0) cmH2O vs 28.0 (range, 3.0–129.0)
cmH2O on perineometry, proportional change in hiatal
area was 29.6% (range, 0.0–60.9%) vs 33.8% (range,
0.0–64.4%) and proportional change in anteroposterior
diameter was 22.8% (range, –5.7 to 49.4%) vs 25.7%
(range, –3.4 to 49.4%) (P < 0.001 for all).

Conclusions LAM macrotrauma was associated
with weaker pelvic floor muscle contraction measured
using palpation, perineometry and ultrasound. Women
with POP had weaker contraction than did women
without POP. Copyright © 2018 ISUOG. Published by
John Wiley & Sons Ltd.

INTRODUCTION

The levator ani muscle (LAM) plays an important role
in the maintenance of continence and support of the
pelvic organs1. The median part of the LAM surrounding
the urethra, vagina and rectum provides resting tone and
contraction, giving a narrow closure of the urogenital
hiatus that prevents descent of the pelvic organs2. LAM
trauma is detected in about 13–21% of women after
vaginal delivery3–5. Macrotrauma is defined as abnormal
insertion of the muscle into the pubic bone, with uni- or
bilateral loss of muscle attachment6, while microtrauma
is irreversible overdistention of the levator hiatus7. Both
injuries cause enlargement of the levator hiatus and are
therefore associated with an increased risk of pelvic organ
prolapse (POP) later in life8,9.

Impaired muscle contraction is possibly involved
in prolapse development10. An association between

Copyright © 2018 ISUOG. Published by John Wiley & Sons Ltd. ORIGINAL PAPER
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Women invited to
participate
(n = 3115) 

Did not respond
(n = 1474) 

Accepted clinical
examination
(n = 1216)

Excluded (n = 369)†
 Withdrew consent
 (n = 239)

Responded*
(n = 1641)  

Declined clinical
examination

(n = 425)

Attended examination
(n = 608) 

Figure 1 Flowchart of study participants. *Responded to
questionnaire about pelvic floor disorders. †Not invited for clinical
examination according to protocol of parent study (n = 221), lived
too far away (n = 109) or was unable to attend during study period
(n = 39)17.

LAM trauma and altered muscle contraction has been
demonstrated in urogynecological patients and women
after delivery11–15. Different tools have been used to
assess pelvic floor muscle contractility, such as digital
palpation with the modified Oxford scale (MOS) and
vaginal manometry/perineometry. More recently, pelvic
floor ultrasound has been shown to be a valuable
tool for the assessment of muscle contraction13. Studies
following women a few months after delivery have
shown reduced muscle contraction associated with LAM
macrotrauma13,15. Moreover, macrotrauma is associated
with reduced muscle contraction in women with a pelvic
floor disorder11, and women who are unable to contract
their pelvic floor muscles have a high rate of LAM
macrotrauma16. We were unable to find a study on
the association between muscle function, LAM trauma
and anatomical POP in parous women from a general
population.

The aim of this study was to assess possible associations
between pelvic floor muscle contraction, LAM trauma
and/or POP ≥ Stage 2 in parous women from a general
population.

METHODS

This was a secondary analysis of data from a
cross-sectional study in which the primary aim was
to investigate the prevalence of pelvic floor muscle trauma
after different modes of delivery. Women who delivered
their first child at Trondheim University Hospital between
January 1st 1990 and December 31st 1997 were identi-
fied. All women who had a Cesarean section or operative
vaginal delivery, and a similar number of consecutive
women with normal vaginal delivery, from January until

June each year, were invited to participate (Figure 1). All
women signed informed consent prior to inclusion, and
the study was approved by the local regional ethics com-
mittee (REK Midt 2012/666). The study sample size was
based on power calculations for the primary outcome in
the parent study17. Parity and infant birth weight were
obtained from the medical birth registry of Norway and
body mass index (BMI) was self-reported.

A total of 608 women attended for clinical examination.
They were instructed on how to relax and contract
their pelvic floor and perform a Valsalva maneuver
with a duration of 6–8 s18. The women underwent
a gynecological speculum examination with assessment
using the International Continence Society pelvic organ
prolapse quantification system (POP-Q)19; POP-Q Stage
≥ 2 in any compartment was considered clinically
significant.

Muscle strength was assessed by digital palpation using
the examiner’s index and middle fingers intravaginally at
the level of the LAM, approximately 4 cm into the vagina.
The muscle was assessed at rest and during contraction.
Strength on maximum contraction was scored using
the MOS, where 0 is no contraction, 1 is flicker, 2
is weak, 3 is moderate, 4 is good and 5 is a strong
contraction20. The mean MOS score of both sides was
used for analysis. Vaginal squeeze pressure was measured
using perineometry (Camtec AS, Sandvika, Norway). A
balloon connected to a fiber-optic pressure transducer was
placed in the vagina, with the middle of the balloon at the
level of the levator ani21. Each woman performed three
pelvic floor contractions, and the best contraction was
used in the analysis.

Finally, a three/four-dimensional (3D/4D) transperineal
ultrasound scan of the pelvic floor was performed
at rest, on pelvic floor contraction and on Valsalva
maneuver using a Voluson S6 ultrasound machine (GE
Medical Systems, Zipf, Austria) and abdominal 3D probe
(RAB 4–8 MHz). The acquisition angle was set to 85◦

with recording in the midsagittal plane. One examiner
(I.V.), who was blinded to the clinical examination and
identity of the women, performed offline analysis using
4D-View software version 14 (GE Medical Systems).
The ultrasound volumes obtained during the strongest of
three contractions and those in which Valsalva maneuver
caused the most distal displacement of the pelvic organs
were selected for analysis. LAM macrotrauma was defined
as abnormal muscle insertion to the pubic bone in the
three central slices on tomographic ultrasound imaging
(Figure 2)22. Poor image quality or significant artifact led
to exclusion from the analysis.

For the definition of overdistended hiatal area on
Valsalva (microtrauma), the 75th percentile was used
to define the upper limit of the normal range, as this
gave group sizes appropriate for comparison. This gave
an upper cut-off of normal hiatal area on Valsalva of
42 cm2. A smaller hiatal area on Valsalva than at rest,
indicating pelvic floor coactivation, led to exclusion from
the analysis.

Copyright © 2018 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2019; 53: 262–268.
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Figure 2 Tomographic ultrasound images of intact levator ani muscle (LAM) (a–c) and bilateral LAM macrotrauma (d–f) (arrows) in plane
of minimal hiatal dimensions (a,d) and slices 2.5 mm (b,e) and 5.0 mm (c,f) cranial to this.

We measured the anteroposterior (AP) diameter (from
the distal point of the symphysis to the proximal
point of the puborectalis muscle) and hiatal area at
rest and on contraction, in a rendered volume of
1–2 cm thickness (Figures 3 and 4). The proportional
differences in AP diameter and hiatal area were used as
ultrasound measures of contraction, and were calculated
using the formula: 100 × ((measurementrest − measure-
mentcontraction)/measurementrest)

23,24.
Statistical analysis was performed using SPSS version

24 (IBM Corp., Armonk, NY, USA). Normal distribution
was tested for using the Kolmogorov–Smirnov test and
Q–Q plots. All background variables (BMI, age, infant
birth weight and parity) and ultrasound measurements of
contraction were normally distributed, but perineometry
and MOS were not. Difference in background variables
was tested using independent samples t-test between
women with intact and those with injured LAM and
between women with, and those without, POP-Q ≥ 2.
The Mann–Whitney U-test was used to explore associ-
ations of LAM injury and POP-Q ≥ 2 with measures of
pelvic floor muscle contraction, and the chi-square test
was used to test the association between LAM injury and
being unable to contract (MOS score = 0). In addition,

for normally distributed variables (ultrasound measure-
ments), analysis of covariance (ANCOVA) was per-
formed, adjusting for variables that were significantly dif-
ferent between the groups; statistical significance was set
at P < 0.05.

RESULTS

In total, 608 women were examined using POP-Q
and palpation (MOS) and were included in the analysis
(Figure 1). LAM macrotrauma was not possible to
determine for two women because of artifacts, and hiatal
area on Valsalva was measured in 555 women. Vaginal
perineometry was performed in 559 women.

Mean BMI at the time of inclusion was 25.6
(range, 15.9–47.3) kg/m2, mean age was 47.9 (range,
35–64) years and 126 of the 541 (23.3%) women
for whom this information was available were post-
menopausal. Mean ± SD birth weight of the heaviest
infant was 3862 ± 475 (range, 2350–5550) g and par-
ity was 2.2 ± 0.8 (range, 1–5). Background variables and
differences between the groups are outlined in Table 1.
Mode of delivery was normal vaginal for 217/608
(35.7%) women, forceps for 159/608 (26.2%), vac-
uum for 131/608 (21.5%) and Cesarean section for

Copyright © 2018 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2019; 53: 262–268.
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Figure 3 Sonographic images of intact levator ani muscle.
(a,b) Two-dimensional images in midsagittal view in plane of
minimal hiatal dimensions, showing anteroposterior levator hiatal
diameter from distal border of pubic symphysis to puborectalis
muscle (lines) at rest (a) and on contraction (b). (c,d) Three-
dimensional images showing anteroposterior hiatal diameter and
area (solid lines and dotted lines, respectively) at rest (c) and on
contraction (d).

Figure 4 Sonographic images of levator ani muscle macrotrauma.
(a,b) Two-dimensional images in midsagittal view in plane of
minimal hiatal dimensions, showing anteroposterior levator hiatal
diameter from distal border of pubic symphysis to puborectalis
muscle (lines) at rest (a) and on contraction (b). (c,d) Three-
dimensional images showing anteroposterior diameter and hiatal
area (solid lines and dotted lines, respectively) at rest (c) and on
contraction (d).

101/608 (16.6%). LAM macrotrauma was diagnosed in
113 (18.6%) women, overdistended levator hiatus on
Valsalva in 138 (22.7%) and POP-Q ≥ 2 in 275 (45.2%).
The overall median change in AP diameter was 24.3%
(range, –5.7 to 49.4%) and median change in hiatal area
was 31.9% (range, 0.0–64.0%). On maximum contrac-
tion, the overall median strength was 3.0 (range, 0.0–5.0)
on MOS, and vaginal squeeze pressure was 25.0 (range,
0.0–129.0) cmH2O on vaginal perineometry.

The proportion of women unable to contract (MOS
score = 0) was 21/606 (3.5%), of whom 13/21 (61.9%)
had LAM macrotrauma. In contrast, the proportion
of women able to contract (MOS score > 0) was
585/606 (96.5%), of whom 100/585 (17.1%) had LAM
macrotrauma, giving an odds ratio of 7.88 (95% CI,
3.18–19.51) (P < 0.001) for MOS score = 0 in women
with macrotrauma. The median values for the different
measures of pelvic floor muscle contraction (palpation,
perineometry and ultrasound) for women with, and
those without, levator injury and women with, and
those without, POP-Q ≥ 2, with comparisons between
the groups, are shown in Tables 2 and 3, respectively.
All measures demonstrated weaker contraction among
women with LAM trauma (P < 0.001). For women with
an overdistended hiatal area, the difference was not
significant after excluding women with macrotrauma.
Women with POP-Q ≥ 2 in any compartment had weaker
contraction than those with POP-Q < 2. Statistically
significant differences were found in the anterior
and central compartments, but not in the posterior
compartment. For ultrasound measurements, ANCOVA
was used to adjust for age, parity and birth weight, but
these potential confounders had a small effect size and did
not change the results (partial eta squared value < 0.004
and P > 0.14 for all potential confounders).

DISCUSSION

We found significantly weaker pelvic floor muscle
contraction in women with LAM macrotrauma. No
difference in contraction between women with large
and those with normal levator hiatal area on Valsalva was
found after excluding women with macrotrauma. We also
found weaker muscle contraction in women with POP.

Our findings are in line with those of previous studies in
women with a pelvic floor disorder and women examined
soon after delivery, in which MOS-evaluated palpation,
perineometry and different ultrasound measures were
used to assess contraction11–13,15. In contrast to our
results, Guzman Rojas et al.13 found an association
between microtrauma and a weaker contraction assessed
by MOS and ultrasound in primiparae, even after
eliminating women with macrotrauma. However, they
found no association between LAM macrotrauma and
ultrasound measurements of contraction. A possible
explanation is that they used absolute change in
ultrasound measurements, whereas we used proportional
change. We believe it is more appropriate to use
proportional change, as this takes into account the

Copyright © 2018 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2019; 53: 262–268.
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Table 1 Background characteristics of parous women with and those without levator ani muscle trauma and pelvic organ prolapse
quantification system (POP-Q) score ≥ 2

Levator macrotrauma (n = 606) Hiatal area > 42 cm2 (n = 555) POP-Q ≥ 2 (n = 608)

Characteristic No Yes P No Yes P No Yes P

n 493 113 417 138 333 275
BMI (kg/m2) 25.9 ± 4.6 25.4 ± 4.2 0.295 25.8 ± 4.5 26.6 ± 4.8 0.084 25.8 ± 4.6 25.8 ± 4.4 0.839
Age (years) 47.8 ± 5.0 48.8 ± 4.4 0.038 48.2 ± 5.0 47.5 ± 4.4 0.140 48.0 ± 1.8 47.9 ± 4.9 0.951
Parity 2.21 ± 0.83 2.19 ± 0.74 0.790 2.18 ± 0.83 2.3 ± 0.77 0.136 2.1 ± 0.8 2.3 ± 0.8 0.009
BW, heaviest

infant (g)
3854.7 ± 473.2 3888.4 ± 487.6 0.508 3844.7 ± 468.8 3935.3 ± 482.6 0.062 3797.1 ± 461.0 3918.5 ± 481.6 0.004

Data are given as mean ± SD. Data compared using t-test. BMI, body mass index; BW, birth weight.

Table 2 Measurements of pelvic floor muscle contraction in parous women with and those without pelvic floor muscle trauma

Levator macrotrauma (n = 606) Hiatal area > 42 cm2 (n = 555)
Hiatal area > 42 cm2, women

with macrotrauma excluded (n = 443)

Parameter No Yes P No Yes P No Yes P

n 493 113 417 138 378 65
MOS 3.5 1.5 < 0.001 3.0 2.5 < 0.001 3.5 4.0 0.561

(0.0 to 5.0) (0.0 to 5.0) (0.0 to 5.0) (0.0 to 5.0) (0.0 to 5.0) (0.0 to 5.0)
Perineometry 28.0 15.0 < 0.001 27.0 19.0 < 0.001 28.0 24.0 0.130

(cmH2O) (0.0 to 129.0) (0.0 to 78.0) (2.0 to 129.0) (0.0 to 95.0) (2.0 to 129.0) (0.0 to 95.0)
� hiatal AP 26.0 16.2 < 0.001 25.3 19.4 < 0.001 25.7 27.3 0.848

diameter (%) (–3.43 to 49.4) (–5.7 to 42.6) (–4.4 to 49.4) (–5.67 to 46.7) (–3.4 to 49.4) (4.8 to 46.7)
� hiatal 34.0 19.9 < 0.001 32.8 25.1 < 0.001 33.7 34.7 0.541

area (%) (0.0 to 64.0) (4.1 to 48.0) (0.0 to 64.0) (4.1 to 56.7) (0.0 to 64.0) (9.2 to 56.7)

Data presented as median (range). Comparisons made using Mann–Whitney U-test. AP, anteroposterior; MOS, modified Oxford scale.

reduced potential for absolute change in women with
a smaller hiatal area at rest. Furthermore, they examined
a population of primiparous women a few months after
delivery, whereas we examined women 15–23 years after
their first delivery. The supportive tissues and muscles can
behave differently soon after being exposed to strain
during delivery than they do when examined many
years after delivery. In contrast to our results, Nygaard
et al.25 found no reduction in strength in women with
POP, but this conclusion has been contradicted in a
more recent study10. It should be noted that measures
of contraction differ between these studies. We used
the 75th percentile for the definition of overdistended
levator hiatal area on Valsalva, which gave a cut-off of
42 cm2. This is similar to that of Dietz et al.26, who
defined a cut-off of 40 cm2 using receiver–operating
characteristics curves to test hiatal area against prolapse
symptoms.

A strength of the present study was the use of
three different and well-established techniques for the
measurement of pelvic floor muscle contraction (digital
palpation, perineometry and ultrasound). Additionally,
validated methods for diagnosing macrotrauma were
used. Since all the examinations were performed by
one experienced investigator, inter-rater difference was
eliminated. This study included a large number of subjects
compared with previous studies12–15, and we found no
previous studies exploring the association between muscle
function, LAM trauma and anatomical POP in parous
women from a general population.

A limitation of the study is that participants were mainly
Caucasian women from Norway, and studies in different
ethnic populations are needed. Another limitation is the
cross-sectional design. We describe associations between
LAM trauma and muscle function and cannot infer
causality. In addition, women with symptoms of a pelvic
floor disorder might be over-represented, as they are
more likely to respond to questionnaires and attend
an examination. In the parent study, 53% of women
responded to the questionnaire and 72% of women invited
to an examination turned up for their appointment17.
Furthermore, we have no information about the use of
pelvic floor exercise in this population, which might affect
a woman’s ability to contract her pelvic floor muscles.

We found a statistically significant and clinically
relevant association between impaired pelvic floor muscle
contraction, LAM trauma and POP. This implies that
reduced muscle contraction could be a contributor to the
development of POP, as noted in previous studies10,27. No
difference in contraction between women with a large and
those with a normal hiatal area was found after excluding
women with macrotrauma, which implies that the primary
mechanism behind impaired contraction of the pelvic
floor may be macrotrauma. This confirms the findings of
Dietz and Shek11 in a patient population, in which macro-
trauma was associated with a reduction in MOS. Despite
our finding that macrotrauma is associated with an almost
eight-times higher risk of not being able to contract, most
women with LAM trauma still have the ability to contract
the pelvic floor muscles; this implies that these women

Copyright © 2018 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2019; 53: 262–268.
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may benefit from pelvic floor muscle exercise, which
could improve muscle function and relieve symptoms
of pelvic floor disorders28, and postpone or prevent the
development of POP29. Identification of such women
at an early stage may be important. We suggest that
pelvic floor ultrasound should be a part of standardized
gynecological examination a few weeks or months after
the delivery of their firstborn30. The clinical implication of
early detection of LAM trauma is early initiation of pelvic
floor exercise, before development of POP or pelvic floor
dysfunction. We found a different strength of pelvic floor
muscle contraction in women with, compared to those
without, prolapse of the anterior or central compartment,
but not in those with prolapse of the posterior
compartment. This suggests a different mechanism behind
the development of posterior compartment prolapse, as
also suggested by previous work31.

More research is needed to investigate the importance of
pelvic floor function in women with LAM trauma. Studies
have investigated the effect of pelvic floor muscle exercise
on POP symptoms28,29. There is a need to ascertain
if women with LAM trauma can benefit from pelvic
floor muscle exercise. In addition, long-term follow-up of
women with muscle trauma is needed to assess how muscle
contraction and anatomical POP develop over time.

In conclusion, pelvic floor muscle trauma was asso-
ciated with reduced pelvic floor muscle contraction,
but most women with muscle trauma were still able
to contract. Macrotrauma was the main contributor
to impaired contraction. We found weaker contraction
in women with clinically significant POP, and reduced
contraction may contribute to increased risk for POP in
women with LAM trauma.
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CONTRIBUTION

What are the novel findings of this work?
Ultrasound is a reliable method for assessment of
pelvic floor muscle contraction. The best results were
for measurement of two-dimensional anteroposterior
diameter of the levator hiatus, which had a moderate
correlation with contraction assessed by palpation. We
created an ultrasound contraction scale based on this
measurement.

What are the clinical implications of this work?
Ultrasound can be used in a clinical setting to assess pelvic
floor muscle contraction. The ultrasound contraction scale
can be used as a tool for its assessment in the investigation
of pelvic floor disorders and to evaluate the effect of
conservative treatment of urinary incontinence or pelvic
organ prolapse.

ABSTRACT

Objectives To determine intra- and interrater reliability
and agreement for ultrasound measurements of pelvic
floor muscle contraction and to assess the correlation
between ultrasound and vaginal palpation. We also aimed
to develop an ultrasound scale for assessment of pelvic
floor muscle contraction.

Methods This was a cross-sectional study of 195 women
scheduled for stress urinary incontinence (n = 65) or
prolapse (n = 65) surgery or who were primigravid
(n = 65). Pelvic floor muscle contraction was assessed
by vaginal palpation using the Modified Oxford Scale

Correspondence to: Dr M. Ø. Nyhus, St Olavs Hospital HF, Postboks 3250 Torggarden, N – 7006 Trondheim, Norway
(e-mail: maria.o.nyhus@ntnu.no)
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(MOS) and by two- and three-dimensional (2D/3D)
transperineal ultrasound. Proportional change in 2D and
3D levator hiatal anteroposterior (AP) diameter and 3D
levator hiatal area between rest and contraction were
used as measures of pelvic floor muscle contraction.
One rater repeated all ultrasound measurements on
stored volumes, which were used for intrarater reliability
and agreement analysis, and three independent raters
analyzed 60 ultrasound volumes for interrater reliability
and agreement analysis. Reliability was assessed using
the intraclass correlation coefficient (ICC) and agreement
using Bland–Altman analysis. Tomographic ultrasound
was used to identify women with major levator injury.
Spearman’s rank correlation coefficient (rS) was used to
assess the correlation between ultrasound measurements
of pelvic floor muscle contraction and MOS score. The
proportion of women allocated to each category of
muscle contraction (absent, weak, moderate or strong)
by palpation was used to determine the cut-offs for the
ultrasound scale.

Results Intrarater ICC was 0.81 (95% CI, 0.74–0.85) for
proportional change in 2D levator hiatal AP diameter.
Interrater ICC was 0.82 (95% CI, 0.72–0.89) for
proportional change in 2D AP diameter, 0.80 (95% CI,
0.69–0.88) for proportional change in 3D AP diameter
and 0.72 (95% CI, 0.56–0.83) for proportional change
in hiatal area. The prevalence of major levator injury
was 22.6%. The strength of correlation (rS) between
ultrasound measurements and MOS score was 0.52 for
2D AP diameter, 0.62 for 3D AP diameter and 0.47
for hiatal area (P < 0.001 for all). On the ultrasound
contraction scale, proportional change in 2D levator

Copyright © 2019 ISUOG. Published by John Wiley & Sons Ltd. ORIGINAL PAPER
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hiatal AP diameter of < 1% corresponds to absent,
2–14% to weak, 15–29% to normal and > 30% to
strong contraction.

Conclusions Ultrasound seems to be an objective and
reliable method for evaluation of pelvic floor muscle
contraction. Proportional change in 2D levator hiatal AP
diameter had the highest ICC and moderate correlation
with MOS score assessed by vaginal palpation, and we
constructed an ultrasound scale for assessment of pelvic
floor muscle contraction based on this measure. Copyright
© 2019 ISUOG. Published by John Wiley & Sons Ltd.

INTRODUCTION

The levator ani muscle surrounds the urethra, vagina
and rectum. It provides resting tone and contraction and
a narrow closure of the levator hiatus, which prevents
pelvic organ prolapse1,2. Obstetric levator trauma is a
risk factor for prolapse later in life3–5. Although women
with levator trauma have impaired muscle function, they
still have the ability to contract and can benefit from
pelvic floor exercise6, which is effective for prevention and
treatment of stress urinary incontinence and prolapse7–9.
Different tools can be used to investigate pelvic floor
muscle contraction and activity, such as digital palpation,
vaginal manometry and surface-electromyography10–12.
All methods have disadvantages, and there is no gold
standard for assessment of pelvic floor muscle contraction
despite recommendations that it should be performed in
women with pelvic floor dysfunction2,11.

Three- and four-dimensional (3D/4D) transperineal
ultrasound has become a method for evaluation of pelvic
floor anatomy and function, and some studies have
suggested that ultrasound can be used for assessment
of contraction with good interrater reliability and
correlation with conventional methods13–18. A previous
study suggested a contraction scale for 3D levator
hiatal anteroposterior (AP) diameter based on data
from parous women from the general population10.
Two-dimensional (2D) ultrasound, however, is easier and
less time-consuming16,19,20. Measures of levator hiatal AP
diameter and bladder neck displacement have been shown
to have a weak to moderate correlation with the Modified
Oxford Scale (MOS) assessed by palpation15,17. There
is a lack of studies regarding the intra- and interrater
reliability of 2D levator hiatal AP diameter as a measure
of contraction and, to our knowledge, there is no existing
ultrasound scale for the assessment of contraction that
has been validated in patient populations.

The objective of this study was to determine intra-
and interrater reliability and agreement for 2D- and
3D-ultrasound measurements of pelvic floor muscle
contraction, and to assess the correlation between
ultrasound and vaginal palpation for assessment of muscle
contraction in primigravidae and women with a pelvic
floor disorder. We also aimed to develop an ultrasound
scale for measurement of pelvic floor contraction for use
in a clinical setting, based on data from these women.

METHODS

This was a cross-sectional study based on baseline data
from a randomized controlled trial exploring the effect
of pelvic floor exercise on pelvic floor function in women
scheduled for pelvic organ prolapse surgery at Trondheim
University Hospital, Norway, from January 2017 to June
2018 (clinicaltrials.gov, NCT03064750). In addition, we
included women undergoing stress urinary incontinence
surgery and primigravidae, as pelvic floor exercise is
routinely recommended to these groups.

Power calculation was based on the assumption that
the correlation between ultrasound and palpation in
each of the three study groups (women with prolapse,
those with incontinence and primigravidae) would be the
same as in the general population of parous women,
as assessed by Spearman’s rank correlation coefficient
(rS = 0.7)10. We assumed a bivariate normal distribution
with Pearson’s correlation coefficient (r) of 0.7 for
palpation and ultrasound measurements and needed 63
participants in each group to identify 0.5 < r < 0.9 with
80% power and a significance level of 0.05. This was
rounded up to 65 women in each group.

Women with prolapse were recruited from the
outpatient clinic at Trondheim University Hospital and
examined at the time of referral for surgery. Women
with incontinence were identified in the operation
planner program (OP-Plan Pluss, Helse Midt-Norge,
Trondheim, Norway) and examined on the day of surgery.
Primigravidae were recruited at the time of their routine
ultrasound examination at 17–21 weeks’ gestation and
were examined within a few weeks. Eligibility criteria
were age over 18 years, ability to consent and fluency
in the Norwegian or English language. Informed consent
was obtained from all participants and the study was
approved by the Regional Committee for Medical and
Health Research Ethics (REK midt 2015/1751).

Women were examined in the supine position with hips
and knees semi-flexed and with an empty bladder and
bowel. Pelvic organ prolapse was measured according to
the Pelvic Organ Prolapse Quantification (POP-Q) system
and prolapse stage ≥ 2 was recorded as significant21.
Muscle contraction was assessed using palpation and
3D/4D transperineal ultrasound. Women were thor-
oughly instructed on how to contract their pelvic floor
prior to the examination. Palpation was performed by one
of three experienced examiners (M.Ø.N., S.M., I.V.). For
reliability analysis, 57 women were assessed by two exam-
iners blinded to each other’s findings. The examination
was performed using two fingers at the level of the levator
ani muscle, approximately 4 cm into the vagina. Pelvic
floor muscle contraction was evaluated by the MOS,
where 0 = no contraction and 5 = maximum contraction,
and the mean of both sides was used for analysis.

Ultrasound examination was performed using a Volu-
son S10 or E8 ultrasound machine (GE Healthcare,
Zipf, Austria) with a RAB 4–8-MHz curved array trans-
ducer placed in the midsagittal plane at 85◦ acquisition
angle. Ultrasound volumes were recorded at rest and on
maximum contraction in a series of three contractions.

Copyright © 2019 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2020; 55: 125–131.
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Offline analysis was performed by M.Ø.N. (Rater 1)
6–12 months later using 4D View version 14 (GE Health-
care) and was repeated after a further 3–6 months.
Sixty volumes selected randomly were analyzed by
two additional investigators (I.V. (Rater 2) and S.H.O.
(Rater 3)) and all investigators were blinded to clini-
cal information. First, levator hiatal AP diameter was
measured on the 2D image in the midsagittal plane
from the most inferior margin of the pubic symph-
ysis to the most medial margin of the puborectalis
muscle (Figure 1). Levator hiatal AP diameter and area
were then measured in the 3D rendered volume in the
plane of minimal hiatal dimensions (Figure 1)22. All mea-
surements were performed at rest and on maximum
contraction. The proportional change in contraction
from at rest to on maximum contraction was calcu-
lated for all ultrasound measurements using the for-
mula: 100 × [(measurementrest − measurementcontraction)/
measurementrest]10. Major levator trauma was diagnosed
using tomographic ultrasound imaging, and was defined
as abnormal insertion of the levator ani muscle on the
pubic bone in all three central slices on one or both sides23.

Statistical analysis

Statistical analysis was performed using SPSS Statistics
version 25 (IBM Corp., Armonk, NY, USA). Normality
of distributions was assessed using Q–Q plots and the
Kolmogorov–Smirnov test.

For analysis of intrarater reliability for ultrasound mea-
surements, we used the intraclass correlation coefficient
(ICC) two-way mixed effects, absolute agreement model.
To determine interrater reliability, we used the ICC
two-way random effects, absolute agreement model,
applying both the mean of three raters and single
measurements24. The following ICC cut-offs were
applied: < 0.20 = poor reliability, 0.20–0.40 = fair reli-
ability, 0.41–0.60 = moderate reliability, 0.61–0.80 =
good reliability and > 0.80 = excellent reliability25.
Bland–Altman plots with 95% limits of agreement
for means and differences between measurements of
proportional change in 2D levator hiatal AP diameter
were constructed for analysis of intrarater agreement and
interrater agreement between pairs of raters (Raters 1
and 2 and Raters 1 and 3)26. Linear regression analysis
was performed using the difference in measurements
between the two raters as the outcome and the average
of the two raters as an explanatory variable to determine

Figure 1 2D (a,b) and 3D (c–f) ultrasound images of pelvic floor, showing measurements of levator hiatal anteroposterior diameter ( )
from inferior margin of pubic symphysis to medial margin of puborectalis muscle at rest (a,c) and on contraction (b,d), and levator hiatal
area ( ) at rest (e) and on contraction (f).

Copyright © 2019 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2020; 55: 125–131.
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if the difference in measurements is independent of the
average. Interrater analysis was performed for MOS
score between pairs of raters.

Spearman’s rank correlation was used for analysis of
the correlation between MOS score assessed by palpation
and ultrasound measurements of contraction. A higher rS

value indicates a stronger correlation: 0 = no correlation;
> 0.3 = weak correlation; > 0.5 = moderate correlation;
> 0.7 = strong correlation; 1 = perfect correlation10.

For development of the ultrasound contraction scale,
the ultrasound measure with the highest ICC value was
used. The International Continence Society (ICS) has
recommended categorization of pelvic floor muscle con-
traction as absent, weak, normal or strong2. Women
were categorized based on MOS score assessed by vaginal
palpation, using the following definitions: 0 = absent,
0.5–2.0 = weak, 2.5–4.0 = normal and 4.5–5.0 = strong
contraction. For development of the ultrasound con-
traction scale, cut-offs of the ultrasound variable were
determined based on the proportion of women catego-
rized into each of the four groups. Using the chi-square
test, the proportion of women with major levator injury
was calculated and compared between women with
absent to weak contraction and those with moderate
to strong contraction. Additional analysis was performed
in which cut-offs were instead based on percentiles of
the ultrasound variable (0% change = absent, < 25th per-
centile = weak, 25–75th percentile = normal and > 75th

percentile = strong contraction). The level of statistical
significance was set at 0.05.

RESULTS

A total of 195 women were included in this study,
of whom 65 were scheduled for pelvic organ prolapse
surgery, 65 were scheduled for stress urinary incontinence
surgery and 65 were primigravid. Background character-
istics and clinical findings in each group are presented
in Table 1. All women scheduled for prolapse surgery
had POP-Q stage ≥ 2, 52 (80%) of whom had anterior
compartment prolapse, 24 (37%) had central compart-
ment prolapse and 17 (26%) had posterior compartment
prolapse. Twenty-eight (43%) women had significant pro-
lapse involving two compartments.

When considering proportional change in ultrasound
measures of pelvic floor muscle contraction between rest
and maximum contraction, 2D levator hiatal AP diameter
had the highest interrater ICC value (Table 2). Intrarater
ICC values for proportional change in 2D AP diameter are
presented in Table 3 and intra- and interrater agreement
are shown in Bland–Altman plots (Figure 2). Linear
regression analysis showed that the difference in mea-
surements of proportional change in 2D levator hiatal AP
diameter between raters was independent of the average
of the measurements for both Raters 1 and 2 (P = 0.87)
and Raters 1 and 3 (P = 0.33). The ICC for MOS score
was 0.93 for Raters 1 and 2 and 0.92 for Raters 1 and 3.

Table 1 Background characteristics of women scheduled for pelvic organ prolapse or stress urinary incontinence surgery and primigravidae

Characteristic
Prolapse
(n = 65)

Stress urinary incontinence
(n = 65)

Primigravid
(n = 65)

Total
(n = 195)

Age (years) 63.9 ± 11.4 (34–83) 50.1 ± 9.3 (32–76) 29.1 ± 4.0 (19–39) 47.7 ± 16.8 (19–83)
Parity 2.5 ± 0.7 (1–4) 2.6 ± 0.93 (1–5) 0 ± 0 (0–0) 1.7 ± 1.4 (0–5)
Body mass index (kg/m2) 25.4 ± 3.6 (19.8–33.2) 26.3 ± 4.5 (18.5–37.2) 23.3 ± 3.5 (17.8–35.4) 25.0 ± 4.1 (17.8–37.2)
MOS score* 2.1 ± 1.2 (0–5) 3.5 ± 1.2 (0–5) 3.9 ± 0.9 (1–5) 3.2 ± 1.3 (0–5)
POP-Q stage ≥ 2 65 (100) 5 (7.7) 0 (0) 70 (35.9)
Major levator trauma 34 (52.3) 10 (15.4) 0 (0) 44 (22.6)

Data are given as mean ± SD (range) or n (%). *Score can range from 0 to 5. MOS, Modified Oxford Scale; POP-Q, Pelvic Organ Prolapse
Quantification.

Table 2 Interrater reliability of measurements of levator hiatal anteroposterior (AP) diameter and area in 57 ultrasound volumes*

Rater ICC (95% CI)

Measurement 1 2 3 Single rater Average of raters

AP diameter on 2D US (cm)
At rest 5.9 ± 1.0 5.9 ± 0.9 5.7 ± 0.9 0.83 (0.75–0.89) 0.94 (0.90–0.96)
On contraction 4.6 ± 0.9 4.7 ± 0.9 4.5 ± 0.9 0.82 (0.73–0.88) 0.93 (0.89–0.96)

Proportional change (%) 21.1 ± 8.5 21.4 ± 8.7 22.5 ± 9.5 0.61 (0.47–0.73) 0.82 (0.72–0.89)

AP diameter on 3D US (cm)
At rest 6.3 ± 0.9 6.3 ± 0.9 5.8 ± 0.9 0.77 (0.54–0.88) 0.91 (0.78–0.96)
On contraction 5.0 ± 1.0 5.0 ± 1.0 4.6 ± 0.9 0.79 (0.60–0.89) 0.92 (0.82–0.96)

Proportional change (%) 19.6 ± 9.0 21.0 ± 9.0 20.5 ± 8.7 0.57 (0.43–0.70) 0.80 (0.69–0.88)

Area on 3D US (cm2)
At rest 21.8 ± 7.2 22.0 ± 6.4 18.9 ± 5.5 0.77 (0.59–0.87) 0.91 (0.81–0.95)
On contraction 16.0 ± 5.7 16.5 ± 6.2 13.4 ± 4.7 0.79 (0.62–0.88) 0.92 (0.83–0.96)

Proportional change (%) 26.2 ± 11.4 26.0 ± 12.5 26.7 ± 12.3 0.46 (0.30–0.61) 0.72 (0.56–0.83)

Measurements given as mean ± SD. *Three volumes excluded due to poor quality. ICC, intraclass correlation coefficient; US, ultrasound.
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Table 3 Intrarater reliability of measurements of levator hiatal anteroposterior (AP) diameter measured by Rater 1 in 192 two-dimensional
ultrasound images*

ICC (95% CI)

Measurement Test Retest Single measurement Average of measurements

AP diameter (cm)
At rest 6.0 ± 1.0 6.0 ± 0.9 0.87 (0.83–0.90) 0.93 (0.91–0.95)
On contraction 4.8 ± 0.9 4.8 ± 1.0 0.86 (0.82–0.89) 0.93 (0.90–0.94)

Proportional change (%) 19.7 ± 9.8 19.1 ± 9.0 0.67 (0.59–0.74) 0.81 (0.74–0.85)

Measurements given as mean ± SD. *Three volumes excluded due to poor quality. ICC, intraclass correlation coefficient.
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Figure 2 Bland–Altman plots of proportional change in levator
hiatal anteroposterior (AP) diameter measured using two-dimen-
sional ultrasound, showing intraobserver agreement (a) and
interobserver agreement between Raters 1 and 2 (b) and Raters 1
and 3 (c). Solid lines represent mean difference and dashed lines
represent 95% limits of agreement.

Spearman’s rank test showed a weak to moderate
correlation between MOS score and proportional change
in hiatal area (rS = 0.47, P < 0.001) and 3D AP diameter
(rS = 0.62, P < 0.001). The correlation was moderate
between MOS score and proportional change in 2D
levator hiatal AP diameter (rS = 0.52, P < 0.001).

Table 4 Ultrasound scale for assessment of pelvic floor muscle
contraction based on proportional change in levator hiatal antero-
posterior (AP) diameter between rest and maximum contraction,
measured using two-dimensional ultrasound

Contraction
scale

MOS
score n (%)

Proportional change
in AP diameter (%)*

Absent 0 3 (1.5) ≤ 1
Weak 0.5–2.0 50 (25.7) 2–14
Normal 2.5–4.0 108 (55.4) 15–29
Strong 4.5–5.0 34 (17.4) ≥ 30

*Cut-offs of proportional change in AP diameter based on
proportion of women allocated to each category of contraction
according to Modified Oxford Scale score assessed by vaginal
palpation.

The ultrasound contraction scale for proportional
change in 2D levator hiatal AP diameter based on the
proportion of women allocated to each category of pelvic
floor muscle contraction according to MOS score is
presented in Table 4. Using percentiles of proportional
change in 2D AP diameter to determine cut-offs, the ultra-
sound contraction scale was as follows: absent = 0; weak
(< 25th percentile) = 1–13%; normal (25th –75th per-
centile) = 14–26%; strong (> 75th percentile) = ≥ 27%.
The prevalence of major levator trauma in the overall
study population was 22.6% (44/195), and was 52.3% in
the prolapse group. In women with absent to weak con-
traction, levator trauma was significantly higher (41%;
24/59) than in those with moderate to strong contraction
(14%; 19/135) (OR, 4.2; 95% CI, 2.1–8.5; P < 0.001).

DISCUSSION

This study found good intra- and interrater reliability and
agreement for ultrasound measurements of pelvic floor
muscle contraction, with proportional change in 2D lev-
ator hiatal AP diameter having the highest ICC. Weak to
moderate correlation was found between ultrasound mea-
surements of contraction and MOS score assessed by pal-
pation. We used proportional change in 2D levator hiatal
AP diameter to construct an ultrasound contraction scale.

The prevalence of major levator trauma in the overall
study population was 22.6%, and was 52.3% in the
prolapse group. This high prevalence is in agreement with
that in previous publications in women with pelvic organ
prolapse scheduled for surgery27,28. Previous publications
have found that women with major levator trauma had
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reduced pelvic floor contraction compared with those
without trauma6,29. Additionally, in the present study,
we found a 3-fold increased prevalence of major levator
trauma among women with absent to weak contraction
compared with those with moderate to strong contraction.

Most previous intra- and interrater reliability studies on
ultrasound assessment of pelvic floor muscle contraction
have compared measurements taken either at rest or on
contraction22,30–33, and only a few have compared the
change between rest and contraction29. In the present
study, the ICC was also found to be higher for absolute
measurements than the proportional change between
rest and contraction. The ICC values were similar to
those found in other studies in which primigravidae or
volunteers were assessed by two raters22,30,31,33. Most
previous studies do not indicate which type of ICC was
used and include only two raters, which complicates
comparison with other studies. A strength of this
study is that ICC was calculated for both the average
measurements of three raters and single measurements.

Overall, we found a higher ICC for 2D than for 3D
measurements, indicating that 2D measurements are
easier to perform. For proportional change in 2D levator
hiatal AP diameter, the ICC of 0.81 for intrarater reliabil-
ity indicates excellent reliability. The ICC (average of the
three raters) of 0.82 implies excellent agreement between
the raters in this population25, and is higher than the ICC
(average of two raters) of 0.77 found in another recent
publication29. The ICC (single measurement) of 0.61,
providing information on the performance of the test
in a clinical setting in which one examiner assesses one
woman, is good, and the method is acceptable to use in
such settings.

Previous studies have explored the association between
change in ultrasound measurements and other measures
of pelvic floor contraction10,16,34. There is no gold
standard for assessment of pelvic floor contraction,
and hence there is no standard against which to
validate a contraction scale. The moderate level of
correlation between MOS score assessed by palpation and
ultrasound measurements could be a result of error due
to methodological disadvantages of palpation, as implied
by earlier studies10,11. The examiner’s experience and
subjective interpretation during palpation might affect the
results. Ultrasound reduces such sources of error, making
ultrasound assessment more objective.

Furthermore, a live scan can be used as biofeedback to
teach proper pelvic floor contraction and identify sources
of error, allowing correction of co-activation or Valsalva
during contraction19,20.

The combination of analysis of intra- and interrater
reliability and agreement of ultrasound measures and
analysis of the correlation between ultrasound and
palpation add strength to this study.

Women with prolapse or incontinence and primigravi-
dae selected for this study represent groups of women for
whom healthcare providers recommend intensive pelvic
floor muscle training. This makes the results transferable
to the clinical setting in urogynecology and obstetrics.

The study design and study population provide high
internal and external validity. Women scheduled for pro-
lapse surgery were invited to participate regardless of age,
prolapse stage and the affected compartment or surgi-
cal technique planned. The population is heterogeneous,
and the results can be generalized to a similarly diverse
population in a clinical setting.

The ultrasound contraction scale suggested in this
study has the potential to become the standard for
assessment of pelvic floor contraction in a clinical setting
as ultrasound machines with a 2D abdominal probe
are readily available in most gynecological and obstetric
units. The method has low costs, is easy to learn, is
not time-consuming, is non-intrusive to the woman,
and can be used for biofeedback and teaching pelvic
floor exercise. The cut-offs coincide with a previously
published scale using proportional change in 3D levator
hiatal AP diameter, constructed using data from a general
population of parous women10. When applying the 25th

and 75th percentiles of proportional change in 2D levator
hiatal AP diameter without comparison to MOS, we
found almost identical cut-offs, strengthening their clinical
applicability. Still, we recognize that further studies are
needed to standardize and validate the clinical use of
ultrasound for assessing pelvic floor muscle function.

One limitation of this study is the possibility of
selection bias. Women interested in health issues and
those with severe symptoms are more likely to participate
in studies35. Women interested in pelvic floor exercise
are also more likely to participate, while those who have
trained their pelvic floor without experiencing any effect
are more likely to decline participation. The examiners
were blinded to medical history and anatomical findings,
but the ultrasound volumes reveal important information
about the women. The fetus in pregnant women and
bulking agents or tension-free vaginal tapes might be vis-
ible in the ultrasound volumes. In women with prolapse,
the anatomical changes are obvious in some volumes.

In conclusion, ultrasound seems to be an objective
and reliable method for evaluation of pelvic floor
contraction with good ICC. The highest ICC was found
for proportional change in 2D levator hiatal AP diameter.
2D ultrasound is readily available and constitutes a
low-cost examination with minimal discomfort for the
woman. Proportional change in 2D levator hiatal AP
diameter can be used as a new, more objective measure of
pelvic floor muscle contraction. The proposed contraction
scale may be useful for the decision-making process in a
clinical setting, to evaluate conservative treatment, or to
individualize timing of surgical intervention for women
with pelvic floor dysfunction.
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Contribution: 

What are the novel findings? 

We found no additional effect of preoperative pelvic floor muscle training on contraction, 

symptomatic or anatomical prolapse after surgery, but overall, contraction, anatomical 

findings and symptoms improved over time.   

What are the clinical implications? 

We found no evidence to support the introduction of pelvic floor muscle training as a standard 

supplement to pelvic organ prolapse surgery. Contraction of the pelvic floor improved after 

surgery, most likely due to the anatomical correction of the prolapse. 
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Abstract  

 

Objective To evaluate the effect of preoperative pelvic floor muscle training (PFMT) on 

pelvic floor contraction, symptoms and anatomical pelvic organ prolapse (POP) six months 

after surgery and to study overall changes in contraction, symptoms and anatomy after 

surgery.  

Methods Randomized controlled trial. Women scheduled for POP surgery (n=159) were 

randomized to intervention including daily PFMT from inclusion to surgery (n= 81) or control 

(n=78). Participants were examined at inclusion, day of surgery and after six months. Pelvic 

floor muscle contraction was assessed with palpation using the Modified Oxford Scale (MOS) 

(0-5), vaginal manometry, surface-EMG, and transperineal ultrasound measuring proportional 

change in levator hiatal anteroposterior diameter from rest to contraction. POP distance from 

hymen in most dominant compartment was measured, and sensation of vaginal bulge was 

graded using a visual analogue scale (VAS) (0-100). Mixed models were used for statistics.  

Results 151 women completed the study. Mean waiting time for surgery was 22 weeks and 

follow-up was 28 weeks after surgery. No difference between intervention vs control group 

was found for palpation (MOS): 2.4 vs 2.2, p= 0.101, manometry (cmH2O): 19.4 vs 19.7, p= 

0.793, surface-EMG (mV): 33.5 vs 33.1, p= 0.793, ultrasound (% change): 20.9 vs 19.3, 

p=0.211, POP distance from hymen (cm): -1.8 vs -2.0, p = 0.556 or bulge sensation (VAS): 

7.4 vs 6.0, p = 0.598. Overall, contraction improved after surgery: palpation (MOS) 2.1 vs 

2.3, p = 0.007 and ultrasound (% change) 17.5 vs 20.1, p = 0.001.  POP distance from hymen 

(cm) 1.9 vs -1.9, p< 0.001 and bulge sensation (VAS) 57.6 vs 6.7, p < 0.001 were reduced. 

Conclusion We found no effect of preoperative PFMT on contraction, symptomatic or 

anatomical prolapse after surgery. Over all, contraction and symptoms improved over time, 

most likely explained by the anatomical correction of POP after surgery.  



 

Introduction 

Pelvic organ prolapse (POP) is a common condition which represents an economical burden 

for the society and has great impact on quality of life for the women affected.1 Anatomical 

prolapse is diagnosed in up to 50 % of parous women, of which 20% report symptoms.2 Up to 

20% of women undergo POP surgery during lifetime,3, 4 however the recurrence rate after 

primary surgery is high.5 A weak pelvic floor is associated with recurrence after surgery.6  

Major levator ani muscle trauma is a risk factor for weaker muscle contraction, 7, 8 and for 

recurrence of prolapse after primary surgery.5 Synthetic mesh has been popular in recurrence 

surgery, but is less used today due to complications.9-11 There is a need to improve surgical 

outcome of POP surgery without use of synthetic mesh.  

 Pelvic floor muscle training (PFMT) is effective for prevention and treatment of mild 

to moderate prolapse,12-15 and previous studies have aimed to investigate effects of 

perioperative PFMT combined with lifestyle advice on symptoms, anatomical success and 

muscle contraction after surgery.3, 16-22 Despite these findings, reviews and meta-analysis 

conclude that the effect of PFMT as a supplement to prolapse surgery needs further 

investigation3, 21, 23. Furthermore, previous publications have focused on peri-operative and 

not pre-operative PFMT, and there is a lack of studies evaluating the impact on pelvic floor 

muscle contraction assessed by ultrasound. In addition, a possible effect of POP surgery on 

measures of pelvic floor muscle contraction needs further evaluation, as the evidence is 

unclear.24  

 The aim of this study was to evaluate the effect of preoperative PFMT on pelvic floor 

contraction, symptoms and anatomical POP six months after surgery and to study overall 

changes in symptoms, anatomy and contraction after surgery.  

 



 

Method 

We conducted a randomized controlled trial including women scheduled for POP surgery at 

Trondheim University Hospital, Norway, from January 2017 to March 2019. Eligibility 

criteria were indication for POP surgery defined as symptomatic POP stage two or larger, age 

over 18 years, ability to consent, and understanding Norwegian or English language. Women 

were invited to participate when they were referred to surgery by one of the hospital´s 

urogynecologists. The study was approved by the Regional Ethics Committee (REK midt 

2015/1751), and the women signed an informed consent at the inclusion visit. The study was 

registered in clinicaltrials.gov with the identifier NTC0364750.  

 At the inclusion visit, women were randomized to intervention or control by a 

web-based randomization tool (WebRAND) provided by Unit for Applied Clinical Research, 

Norwegian University of Science and Technology, NTNU. The allocation ratio was 1:1 and 

participants were stratified by POP stage two or three to four and age over and under 60 years. 

The data was entered into a web-based case report form (WebCRF). Surgery was planned 

three months after inclusion. This was the expected waiting time for surgery at Trondheim 

University Hospital during the study period. Time to surgery was not influenced by group 

allocation. A postoperative follow-up was planned six months after surgery. Primary 

outcomes were pelvic floor contraction assessed by palpation, ultrasound, vaginal manometry 

and surface electromyography (EMG),  and symptomatic POP assessed by a visual analogue 

scale (VAS). A secondary outcome was anatomical POP.25-27   

 The intervention consisted of intensive PFMT in the period between inclusion and 

surgery. Women in the intervention group received an information leaflet and were 

encouraged to perform daily training with 8-12 contractions with duration 6-8 seconds in 3 

sets.28 They received information of prevention and treatment of obstipation and proper 



emptying of bladder and bowel.29 They were also instructed to perform pelvic floor 

contraction in situations leading to increased intraabdominal pressure (sneeze, lifting, 

coughing) and to avoid straining when defecating. They had personal visits with a dedicated 

pelvic floor physiotherapist after two and six weeks where a vaginal examination was done to 

ensure proper contraction of the pelvic floor muscles. Women were offered optional weekly 

PFMT in groups with the dedicated physiotherapist. Training adherence was recorded in a 

training diary collected on the day of surgery. Women who failed to deliver a diary were 

interviewed by telephone. Adequate adherence to the intervention program was defined as 70 

% fulfilment of the scheduled training program.30 Women in the control group waited for 

surgery with no intervention. Postmenopausal women in both groups started local estrogen 

therapy if not contraindicated (e.g. ongoing treatment with aromatase inhibitor for breast 

cancer).  

Choice of surgical procedure was made according to the department´s practice, based 

on type and grade of prolapse, compartments involved and whether prior surgery had been 

done. Possible procedures for anterior and posterior compartments were colporrhaphy, 

perineorrhaphy and correction of enterocele. For the central compartment shortening and 

displacement of cardinal and sacrouterine ligaments followed by cervical amputation, vaginal 

hysterectomy, sacrospinous ligament fixation, laparoscopic sacrouteropexy or -colpopexy 

were possible. Type of procedure and frequency of peri- and postoperative complications 

were registered.   

All women were examined by one of three investigators (MØN/SM/IV) at the 

inclusion, the day of surgery and the post-operative follow-up. The examiner was not blinded 

for group allocation on the day of surgery or post-operative visit. Women were instructed in 

emptying bladder and bowel and they were thoroughly instructed in pelvic floor contraction 

and how to perform proper Valsalva.  



Assessment of muscle contraction by palpation was performed with two fingers at the 

level of the levator ani muscle muscle aproximately 4 cm into the vagina, and the contraction 

was assessed using the 6-point Modified Oxford Scale with a range from 0 to 5.31  Muscle 

contraction on both sides were evaluated, and the mean value was used in the analysis.  We 

used Peritron® manometer with a vaginal probe for manometry. The probe with a sensor was 

placed in the vagina at the level of the levator ani muscle and the woman performed series of 

three contractions of three seconds duration. The peak value of the strongest contraction was 

used in the analysis. The electromyography (EMG) device Neurotrac ETS® with the 

Periform® vaginal surface electrode was used to collect the electromyographic data. The 

probe with electrodes on the lateral sides was placed in the vagina with the electrodes at the 

level of the levator ani muscle aproximately 4 cm into the vagina. Women were instructed to 

contract in series of three contractions with a duration of three seconds. We used the mean 

value in the analysis.  

 Ultrasound examination was performed using a Voluson GE S10 or E8 device with a 

RAB 4-8 MHz curved array transducer. The transperineal examination was performed in the 

midsagital plane with an acquition angle set at 85°. Three 3D/4D volumes were recorded from 

rest to maximal contaction and three volumes at Valsalva. Offline analyses were performed 6-

12 months after recording using 4D view. One examiner (MØN) analysed the volumes 

blinded to clinical information. Major levator trauma was diagnosed using tomographic 

ultrasound and defined as an abnormal insertion of the levator ani muscle to the pubic bone in 

the three central slices, either uni- or bilateral.32 Contraction was measured using the 

proportional change in levator hiatal anteroposterior diameter between rest and contraction as 

described previously: 100 x [(measurement rest-measurement contraction)/measurement rest].33, 34  

The women answered yes/no to a question of whether they experienced a sensation of 

vaginal bulge, and if yes, they marked the grade of bother on a VAS ranging from 0 to 100 



mm.27 A positive response at the postoperative visit was registered as symptomatic 

recurrence.  

POP was assessed in lithotomy position using the pelvic organ prolapse quantification 

system (POP-Q) at maximal Valsalva.35 We included measurements from the anterior (Ba), 

central (C) and posterior (Bp) compartments in the analysis. The value from the most 

dominent compartment was recorded as a separat variable. Postoperativ POP stage ≥ 2 in the 

compartment undergoing surgery was interpreted as recurrence, and POP stage ≥ 2 in a 

different compartment was interpreted as new POP.  

Power calculation was performed based on data from previous studies on parous 

women from the general population where contraction assessed by MOS was 3.1, SD 1.3, 33 

and women with pelvic floor dysfunction with MOS between 2.2 and 2.6.36-38 We anticipated 

that women scheduled for POP surgery had MOS 2.6, SD 1.3, and assumed that a clinically 

relevant change in MOS at six months follow up was MOS 3.2, SD 1.3. With power 80%, p= 

0.05 and sampling ratio1:1, a study sample of 74 women in each group would be sufficient. 

 Statistical analysis was performed using Statistical Package for the Social Sciences 

(SPSS) version 25. Analysis was performed according to the intention-to-treat principle. 

Normality was assessed using histograms and QQ plots. Level of statistical significance was 

set at 5%.  

Differences between women accepting and declining randomization were compared 

with t-test (age, contraction evaluated by palpation and ultrasound) and Chi square test 

(previous POP surgery).  

We used linear mixed models to test the effect of the intervention on continuous 

outcome variables with a five-point combined variable for time and group status as fixed 

effects (baseline: entire study population, day of surgery: intervention and control, 

postoperative control: intervention and control). The model included restricted maximum 



likelihood estimation and unstructured covariance. The effect of the stratification variables 

(age and POP stage) was tested and no effect was found. Hence, these variables were 

excluded from the analysis.  Any need to include other background variables as covariates 

was excluded since these were similar across the groups at baseline.  We also examined a 

possible change in the total study population, with time as fixed effect 

Finally, the proportion of women with improved contraction, symptomatic and 

anatomical improvement, symptomatic and anatomical recurrence and POP >2 in a new 

compartment was calculated and compared between the intervention and control groups at the 

postoperative control using Chi square test.  

 

Results 

In all, 272 women were referred to surgery between January 2017 and June 2018. Seventy-

two women did not meet inclusion criteria or did not want to participate.  Forty-one women 

declined randomization at the inclusion visit leaving 159 women included in the trial, see 

Figure 1. Women declining randomization were significantly older (67 years vs 62 years, 

p=0.002) and had more prior POP-surgery; (11/41 (27%) vs. 29/159 (12%) p = 0.015), but 

similar muscle contraction assessed by palpation (MOS of 2.0 vs 2.1, p=0.639) and 

ultrasound (15.9 % vs 17.5 %, p=0.346).  

One hundred fifty-one (95%) women completed the study (see Figure 1). In the 

intervention group, three women did not want further examinations after inclusion and three 

cancelled surgery (one due to other medical condition, two because of improvement of 

symptoms). In the control group two women cancelled surgery due to improvement of 

symptoms. The intervention and control groups were similar for background characteristics 

and outcome variables at baseline, see Table 1. The mean (SD) waiting time before surgery 

was 22 (9.7) weeks, similar for the intervention and control group (22 vs 23) and they were 



examined on average 28 (7.8) weeks after surgery (28 vs 28). In the intervention group 80% 

reached an adherence level of 70%.  

Twenty-eight (19%) women had isolated anterior compartment repair (including three 

synthetic mesh procedures), 27 (18%) had isolated posterior compartment repair, and 38 

(25%) had isolated central compartment repair. Fifty-eight (38%) women had a combination 

of procedures including several compartments. We registered two major complications after 

surgery; an intestovaginal fistula after laparoscopic sacrocolpopexy and one hemorrhage 

requiring reoperation. Other complications reported were three postoperative infections 

requiring antibiotics and one woman had persisting residual urine.  

On the day of surgery there was a statistically significant difference in contraction 

assessed by palpation in favor of the intervention group (p = 0.015), but not for other outcome 

variables (Table 2). We found no statistically significant difference between the groups at the 

postoperative follow-up (Table 2). For the total study population, a significant change over 

time was found for all outcome variables except vaginal manometry and surface EMG (Table 

3). The proportion of women with improved contraction, symptomatic and anatomical 

improvement, symptomatic and anatomical recurrence and prolapse in a new compartment is 

presented in Table 4, and no difference between the groups was found.  

 

Discussion  

We found no statistically significant effect of preoperative PFMT on pelvic floor contraction, 

symptoms or anatomical POP at mean follow-up of 28 weeks after surgery. However, we 

found an overall improvement after surgery for contraction evaluated by ultrasound and 

palpation, symptoms and anatomical POP.  

Our findings are consistent with results from previous randomized controlled trials on 

PFMT as an adjunct to surgery, showing no effect on contraction evaluated by palpation or 



EMG, POP symptoms or anatomical outcome.18-20, 22 These studies  included women 

scheduled for POP surgery alone or in combination with procedures for urinary incontinence19 

or hysterectomy.22 In contrast, other studies have shown effect of pelvic floor exercise on 

pelvic floor function, anatomical- and symptomatic prolapse.12, 13 Braekken et al included 

women who were younger, had a lower POP-Q stage (mainly stage 2) compared to our study 

population of women scheduled for POP surgery with mainly POP-Q stage 3 and 4) 12 Also 

Jarvis et al found an improvement of pelvic floor muscle contraction assessed by vaginal 

manometry after perioperative PFMT in an RCT with 60 participants evaluated after three 

months.39 This study included women scheduled for either incontinence or POP surgery and 

grade of POP was not stated. It is possible that PFMT is more effective in women with stress 

urinary incontinence and smaller prolapses.12, 40   

The overall reduction of symptomatic and anatomical POP was expected after surgery, 

but the improved pelvic floor contraction was somewhat surprising and not in line with results 

from a recently published systematic review.24 This review concludes that there is no clear 

effect of POP surgery on pelvic floor muscle morphology or function.  However, only one of 

the studies in this review had pelvic floor function as primary outcome, and the findings of 

this study are in concordance with our findings. 41 They found an improvement in contraction 

assessed by palpation (MOS), but no effect using manometry at 40 days follow-up. Another 

study investigated levator hiatal dimensions with 3D endovaginal ultrasound after different 

treatment approaches to POP; expectance, pessary and surgery.42 They found a decrease in 

levator hiatal dimensions 12 months after POP surgery which was not found for women 

treated with pessaries or expectance.42 Our findings together with these previous studies 

implicate that the size of the prolapse can make it difficult to perform PFMT, and when the 

prolapse is surgically reduced contraction and strength increases. A long-term follow-up may 

help clarify if there are unrevealed effects of PFMT in addition to surgery over time. 



The frequencies for recurrence of anatomical POP and symptoms correspond well 

with frequencies published after native tissue repair in two reviews of recent literature, which 

report 38-45% for anatomical recurrence and 19-20% for symptomatic recurrence.43, 44  

We chose a somewhat arbitrary cut-off at 70 % adherence to the PFMT intervention 

program consisting of daily exercise. We wanted PFMT to be feasible for women in normal 

everyday life and make the results generalizable to a clinical setting. 80% adherence to the 

program is very good, since previous studies have shown adherence in 64% of patients in a 

short term perspective and 23% in the long term in a clinical setting.30 

  The main strength of our study was the randomized controlled setting. We evaluated 

the effect of preoperative PFMT on both anatomical findings and symptoms, and measured 

contraction with off-line analysis of ultrasound volumes. Ultrasound is an objective and 

reproducible method, and the experience of the examiner plays a minor role when assessing 

contraction by ultrasound compared to palpation. Possible bias such as knowing group 

allocation (problem with palpation) or co-activation of other muscle groups (problem with 

perineometry and sEMG) was eliminated for off-line analysis of ultrasound volumes.45 

Furthermore, we used validated tools to evaluate the outcomes. The mixed model made it 

possible to enter all available data in the analysis, including women with missing data at the 

day of surgery or postoperative follow-up.  

   One limitation of this study is the lack of blinding of the examiner. Thus, the results 

for palpation should be interpreted with caution. However, blinding was ensured when 

evaluating the ultrasound volumes for contraction after 6-12 months. Another limitation is the 

heterogenicity regarding compartment, surgical technique and primary or recurrent POP. 

Previous studies have shown that POP in anterior and middle compartments are related to 

pelvic floor muscle trauma, whereas posterior compartment POP has a different etiology.46 A 

larger study aiming at specific compartments could clarify if subgroups of women would 



benefit from PFMT.  The control group received a thorough examination of the pelvic floor 

and instruction in how to contract as part of the clinical assessment, and this may mask a 

possible effect of PFMT. Women declining randomization were older and had more previous 

POP surgery, and this may have influenced the external validity of the trial. Most study 

participants were white European, and the effect of PFMT could theoretically be different in 

other ethnic groups.  

In conclusion, we found that pelvic floor contraction improved after POP surgery, 

most likely explained by the anatomical correction of POP. No additional effect of PFMT was 

found. Altogether, we did not find evidence to support the introduction of PFMT as a standard 

adjunct to surgery in women with symptomatic POP ≥ grade 2 scheduled for surgery. 
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 CONTRAPOP 

Anatomi og muskelstyrke i bekkenbunnen hos kvinner 

 

FORESPØRSEL OM DELTAKELSE I FORSKNINGSPROSJEKTET 

Dette er et spørsmål til deg om å delta i et forskningsprosjekt for å undersøke funksjonen i 

bekkenbunnsmuskulaturen hos kvinner som opereres for underlivsframfall (descens). Vi 

ønsker å kartlegge symptomer og undersøke funksjonen i bekkenbunnen før og etter kirurgi. 

Vi vil finne ut om det er forhold ved forundersøkelsen som kan si oss noe om resultatet av 

operasjonen, og hvor fornøyd pasientene våre blir etter operasjonen. Vi ønsker også å 

benytte informasjonen fra undersøkelsene til å utvikle en ultralydskala for å vurdere styrke i 

bekkebunnen som siden kan benyttes i daglig klinisk praksis. Du kan delta i denne studien 

fordi du er henvist til operasjon ved Gynekologisk avdeling St Olavs hospital. 

HVA INNEBÆRER PROSJEKTET? 

Deltakelse i denne studien innebærer at du enten mottar standard behandling og 

informasjon, eller livsstilsråd og opplæring i bekkenbunnstrening. 

Ventetiden før operasjon er like lang i begge grupper. Utvelgelsen til hvilken gruppe du 

havner i skjer ved randomisering, en slags loddtrekning.  

Havner du i gruppen som kun mottar standard behandling og informasjon, får du råd om 

bruk av lokale østrogener, nytte av knipeøvelser og du får informasjon om operasjonen 

(varighet av sykehusopphold, mulige komplikasjoner, sykemeldingstid). Dersom du havner i 

treningsgruppen, vil du i tillegg til standard informasjon motta livsstilsråd og opplæring i 

bekkenbunnstrening hos fysioterapeut. 

Du vil møte til ukentlige treningsøkter hos fysioterapeut, samtidig som du blir oppfordret til 

å trene daglig hjemme, og blir bedt om å føre en treningsdagbok.  

Samtykke til deltakelse i studien innebærer for alle grundige undersøkelser ved tre 

tidspunkt: 

1) Når du søkes inn til kirurgi  

2) få dager før operasjonen 

3) Ca 6 måneder etter operasjonen  

Det skal gjøres en vanlig gynekologisk undersøkelse med gradering av ditt framfall, og en 

klinisk vurdering av knipeevnen. I tillegg gjøres en undersøkelse med trykkmåler i vagina. Du 

vil også gjennomgå en 3D ultralyd undersøkelse av bekkenbunnsmuskulaturen.  
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Dette gjøres ved en utvendig undersøkelse mot underlivet. Undersøkelsen tar ca 45 

minutter. I tillegg skal du fylle ut et spørreskjema om hvilke symptomer og plager du har før 

og etter operasjonen. Du skal svare på spørsmål for gradering av hvor mye du eventuelt er 

plaget av fremfall og lekkasje.  Vi spør i tillegg om hvor mange barn du har født, hvor 

gammel du var ved første og siste fødsel, og på hvilken måte du har født (normalfødsler, 

tang, vakum, keisersnitt).  

MULIGE FORDELER OG ULEMPER 

Fordeler for deg som studiedeltager er at du vil få en ekstra grundig undersøkelse av 

bekkenbunnsmuskulaturen din, som du ellers ikke ville fått ved vanlig pasientbehandling. Du 

vil få økt kunnskap om anatomi, og de som havner i treningsgruppen vil få grundig opplæring 

i trening av bekkenbunnsmuskulatur. I tillegg vil du få en ekstra undersøkelse 6 måneder 

etter operasjon, som du ikke ville fått uten deltagelse i studien. Ulemper er at det vil ta av 

din tid at du må møte til 2 ekstra undersøkelser, og for de som havner i treningsgruppen vil 

det ta tid å gjennomføre bekkenbunnstrening i forkant av operasjonen. Det er ingen risiko 

forbundet med undersøkelsene. 

FRIVILLIG DELTAKELSE OG MULIGHET FOR Å TREKKE SITT SAMTYKKE 

Det er frivillig å delta i prosjektet. Dersom du ønsker å delta, undertegner du 

samtykkeerklæringen på siste side. Du kan når som helst og uten å oppgi noen grunn trekke 

ditt samtykke. Dette vil ikke få konsekvenser for din videre behandling. Dersom du trekker 

deg fra prosjektet, kan du kreve å få slettet innsamlede prøver og opplysninger, med mindre 

opplysningene allerede er inngått i analyser eller brukt i vitenskapelige publikasjoner. 

Dersom du senere ønsker å trekke deg eller har spørsmål til prosjektet, kan du kontakte 

Maria Øyasæter Nyhus eller prosjektleder Ingrid Volløyhaug (se kontaktinformasjon under) 

HVA SKJER MED INFORMASJONEN OM DEG?  

Informasjonen som registreres om deg skal kun brukes slik som beskrevet i hensikten med 

studien. Alle opplysningene vil bli behandlet uten navn og fødselsnummer eller andre direkte 

gjenkjennende opplysninger.  

En kode knytter deg til dine opplysninger og resultat av undersøkelser gjennom en 

navneliste. Det er kun autorisert personell knyttet til prosjektet som har adgang til 

navnelisten og som kan finne tilbake til deg. Det vil ikke være mulig å identifisere deg i 

resultatene av studien når disse publiseres.  

I tillegg til studieinformasjonen vil det føres journal i sykehusets elektroniske pasientjournal, 

slik vi gjør for alle pasienter som undersøkes ved sykehuset. Andre journalopplysninger enn 

de vi spør om i studien inngår ikke i prosjektet.  
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Informasjon om alle kvinner som opereres for framfall ved St Olavs hospital blir avidentifisert 

og registrert i sykehusets lokale descensregister. Samtykker du til deltakelse i prosjektet, vil 

informasjon fra descensregisteret brukes i studien.  

Prosjektleder har ansvar for den daglige driften av forskningsprosjektet og at opplysninger 

om deg blir behandlet på en sikker måte.  Informasjon om deg vil bli anonymisert eller 

slettet senest fem år etter prosjektslutt.  

 

FORSIKRING 

Ved deltagelse i studien er du forsikret i henhold til pasientskadeloven. 

 

OPPFØLGINGSPROSJEKT  

Om det skulle bli aktuelt med en oppfølgingsstudie, kan du bli kontaktet igjen.  

 

ØKONOMI  

Du får ingen økonomisk godtgjørelse for tapt arbeidstid eller utgifter til reise/parkering i 

forbindelse med prosjektet. 

 

GODKJENNING 

Prosjektet er godkjent av Regional Etisk komite for medisinsk og helsefaglig forskningsetikk. 

Saksnummer: 2015/1751/REK midt 

 

VED YTTERLIGERE SPØRSMÅL, KONTAKT: 

Maria Øyasæter, stipendiat og overlege ved gynekologisk avdeling St. Olavs hospital 

Maria.oyaseter@stolav.no. Tlf: 72576820/ 41646649 

Ingrid Volløyhaug, prosjektleder og overlege PhD ved Kvinneklinikken St Olavs hospital 

Ingrid.volloyhaug@ntnu.no  Tlf: 06800 
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SAMTYKKE TIL DELTAKELSE I PROSJEKTET 

 

JEG ER VILLIG TIL Å DELTA I PROSJEKTET  

 

Sted og dato Deltakers signatur 

 

 

 

 Deltakers navn med trykte bokstaver 
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FORESPØRSEL OM DELTAKELSE I FORSKNINGSPROSJEKTET 

 

CONTRAPOP 

Anatomi og muskelstyrke i bekkenbunnen hos kvinner 

Dette er et spørsmål til deg om å delta i et forskningsprosjekt for å undersøke funksjonen i 

bekkenbunnsmuskulaturen hos kvinner. Vi ønsker å benytte informasjonen fra 

undersøkelsene til å utvikle en ultralydskala for å vurdere styrke i bekkebunnen, som siden 

kan benyttes i daglig klinisk praksis. Du kan delta i denne studien enten fordi du er henvist til 

operasjon ved Gynekologisk avdeling St Olavs hospital eller fordi du er henvist til 

rutineultralyd i forbindelse med din første graviditet. 

HVA INNEBÆRER PROSJEKTET? 

 

Deltagelse i studien innebærer at du kommer til 2 undersøkelser på gynekologisk avdeling 

For gravide er den første rundt uke 20 i svangerskapet, den andre 6 måneder etter fødsel.  

For kvinner som opereres for urinlekkasje vil den første undersøkelsen skje på 
operasjonsdagen og den andre ca 6 måneder etter operasjon.  

Hos alle skal det gjøres en klinisk undersøkelse av muskulaturen, en undersøkelse med 

trykkmåler i vagina og en ultralyd undersøkelse av bekkenbunnsmuskulaturen. Dette gjøres 

ved en utvendig undersøkelse mot underlivet. Undersøkelsene tar ca 45 minutter. 

I forbindelse med undersøkelsen ber vi om at du svarer på spørsmål for gradering av hvor 

mye du eventuelt er plaget av fremfall og lekkasje.  Vi spør i tillegg om hvor mange barn du 

har født, hvor gammel du var ved første og siste fødsel, og på hvilken måte du har født 

(normalfødsler, tang, vakuum, keisersnitt). 
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MULIGE FORDELER OG ULEMPER 

Fordeler for deg som studiedeltaker er at du vil få en grundig undersøkelse av 

bekkenbunnsmuskulaturen din, som du ellers ikke ville fått ved vanlig rutinebehandling. Du 

vil få økt kunnskap om anatomi og opplæring i trening av bekkenbunnsmuskulatur. I tillegg 

vil du få en ekstra undersøkelse 6 måneder etter fødsel/operasjon, som du ikke ville fått 

uten deltagelse i studien. Ulemper er at det vil ta av din tid at du må møte til 2 

undersøkelser. Det er ingen risiko forbundet med undersøkelsene, hverken for gravide eller 

operasjonspasienter. 

 

FRIVILLIG DELTAKELSE OG MULIGHET FOR Å TREKKE SITT SAMTYKKE 

Det er frivillig å delta i prosjektet. Dersom du ønsker å delta, undertegner du 

samtykkeerklæringen på siste side. Du kan når som helst og uten å oppgi noen grunn trekke 

ditt samtykke. Dette vil ikke få konsekvenser for din videre behandling. Dersom du trekker 

deg fra prosjektet, kan du kreve å få slettet innsamlede prøver og opplysninger, med mindre 

opplysningene allerede er inngått i analyser eller brukt i vitenskapelige publikasjoner. 

Dersom du senere ønsker å trekke deg eller har spørsmål til prosjektet, kan du kontakte 

Maria Øyasæter Nyhus eller prosjektleder Ingrid Volløyhaug (se kontaktinformasjon under) 

 

HVA SKJER MED INFORMASJONEN OM DEG?  

Informasjonen som registreres om deg skal kun brukes slik som beskrevet i hensikten med 
studien. Alle opplysningene vil bli behandlet uten navn og fødselsnummer eller andre direkte 
gjenkjennende opplysninger. En kode knytter deg til dine opplysninger og prøver gjennom 
en navneliste. Det er kun autorisert personell knyttet til prosjektet som har adgang til 
navnelisten og som kan finne tilbake til deg. Det vil ikke være mulig å identifisere deg i 
resultatene av studien når disse publiseres.  

I tillegg til studieinformasjonen vil det føres journal i sykehusets elektroniske pasientjournal, 
som det gjøres med alle pasienter som undersøkes ved sykehuset.    

Prosjektleder har ansvar for den daglige driften av forskningsprosjektet og at opplysninger 

om deg blir behandlet på en sikker måte.  Informasjon om deg vil bli anonymisert eller 

slettet senest fem år etter prosjektslutt.  

 

FORSIKRING  

Ved deltagelse i studien er du forsikret i henhold til pasientskadeloven. 
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OPPFØLGINGSPROSJEKT  

 Om det skulle bli aktuelt med en oppfølgingsstudie, kan du bli kontaktet igjen.  

 

ØKONOMI  

Du får ingen økonomisk godtgjørelse for tapt arbeidstid eller utgifter til reise/parkering i 

forbindelse med prosjektet. 

 

GODKJENNING 

Prosjektet er godkjent av Regional Etisk komite for medisinsk og helsefaglig forskningsetikk. 

Saksnummer: 

 

VED YTTERLIGERE SPØRSMÅL, KONTAK: 

 

Maria Øyasæter Nyhus, stipendiat og lege ved gynekologisk avdeling St Olavs hospital 

Maria.oyaseter@stolav.no 

72576820/ 41646649 

Ingrid Volløyhaug, prosjektleder og overlege ved Kvinneklinikken St Olavs hospital 

Ingrid.volloyhaug@stolav.no 

06800/97549124 
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SAMTYKKE TIL DELTAKELSE I PROSJEKTET 

 

JEG ER VILLIG TIL Å DELTA I PROSJEKTET  

 

Sted og dato Deltakers signatur 

 

 

 

 Deltakers navn med trykte bokstaver 
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