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KEYWORDS Abstract

Ethnic groups; Background: Pelvic floor muscle function has been shown to be inversely associated with pelvic

Gynecology; organ prolapse in Western women, however differences have been documented between ethnic

Nepal; groups.

Physical therapy; Objective: To determine if pelvic floor muscle strength and thickness and hiatal area are asso-

Ultrasonography ciated with pelvic organ prolapse in Nepali women.
Methods: This cross-sectional study included non-pregnant Nepali women >18 years attend-
ing an outpatient gynecology clinic in Kathmandu, Nepal. A clinical examination included the
pelvic organ prolapse quantification (POP-Q)- system examination and Modified Oxford Scale.
Puborectalis muscle thickness and hiatal area were assessed using 3D/4D translabial ultrasound.
Statistical analysis included Pearson’s correlation and multiple regression (p <0.05).
Results: Of the 123 women; 14 (11%) had POP-Q stage O prolapse, 29 (24%) stage I, 69 (56%)
stage ll, 8 (7%) stage lIl, and 3 (2%) stage IV. Mean £ SD Modified Oxford Scale was 3.37 +0.48 and
muscle thickness was 1.14 £ 0.21cm, hiatal area at rest was 14.67 + 3.11 cm? and on contrac-
tion was 11.29 +2.51 cm?. No associations were found between pelvic floor muscle strength or
thickness and POP-Q stages 0-1V. There was a positive correlation found between hiatal area at
rest and pelvic organ prolapse stage (r=0.34, p<0.001) and hiatal area on contraction and pro-
lapse stage (r=0.30, p<0.001) and a negative correlation between pelvic floor muscle strength
and hiatal area on contraction (r=-0.36, p<0.001).
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Conclusion: In contrast to previous findings, pelvic floor muscle strength and thickness are not
associated with pelvic organ prolapse in this sample of Nepali women. It is important to consider
these findings when developing pelvic organ prolapse treatment and management strategies in

this population.

© 2020 Associacao Brasileira de Pesquisa e Pos-Graduacao em Fisioterapia. Published by Elsevier
Editora Ltda. All rights reserved.

Introduction

The pelvic floor muscles (PFMs) play an important role in
providing pelvic organ support and maintaining urinary and
fecal continence.' The levator hiatus is the largest her-
nia portal in the human body and pelvic organ prolapse
(POP) occurs through this portal.? One of the key PFMs of
the levator hiatus is the puborectalis.? A normal puborec-
talis muscle contraction creates a controlled narrowing of
the hiatal area (HA) in a ventrocephalad direction resisting
downward pressure of the pelvic organs with any increase
in intra-abdominal pressure.’? Having thicker and stronger
PFMs is thought to provide more support to the pelvic organs
reducing the risk of developing a POP.?

A comprehensive assessment of the pelvic floor plays
an important role in the diagnosis and treatment of pelvic
floor dysfunction. There are various ways of assessing PFM
strength and function including digital palpation, manom-
etry, and 3D/4D translabial ultrasound (TLUS)." Digital
palpation assesses the squeeze pressure or strength of the
puborectalis muscle around the clinician’s finger and can be
quantified using the Modified Oxford Scale (MOS).* Further-
more, digital palpation provides evaluation of the quality
and direction of the contraction allowing immediate verbal
and tactile biofeedback assisting the woman to consciously
contract the muscles.>® Incorporating TLUS allows further
analysis of functional PFM anatomy including assessment of
levator avulsion, HA, and puborectalis muscle thickness.”
Translabial ultrasound has become widely utilized as an
effective tool for health professionals to assess the pelvic
floor functional anatomy.?

However, the etiology of POP is complex and multifac-
torial, and recent evidence suggests ethnicity may well
be an important factor.”'® A study comparing East Asian
women to Caucasians found the former had a smaller HA and
thicker puborectalis muscle.’ Shek et al.'? found that Ugan-
dan women have an increased HA and greater pelvic organ
descent compared to Caucasians although muscle thickness
was similar between the two groups.'? Nepali women appear
to have a lower rate of levator avulsion and obstetric anal
sphincter tears and a higher rate of uterine retroversion
when compared to other populations.'"'? These differences
are important to consider when determining the most appro-
priate treatment option for women.

Previous studies have shown that PFM strength, puborec-
talis muscle thickness, and HA are associated with POP in
various populations.’>~"> Women with a significant POP, i.e.
symptomatic POP, are more likely to have weaker and thin-
ner PFMs and a larger HA compared to women with no or

mild POP.">-"8 Due to the high prevalence of POP in Nepali
women and the differences previously documented in their
functional anatomy, we sought to explore the association
between PFM strength, puborectalis muscle thickness, and
HA with POP stages 0-IV.

Methods

This cross-sectional study is a secondary analysis of data
collected over a 3-week period in November 2016. As per
previously published cross-sectional studies with a similar
sample size, this study analyzed stored imaging data.”-®"7-1°
Participants included nonpregnant women 18 years or over
consecutively attending the outpatient gynecology clinic
at Kathmandu Model Hospital. Exclusion criteria included
women with a history of previous gynecological surgery
and those unable to complete the questionnaire or follow
instructions due to cognitive or language deficits.

After informed consent was obtained, the women com-
pleted an interview with a Nepali intern, who recorded
demographic information and medical and obstetric his-
tory. This included the participants’ general background and
demographic data, chief complaints, medical history, and
obstetric and gynecological history. Following this, all pelvic
examinations were performed by the same examiner who is
an experienced gynecologist with >5 years experience and
was blinded to the demographic and clinical data at the time
of the examination.

Participants were instructed to empty their bladder prior
to the assessment and all examinations were performed in
the dorsal lithotomy position. Vaginal examination included
the validated pelvic organ prolapse quantification (POP-Q)
system performed on maximum Valsalva and MOS to assess
PFM strength." 820 There are five stages in the POP-Q system
from O to IV, where 0=no prolapse to stage IV=complete
eversion of the total length of the vagina.?®

PFM strength on digital palpation was assessed using
the MOS where the index finger is placed into the
vagina to palpate the puborectalis muscle during maximal
contraction.'®?' The MOS is a validated 6-point scale that
rates the PFM contraction from O to 5: 0=no contraction,
1=minor flicker, 2 = weak contraction, 3 = moderate contrac-
tion, 4=good contraction, and 5=strong contraction.'®?'
Half grades are permitted, for example a grade of 3+
is translated as being more than a moderate contraction
(grade 3) but less than a good contraction (grade 4), as
described by Laycock and Jerwood.'® Muscle strength was
calculated as the mean score of three maximal voluntary
contractions and a minimum of 4s rest was allowed between
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Figure 1 3D translabial ultrasound image of hiatal area (in
yellow) and four measurement sites of puborectalis muscle
thickness (PRMT).

attempts.'3 82" The MOS strongly correlates with perineom-
etry and translabial ultrasound as a reliable way to measure
PFM strength.?" A maximal PFM contraction was achieved by
asking the participant to squeeze as firmly as possible around
the examiner’s finger as though they are trying to stop pass-
ing gas.?! Additional coaching was given if the woman was
unable to correctly squeeze their muscles or displayed co-
contraction of other muscles, breath holding, or a bearing
down action.??

Three/4D translabial ultrasound was performed using a
4D GE Voluson-i System (GE Medical Systems, Zipf, Aus-
tria), with an 8-4MHz curved array volume transducer. As
previously described, volumes were acquired in the mid-
sagittal plane at rest and set to an acquisition angle of
85° for the maximum PFM contraction and at least two
volumes were acquired for the contraction.'"'? The intra-
class correlation coefficient values for HA and puborectalis
muscle thickness show very good agreement between 3/4D
translabial ultrasound and magnetic resonance imaging
(MRI) measurements.? Post imaging analysis of HA and pub-
orectalis muscle thickness were performed by the first
author using proprietary software at a later date, while
blinded to all other data. All analyses were conducted in the
plane of minimal hiatal dimensions.'® The HA is bordered by
the puborectalis muscle, the symphysis pubis, and the infe-
rior pubic ramus (Fig. 1).2 Puborectalis muscle thickness was
measured as described by Dietz et al. at two points postero-
lateral to the vagina and rectum bilaterally, in the plane of
the maximal puborectalis muscle thickness (Fig. 1).'® The
mean of the four measurements was used for statistical
analysis."”

Statistical analysis was performed using SPSS version 24
(SPSS, Chicago, IL). We assessed the association between

puborectalis muscle thickness and strength and muscle
strength and HA at maximal contraction. Additionally,
we assessed any association between muscle thickness,
strength, and HA with POP-Q stages 0-1V. All associations
were investigated using Pearson’s correlation coefficient
and p-values of <0.05 were considered significant. Separate
multiple regression analyses were performed to assess the
relationship between POP stage and the outcome variables
PFM thickness, MOS, and HA adjusting for age, parity, and
body mass index (BMI). POP stage was analyzed as a cat-
egorical variable while the others were continuous. Ethics
approval was granted by the Institutional Review Committee
(IRC) of the Public Health Concern Trust Nepal, Kathmandu,
Nepal letter dated June 16, 2016.

Results

A total of 129 women were seen in the clinic during the inclu-
sion period and six were excluded due to previous pelvic
surgery or being unable to complete the questionnaire or
assessment due to cognitive or literacy deficiencies. Of the
123 women assessed; mean +SD age was 39 +10.2 years,
BMI 26 + 4.37 kg/m? and median parity was two (range 0-9)
(Table 1). Three (2%) women were nulliparous, two (1.6%)
had unilateral avulsions, two (1.6%) had anal sphincter tears,
and there were no instrumental or operative deliveries.
There were 14 (11%) women with no POP, 29 (24%) women
with POP-Q stage I, 69 (56%) with stage Il, 8 (7%) with stage
Ill, and 3 (2%) with stage IV. The mean MOS, PFM thickness,
and HA by POP-Q stage 0-1V is presented in Table 2.

The ultrasound images for two women were excluded
due to inadequate volumes for analysis. The following
results pertain to the remaining 121 women; mean + SD pub-
orectalis muscle thickness was 1.144+0.21cm. Mean +SD
HA at rest was 14.67+3.11cm? and during contraction
11.29 £2.51 cm? (Table 2).

No association was found between PFM strength (MOS)
and puborectalis muscle thickness. Additionally, muscle
strength or puborectalis muscle thickness and POP stages
0-1V were not associated (Table 3). There was a significant
positive association between POP-Q stage and HA at rest and
contraction and a significant negative association between
muscle strength and HA on contraction (Table 3). Multi-
ple regression analysis found no difference between POP
stages in the mean PFM strength and thickness after adjust-
ing for age, parity, and BMI (Table 2). There was a difference
between POP stages in the mean HA at rest (p=0.003) and
contraction (p=0.002) after adjusting for age, parity, and
BMI. The residuals from the regression analysis were nor-
mally distributed.

Discussion

In this sample of Nepali women, PFM strength or muscle
thickness was not associated with POP and these findings
are contrary to previous studies that reported a significant
association in different populations of women.'>"’

PFM strength has been found to be independently asso-
ciated with POP, suggesting that having weaker muscles
increases the risk of developing a POP by seven times
(odds ratio [OR] 7.5; 95% Cl 1.5, 36.4)."* One study found
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Table 1 Characteristics of participants by pelvic organ prolapse quantification (POP-Q) system.
All participants Stage 0 (n=14) Stage | (n=29) Stagell (n=69) Stagelll (n=8) Stage IV (n=3)
(n=123)
Age (years) 39410.03 36410.05 37+£10.09 39+9.56 464+ 12.88 4345.03
Mean + SD
BMI (kg/m?) 261+4.38 23+3.42 26 +4.50 26 +-4.48 244+2.91 29+£5.02
Mean £ SD
Parity 2 (0-9) 2 (0-4) 2 (0-9) 3 (0-8) 3 (2-6) 4 (3-5)
Median (range)
Vaginally 17 (14%) 5 (36%) 1 (3%) 6 (9%) 0 (0%) 0 (0%)
nulliparous
N (%)
Menopausal 19 (15%) 4 (3%) 3 (10%) 9 (13%) 2 (25%) 1 (33%)
N (%)

that in a group of women with pelvic floor disorders, most
were unable to contract their PFMs correctly with their
mean £ SD MOS being 1.5+ 1.0 in contrast to the women in
our group with a POP-Q stage I-1V who had a mean MOS of
3.33+£0.48.% It is important to note that most of the women
in our study had a stage | and Il POP and were younger in age
compared to previously published studies on PFM strength
and thickness and POP.">">22.23 Finding comparable studies
using the same evaluation techniques with participants of
a similar age is challenging because women with a symp-
tomatic POP or pelvic floor disorders are typically older than
our study population. However, a study by Bocardi et al.*
found no association between age and PFM strength high-
lighting the complex nature of pelvic floor function.?*

The thickness of the puborectalis muscle appears to be
associated with certain pelvic floor disorders.'®? Bo et al.
hypothesized that increased thickness and bulk of the PFMs
provides a more supportive base for the pelvic organs placing
them in a more elevated position inside the pelvis.® Studies
from the USA and Norway have shown that women with a POP
or incontinence have thinner PFMs but similar to our results,
Athanasiou also found no association between puborectalis
muscle thickness and POP stage in British women.'> "2
These results suggest PFM thickness may play a role in POP
and incontinence severity in some women, but not all.

There is evidence suggesting that the greater the cross-
sectional area of a muscle the stronger the voluntary
concentric contraction.? In regards to the PFMs, several
Norwegian studies have demonstrated that PFM thick-
ness and strength are positively associated, indicating that
thicker muscles produce a stronger contraction.'-2>%7 It is
not clear why we did not find this association with the Nepali
women in our study. However, this difference may relate
to genetic variations in the morphology of the bony pelvis,
connective tissue compliance, muscle positions within the
pelvic cavity, or variations in the neurophysiological function
of the muscles.?

HA may have a more important role in POP severity for our
study population. Our results confirm previous findings that a
larger HA is associated with POP and a stronger PFM contrac-
tion will more effectively constrict and narrow the HA.'3'7%!
However, PFM strength and thickness were not related to
POP in our group suggesting that the connective tissues and

the passive supporting structures may be more significant
in the etiology of POP for Nepali women. Further research
is essential in exploring the role of pessaries and lifestyle
strategies, such as managing constipation, chronic cough,
and heavy lifting, in non-surgically managing symptomatic
POP in this population.?%-?”

Assessing PFM strength and function is crucial in deter-
mining the best treatment option for women with a POP.28
The first line non-surgical treatment approach for POP is
PFM training as this has been shown to increase the strength
and thickness of the PFMs improving both symptoms and
POP-Q stage.?20:29:30 Braekken et al." found a PFM training
intervention for women with stage I-Ill POP resulted in a sig-
nificant increase in PFM thickness and reduction in HA." The
participants’ mean PFM thickness and HA at baseline were
0.9cm and 23.7 cm?, increasing to 1.05cm and decreasing
to 22.2cm? post-intervention, respectively. Another study
assessed asymptomatic nulligravid Caucasian women (mean
age 20.4 years) and found their mean puborectalis muscle
thickness was 0.73 cm and HA was 11.25cm? at rest.'® The
Nepali women in our study had thicker PFMs than the partici-
pants in both of these studies, a smaller HA than the women
with a POP and on average moderate PFM strength. There-
fore, we question whether a PFM training program offered
to a population of Nepali women, with characteristics simi-
lar to the sample included in our study, would be effective
at increasing PFM strength and thickness or reducing HA
and POP-Q stage as reported in previous studies. This issue
should be investigated in future high quality RCTs.

Ethnicity appears to play a role in some of the dif-
ferences noted in PFM function and biometry between
populations.”'® Nepali women have one of the lowest
recorded prevalence for levator avulsions and anal sphincter
tears compared to other populations.'> There also appears
to be a higher rate of uterine POP, uterine retroversion, and
less frequent hiatal ballooning in this population.'” These
findings suggest that a one fit all approach to management
of POP is ineffective and insufficient for improving out-
comes and providing better care to women suffering from
this condition.

One of the strengths of this study is that it is the first to
use 3D/4D TLUS to assess PFM thickness in this population.
The results from our study also add to the growing body



Table 2  Pelvic floor muscle (PFM) functional anatomy by pelvic organ prolapse quantification (POP-Q) system.

All participants Stage 0 (n=14) Stage | (n=29) Stage Il (n=69) Stage Il (n=8) Stage IV (n=3) p-value?
(N=121)

PFM strength (N=123)

MOS 3.37+0.48 3.34+0.41 3.44+0.53 3.35+0.48 3.34+0.48 3.17+0.29
Mean 4+ SD (2.0-4.5) (2.5-4.0) (2.5-4.5) (2.0-4.0) (2.5-4.0) (3.0-3.5)
(range)

Adjusted mean REF 0.11 (—0.22, 0.45) 0.02 (—0.28, 0.32) 0.06 (—0.39, 0.50) —0.16 (—0.80, 0.86
difference (95% 0.49)
Cl)**

PFM thickness 1.14+£0.21 1.15+0.17 1.17+£0.20 1.11+£0.21 1.21+£0.30 1.18+£0.18
(cm) (0.65-1.79) (0.91-1.50) (0.84-1.56) (0.65-1.59) (0.72-1.79) (1.04-1.38)
Mean £ SD (range)

Adjusted mean REF 0.03 (—0.11, 0.16) —0.05 (—0.18, 0.04 (—0.15, 0.22) —0.01 (—0.27, 0.46
difference (95% 0.8) 0.26)
Cly°

HA at rest (cm?) 14.67 +£3.11 12.67 +£1.93 14.19+3.20 14.71£2.61 18.37 £ 4.67 16.52 +5.07
Mean +SD (range) (8.35-27.09) (9.38-16.15) (8.35-20.94) (10.08-22.73) (12.69-27.09) (11.80-21.88)

Adjusted mean REF 1.57 (—0.45, 3.58) 2.04 (0.21, 3.87) 5.42 (2.72, 8.11) 3.74 (—1.15, 7.63) 0.003
difference (95%
Cly°

HA at 11.29 +£2.51 10.32+1.97 11.09 +2.85 11.05+2.03 13.60+2.09 15.83+5.49
contraction (cm?) (6.17-21.88) (7.34-13.42) (6.17-16.93) (6.94-15.55) (10.81-16.41) (11.17-21.88)
Mean £ SD
(range)

Adjusted mean REF 0.69 (—0.93, 2.32) 0.59 (—0.88, 2.06) 2.98 (0.81, 5.14) 5.20 (2.08, 8.33) 0.002

difference (95%
Cly°

PFM, pelvic floor muscle; MOS, Modified Oxford Scale; HA, hiatal area.

@ Testing equality of adjusted means.
b Mean differences adjusted for age, BMI, and parity.

81¢
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Table 3  Pearson correlation to determine associations.
r p value

Muscle strength and thickness 0.03 0.76
POP-Q stage® and muscle strength —0.06 0.54
POP-Q stage® and muscle thickness 0.00 1.00
POP-Q stage® and HA at rest 0.34 <0.001
POP-Q stage® and HA at contraction 0.30 0.001
Muscle thickness and HA at rest —0.04 0.68
Muscle strength and HA at contraction —0.36 <0.001

a8 POP-Q stages 0-IV inclusive.
POP-Q, pelvic organ prolapse quantification system; HA, hiatal
area.

of evidence that ethnicity may play a role in PFM function
and POP. Our study does have its limitations such as type Il
error, as the sample population in our study included women
attending an outpatient gynecology clinic, so our findings
may not be representative of the general population. Due
to cultural limitations, assessment of nulliparous women is
exceedingly difficult in this population, making it difficult to
understand what would be considered normal PFM functional
anatomy. Finally, the ability to draw direct comparisons with
data obtained from Western populations is difficult due to
inherent multiple potential confounders.

Conclusion

No association was found between PFM strength or thickness
and POP stage in this sample of Nepali women.
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