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Abstract

Background: Urinary incontinence is a bothersome symptom. Although the relation-
ship between stress urinary incontinence (SUI) and vaginal delivery is established, the
pathology underlying SUI after vaginal birth remains to be elucidated.

Objectives: To determine whether levator ani muscle avulsion predisposes for SUI in
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women.

Search strategy: Pubmed and Embase were searched for terms and their varia-
“Clinical Epidemiology and Medical
Technology Assessment, Maastricht
University Medical Center+, Maastricht,
The Netherlands

tions “levator ani muscle avulsion” and “urinary incontinence”, from inception until 5
November 2019.
Selection criteria: Inclusion criterion: studies describing the relationship between uri-
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Exclusion criterion: studies only analyzing the urethral sphincter or hiatus dimensions.

Data collection and analysis: Odds ratios were used and if not available, were cal-
culated as means of data synthesis, adjusted odds ratios if presented by the study,
random-effects model to compute a pooled estimate.

Results: Seven studies were included, accounting for 2388 women. Comparing
women with and without levator ani muscle avulsion, the overall odds ratio for SUI
is 0.87 (95% confidence interval 0.56-1.34), and after adjustment for possible con-
founders was 0.72 (95% confidence interval 0.40-1.30).

Conclusion: There is no relationship between levator ani muscle avulsion and SUI in

women.

KEYWORDS
Levator ani muscle avulsion, Pathophysiologic urinary incontinence, Stress urinary
incontinence, Urinary incontinence

1 | INTRODUCTION

age of 18 and 75 years.! Urinary incontinence is defined as the invol-
untary loss of urine and is associated with previous vaginal delivery.?

Urinary incontinence in women is a frequent and bothersome symp- The prevalence of any type of urinary incontinence in women who

tom with a high prevalence worldwide of about 27.6% between the had at least one vaginal delivery reported in the literature varies up
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to 54%.5* Although the relationship between stress urinary incon-
tinence and vaginal delivery is well established, the pathology un-
derlying stress urinary incontinence after vaginal birth remains to
be elucidated.

It is known that vaginal delivery predisposes women to levator ani
avulsion. In fact, levator ani muscle avulsion was found in 15%-30%
of women after vaginal deliveries.>® The levator ani muscle is the com-
plex of the pubococcygeus, the iliococcygeus, and the puborectalis,
and is part of the pelvic floor muscles. The definition of levator ani
muscle avulsion is the partial or complete detachment of the pubic
portion of the levator ani muscle from the normal site of insertion at
the anterior pubic ramus, which may be unilateral or bilateral.” The
levator ani muscle is part of the pelvic floor muscles and is import-
ant for pelvic floor support.® Previous studies have shown that both
unilateral and bilateral levator ani muscle avulsion are associated with
a larger opening of the urogenital hiatus and predisposes to pelvic
organ prolapse.” ! In addition to the relationship between levator
ani muscle avulsion and pelvic organ prolapse, there appears to be
a pathophysiologic link between levator ani muscle avulsion, vaginal
birth, and the emergence of pelvic floor disorders (e.g. pelvic organ
prolapse, incontinence) years after delivery.iz'13 The objective of this
study was to systematically review and report on the current evidence
regarding the association between urinary incontinence and levator
ani muscle avulsion.

2 | METHODS

The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) and Meta-analysis of Observational Studies in
Epidemiology (MOOSE), were used as a guideline for reporting this

systematic review and meta-analysis.***°

2.1 | Inclusion and exclusion criteria

All studies that described the relationship between urinary incon-
tinence and levator ani muscle avulsion in women were possibly
eligible for inclusion if they met the following criteria. The diag-
nosis of urinary incontinence must be done by one of: a validated
qguestionnaire, urodynamics, or interview by a physician. Levator
ani muscle avulsion must be diagnosed by using either transla-
bial ultrasound or magnetic resonance imaging.*® Studies were
excluded if they investigated women within 1 year after delivery.
The reason for this was the because the etiology of urinary incon-
tinence might be different directly after delivery compared with
later in life and the possible recovery of pelvic floor structures
during the first year.!” Another reason for exclusion was the ab-
sence of a control group without urinary incontinence. Studies
only analyzing hiatus dimensions or only the urethral sphincter
were excluded.’ Letters, commentaries, editorial notes, and re-
views were also excluded. Studies in any language were eligible

for inclusion.

2.2 | Search strategy

The primary investigator (CFAS) performed a comprehensive search
from inception until 5 November 2019 in the following online data-
bases: PubMed and Embase. To capture all relevant articles on this
subject, Medical Subject Headings (MeSH) and Thesaurus terms and
text words with different variations were used. There were no restric-
tions on publication date or language. The structured search (see
Appendix S1) can be reproduced using the following keywords and
logical operators: levator ani muscle and urinary incontinence. A man-
ual search of the references of each selected article was performed
to identify studies not captured by the online search but potentially
relevant for this article.

2.3 | Study selection

Two researchers (CFAS and TFMV) screened the eligible studies
separately, then compared if the same studies were selected. First,
manuscript titles and abstracts were assessed for potential rel-
evance. For all of the selected studies, the full-text was reviewed to
determine eligibility. In case of disagreement, two other researchers
(SMJVK and KJBN) decided whether the study was suitable for in-
clusion. In case full text was unavailable, the author was contacted
to obtain the full text. None of the studies eligible for full-text as-

sessment were in a language other than English.

2.4 | Dataextraction
After the final selection, data were extracted on study design, sample

size, study population, definition of outcome, and results of analysis.

2.5 | Data analysis

Raw data were used to compute the unadjusted odds ratio for each
study, this to be able to pool a common measure of association.
The random-effects model was used to compute a pooled estimate,
which was visualized using a forest plot. When adjusted odds ratios
were described, they were visualized using a forest plot. Values of
I? were calculated as a measure of between-study variance due to
heterogeneity; P values less than 0.05 were considered statistically

significant.

2.6 | Risk of bias assessment

The quality of all included studies was assessed using the Newcastle-
Ottawa Scale for cohort studies and case-control studies. This scale
is a tool used for assessing the quality of studies for systematic re-
views and meta-analyses. Assessment was carried out by two re-
searchers (CFAS and TFMV) independently.
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3 | RESULTS

3.1 | Study selection

The PubMed and Embase searches revealed 257 and 493 articles,
respectively. After the elimination of duplicates, 524 unique articles
were evaluated by manuscript title and/or abstract. After reading the
full text of 70 studies, seven articles met the inclusion criteria. All pro-
tocols for the primary studies of included studies were available. No
additional studies were identified by cross-checking reference lists.
Figure 1 shows the flow diagram of the selection process.

3.2 | Characteristics of included studies

The articles investigating the relationship between levator ani mus-
cle avulsion and urinary incontinence are listed in Table 1. Of the
seven articles included, five were prospective observational cohort

1721 3nd two were case-control studies.??%

studies,

In 2009, Dietz et al.?? explored the association between symp-
toms of stress urinary incontinence and/or urodynamic stress inconti-
nence with levator ani muscle avulsion in 420 women with symptoms
of pelvic floor disorders (e.g. frequent voiding, incontinence, urgency)
and pelvic floor dysfunction. Morgan et al.?% performed a secondary
analysis of a case-control study®* in 2009, which included 151 women
with primary pelvic organ prolapse. In 2014, Chan et al.? performed
an extended study of a prospective observational study,25 evaluating
the effect of levator ani muscle avulsion on pelvic floor disorders and
health-related quality of life in Chinese primiparous women 12 months

1.Y performed a fol-

after their first vaginal delivery. In 2017, Chan et a
low-up study of two prospective cohort studies?®?’ different from the
study of Chan et al. in 2014.%? They evaluated the impact of levator
ani avulsion on pelvic floor disorders in women 3-5 years after their
first delivery. In 2017, Garcia Mejido et al.'® performed a prospective
cohort study with 105 women 36 months after delivery in which the
relationship between levator ani muscle avulsion and urinary stress
incontinence was assessed. In 2018, Handa et al.?° derived data from
a previous longitudinal cohort study of parous women, the Mothers’
Outcomes After Delivery study.28 They assessed 453 women annu-
ally for pelvic floor disorders. In 2019, Mathew et al.?* assessed 608
parous women, 15-24 years after their first delivery for pelvic floor
disorders and levator ani muscle avulsion.

Levator ani muscle avulsion was divided by several studies into
minor avulsion, macro-avulsion, and no avulsion. For the analysis of

results, micro-avulsion was not taken into account.

3.3 | Risk of bias assessment

Table 2 provides quality scores for the studies, derived from assessing
the risk of bias with the Newcastle-Ottawa Scale. Basis of assessment
can be found in Table S1. Overall, there is heterogeneity between
studies which should be taken into account. Despite the quality of

] Pubmed Embase
n=257 n=453
c
=]
g
'E Total search results
n=750
e Duplicates
n=226
g — -
£ Articles title/abstract screening
g n=524
v
- | Excluded
= n=454
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[ Excluded n=63 \

£

a8 +  Urinary

% incontinence not
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¢ <lyear

L postpartum (n=4)

+  Only levator hiatus
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* Incomplete data
(n=2)

+ No control group

E withaout urinary
é incontinence (n=1)
[ Total of included studies ]
n=7

FIGURE 1 Flow diagram of the selection process

the studies included being assessed as adequate: all studies used cor-
rect methods for analyses of results and the main results were well
presented and gave clear answers to their study's aims. Analysis of
independent variables as possible confounders was performed in five
studies.!”?%2 Levator ani avulsion was diagnosed using ultrasound in

1722 3nd using magnetic resonance imaging in one study.23

17,19-21,23

six studies,

Five studies only used validated questionnaires for diagnosis

18,22

of urinary incontinence, and two studies used urodynamics.

The seven articles included enrolled a total of 2388 women.

3.4 | Meta-analysis

All studies provided results that were suited for meta-ana\lysis.”’23

Figure 2 shows the individual study results and the pooled estimate in
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a forest plot. Comparing women with and without levator ani muscle
avulsion, the overall odds ratio for stress urinary incontinence was
0.87 (95% confidence interval 0.56-1.34). We recorded substantial
heterogeneity between studies, as exemplified by the 12 value of 71%.

Five studies'”2023

adjusted for possible confounders, making
levator ani avulsion the only risk factor. Additional risk factors that
were controlled for in the adjustment in each study are shown in
Table S1. Figure 3 shows the individual adjusted results, comparing
women with and without levator ani muscle avulsion, the overall
odds ratio for stress urinary incontinence when adjusted for ad-

ditional risk factors is 0.72 (95% confidence interval 0.40-1.30).

4 | DISCUSSION

4.1 | Main findings

This systematic review including a meta-analysis concludes that
there is no significant relationship between levator ani muscle avul-
sion and stress urinary continence in women. Dietz et al.?? and

Morgan et al.?®

show levator muscle avulsion as a protective fac-
tor for stress urinary incontinence, confirmed after controlling for
other risk factors. Chan et al.,¥’ Garcia Mejido et al.,*® Handa et al.,%°
and Mathew et al.?! do not show an association between levator
ani muscle avulsion and stress urinary incontinence. On the other
hand, Chan et al.}” show that levator ani muscle avulsion is a risk fac-
tor for stress urinary incontinence, even after adjusting for possible
confounders. This heterogeneity in the outcome of results might be

explained by several factors.

4.2 | Strengths and limitations

Unfortunately, not enough studies were found to allow for a proper
meta-regression to assess sources of heterogeneity. We acknowl-
edge that patient characteristics such as age may differ to a sub-
stantial degree, and we have therefore selected the random-effects
meta-analysis model to account for between-study heterogeneity.
As we were not interested in the association between levator ani
muscle avulsion and stress urinary incontinence separately for pre-
defined groups, stratified analyses were not performed.

Chan et al. stands out as being the only positive association. In
their study, only 60% of the eligible women attended follow up. An
explanation for this low percentage might be the lack of symptoms in
women who were lost to follow up in comparison to women who did
attend. This might cause a higher a priori probability of pelvic floor
disorder symptoms (e.g. frequent voiding, incontinence, urgency)
and be an explanation of why the odds ratio is considerably higher
compared with the other studies.

Studies showing a protective association, Dietz et al.?> and
Morgan et al., 2% included women who had symptomatic pelvic organ
prolapse or other pelvic floor disorder symptoms. Furthermore,
the mean age of between 55 and 65 years, was higher in these two

Wi LEYH

22,23 17-21

studies, compared with the other five studies, where the
mean age was between 29 and 48 years. Considering these two fac-
tors, we would expect the a priori probability of these two studies
to be higher compared with the other studies.?? There is not a direct
explanation for why these women are less likely to have stress uri-
nary incontinence. An indirect explanation could be the therapeutic
success of pelvic floor muscle training, where all muscular structures
of the pelvic floor are trained. The possible beneficial effect of pelvic
floor muscle training relies on the basis of strengthening the urethral
sphincterand control.%% All women had pelvic organ prolapse or other
pelvic floor disorder symptoms and had been seen by a urogynecolo-
gist. It is possible that a large proportion of the study population had
undergone pelvic floor muscle training and so had improvement of
or no urinary incontinence symptoms. Another explanation could be
the anatomical changes in women with cystocele, which could lead
to pseudo-continence and explain the positive association.

In the studies by Chan et al.,'” Garcia Mejido et al.,*® Handa

l.,2° I.,%Y no association was found and they

eta and Mathew et a
included primiparous and multiparous women, varying from
12 months to 24 years postpartum. The fact that no association
was found, but the association between vaginal birth and urinary
incontinence remains, can be explained by several other potential
pathophysiologic mechanisms, including the devascularization of
the urethra and denervation of the pudendal nerve, causing uri-
nary incontinence.®%%?

Moreover, all studies assessed stress urinary incontinence by
using different validated questionnaires. The cut-off values for the
diagnosis of urinary incontinence were yes or no on the question

1719.21.23 gnd a validated questionnaire with

IZO

asked in four studies
scores, but no further specification for cut-off valuesin Handa et a

1.'® and Dietz et al.??

Garcia Mejido et a used urodynamics as an ad-
ditional diagnostic tool to assess urinary incontinence. Whether the
diagnostic accuracy of validated questionnaires and urodynamics
are the same is debatable.%® Studies using only validated question-
naires might provide a less accurate representation of women with
urinary incontinence compared with studies that did both. Despite
this, even with urodynamics no differences were found.

Further, the diagnosis of levator ani muscle avulsion was made
with translabial ultrasound or magnetic resonance imaging in all
studies. Detecting levator ani muscle avulsion with translabial
ultrasound shows moderate to good agreement when compared
with magnetic resonance imaging.>* Studies using ultrasound all
assessed the levator ani muscle left and right separately, defini-
tions for levator muscle ani avulsion were similar but still slightly

1,2 using magnetic res-

different for the studies. In Morgan et a
onance imaging, the levator ani muscle was scored for degree of
muscle defect with more than half of the muscle missing seen as
levator ani muscle avulsion, which is in agreement with defini-
tions used by studies using ultrasound. Definitions used for mag-
netic resonance imaging and translabial ultrasound show good
agreement.35

In conclusion, due to heterogeneity, it is challenging to com-

pare the included studies and their results. To account for these
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Study OR 95% Cl1 Weight

Dietz et al. 2009
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FIGURE 2 Pooled estimate forest plot

Study aoR 95% Cl Weight

Dietz et al. 2000 -
Morgan et al. 2009 ——|
Chan etal 2017
Handa et al. 2018

Mathew et al. 2019

0.46 [0.28-076] 21.1%
0.27 [0.12-061] 169%
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080 [0.43-150] 10.4%
0.80 [0.53-1.20] 223%

Random effects model
Heterogeneity: I” = 82%

0.72 [0.40-1,30] 100.0%

02 051 2 5

FIGURE 3 Pooled estimate forest plot adjusted for possible
confounders

differences, the random-effects model was used for pooling mea-
sures of association, in contrast to the fixed-effects model, which as-
sumes that differences in results are only due to sampling variance,
not due to differences between studies.

4.3 | Hypothesis of continence after avulsion

Reflecting on the possible pathophysiologic link between levator
ani muscle avulsion and stress urinary incontinence, we know that
levator ani muscle avulsion is an important factor in the patho-
physiology of pelvic organ prolapse, considering its effect on
pelvic floor anatomy and function.?*%¢%” The levator ani muscle
provides dynamic support to the urethra through the connection
to the endopelvic fascia of the anterior vaginal wall. This connec-
tion permits active contraction of the levator ani muscle to ele-
vate the vesical neck and relaxation of the muscle to allow it to
descend. The resting constant activity of the levator ani muscle
supports the vesical neck during normal activities. Besides, for ef-
fective urethral closure and continence, the proper functioning of
urethral sphincters is necessary. The external urethral sphincter
consists of a horseshoe-shaped part anterolateral of the urethra,
which is seen as the compressor of the urethra. It is only attached
to the puborectalis muscle, part of the levator ani muscle, and has
no bony attachment. Therefore, it appears reasonable to expect
that avulsion of the levator ani muscle contributes to ineffec-
tive urethral closure and could influence continence in a negative

way, 3840
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4.4 | Conclusion

In summary, although it is a reasonable possible pathophysiologic
relationship, this systematic review and meta-analysis could not sup-
port a relationship between levator ani muscle avulsion and urinary
incontinence in women. This contributes to a better understand-
ing of pathophysiologic mechanisms in stress urinary incontinence.
Further research concerning the relationship between levator ani
muscle avulsion and urinary incontinence after vaginal delivery

might elucidate the pathophysiology.
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