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Abstract
Introduction and hypothesis The aims of this study were to
evaluate the prevalence of levator ani muscle (LAM) avul-
sions in a selected cohort of patients with primary anterior
compartment pelvic organ prolapse (POP) and to assess
whether LAM avulsions, as an independent factor, affect the
degree of POP symptoms and sexual dysfunction.
Additionally, clinical and demographic variables of women
with and those without avulsions were compared.
Methods We carried out a cross-sectional analysis of a pro-
spective cohort study including 197 women scheduled for
anterior compartment POP surgery. LAM avulsions were di-
agnosed on transperineal 4D ultrasound. Preoperative symp-
tom severity and sexual dysfunction were evaluated using
validated questionnaires (Pelvic Floor Disability Index
[PFDI-20] and Pelvic Organ Prolapse/Urinary Incontinence
Sexual Questionnaire-Short Form 12 [PISQ-12]). Linear

regression was performed with avulsion as the main indepen-
dent variable against total PFDI-20 and domain scores, bulge
symptoms, and PISQ-12 score. Clinical and demographic var-
iables for women with and without avulsions were compared
using independent samples t test, Mann–Whitney U test or
Chi-squared test.
Results The prevalence of LAM avulsions was 50.3%.
Avulsions were not associated with symptom severity or sex-
ual dysfunction. BChronic disease causing pain, fatigue or
increased intra-abdominal pressure^was the only independent
factor associated with all domains of the PFDI-20. Women
with avulsions were younger at presentation, older at their first
delivery, had lower BMI, and more often had a history of
forceps delivery (p < 0.01).
Conclusions LAM avulsions were highly prevalent in this
preoperative POP cohort. Avulsions were not associated with
the severity of POP symptoms or sexual dysfunction. Women
with avulsions seem to require fewer additional cofactors for
developing POP.
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Introduction

Pelvic organ prolapse (POP) has a deleterious impact on the
quality of life for a large proportion of women worldwide,
with a reported prevalence ranging from 2.9 to 50%, depend-
ing on definitions and population groups [1, 2]. The most
common form of POP is a defect in the anterior compartment
[3]. The development of POP in women is multifactorial, with
recognized risk factors being age, obesity, chronic constipa-
tion, and above all, vaginal childbirth [4]. If the vaginal
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delivery causes a major injury to the levator ani muscle
(LAM), known as LAM avulsion, the risk of developing
POP, particularly in the anterior and mid-compartments, is
doubled [5]. LAM avulsions are defined as the detachment
of the pubic portion of the most medial part of the LAM from
its normal site of insertion at the anterior pubic ramus [6].
Minor levator injuries do not have the same impact on pelvic
floor function [7]; thus, the term avulsion is generally reserved
for major injuries. The avulsions may be uni- or bilateral [8].
Levator avulsions have been described in 13–20% of women
after their first vaginal delivery [8, 9] and an increased risk has
been suggested for forceps deliveries and older age at first
delivery [9, 10].

Previous studies have indicated that surgeries for POP in
women with LAM avulsions are less successful than in wom-
en without avulsions owing to a significantly higher risk of
recurrence [11]. Therefore, some authors suggest that women
with avulsions need a different surgical approach to POP re-
pair than women with intact LAM [11]. For that reason, it is
important to identify women with LAM avulsions among pa-
tients scheduled for POP surgery to give these women proper
counseling before surgery.

As LAM avulsion has been shown to exert an independent
impact on pelvic floor symptoms in women 3 months post-
partum [12, 13], we wanted to investigate whether that also
holds true for women seeking surgical treatment for symptom-
atic POP.

The aims of the present study were firstly to evaluate the
prevalence of LAM avulsions in a cohort of women scheduled
for primary surgery for anterior compartment POP and to as-
sess whether avulsions exert an independent impact on the
severity of POP symptoms and sexual dysfunction in such a
population. The secondary aim of the study was to compare
clinical and demographic differences in women with and
those without LAM avulsions.

Materials and methods

The present study was a cross-sectional analysis of an ongoing
prospective cohort study (clinical trial number NCT
02246387) evaluating anatomical outcomes in women sched-
uled for surgical correction of anterior compartment prolapse
at the Department of Gynecology, Oslo University Hospital,
Norway, between October 2014 and June 2016.

Women scheduled for POP surgery due to symptomatic
prolapse with a dominating anterior compartment defect and
who understoodNorwegian or English were offered inclusion.
Exclusion criteria were previous POP surgery or previous
hysterectomy (total/subtotal). Patients were approached for
study enrollment after the decision on surgery had been made.
Signed, informed consent was obtained. The study was

approved by the Regional Ethics Committee for the South
Eastern Region of Norway (reference 2013/2093).

All women had a standardized interview, including clinical
and obstetric antecedents. They were objectively assessed
using Pelvic Organ Prolapse Quantification (POP-Q) mea-
surements [14], and using 4D transperineal ultrasound. The
first author (SO) obtained ultrasound volumes at rest and at
maximal pelvic floor muscle contraction using a GE Voluson
S8 with a 4- to 8-MHz 4D abdominal probe. Tomographic
ultrasound imaging (TUI) with 2.5-mm steps from 5 mm be-
low the plane of minimal dimensions to 12.5 mm above this
plane was performed to diagnose uni- and bilateral total LAM
avulsions. Only major avulsions were considered [7, 9].

The diagnosis was confirmed off-line, on a desktop com-
puter using 4D View (GE Healthcare, Zipf, Austria). An intra-
and inter-rater validation process for the diagnosis of uni- and
bilateral levator avulsions was performed a minimum of
3 months after the initial examination. Fifty randomly selected
cases were re-examined by both the primary investigator (SO)
and an external evaluator (IV). The randomization and
renumbering for the re-evaluation of the tomographic images
was performed by a third person (RS) using the SPSS ran-
domization function to ensure blinding of both ultrasound
image interpreters. Inter- and intra-observer reliabilities were
determined using Cohen’s Kappa.

Preoperatively, the women were asked to fill out two vali-
dated short form questionnaires. The Pelvic Floor Distress
Inventory-Short Form 20 (PFDI-20), consists of three do-
mains (Pelvic Organ Prolapse Distress Inventory 6 [POPDI-
6], Colorectal Anal Distress Inventory 8 [CRADI-8], and
Urogenital Distress Inventory 6 [UDI-6]), whereas the Pelvic
Organ Prolapse/Urinary Incontinence Sexual Questionnaire-
Short Form 12 (PISQ-12) is treated as a total score [15, 16].
The questionnaires were translated into Norwegian from the
linguistically similar validated Swedish versions [17], as none
of them had been validated in Norwegian before the start of
the study. For women not fluent in Norwegian, but who spoke
and understood English, the English versions of the question-
naires were offered [15, 16]. Missing values were accounted
for as indicated in the original papers [15, 16]. Symptom
scores were treated as continuous variables in the final
analyses.

Sample size was originally estimated for the ongoing pro-
spective study on postoperative anatomical outcome. However,
a post-study power analysis for this cross-sectional study was
performed with an 80% test power and a 5% significance level,
supposing a 50% prevalence of LAM avulsion and proposing a
difference in Pelvic Floor Disability Index (PFDI-20) outcome
of 25 to be clinically relevant (one point increase in mean score
of one of the domains). With a SD of 55 (from our own data),
the necessary sample size was 152. We included 197 women in
our study (see below in the Results section); thus, the test power
should be appropriate.
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To evaluate the impact of LAM avulsions on symptom
severity and sexual function, linear regression analyses were
performed. The outcome variables analyzed were the follow-
ing: total PISQ-12 score, total and domain PFDI-20 scores in
addition to the single question: BDo you usually have a bulge
or something falling out that you can see or feel in the vaginal
area?^ (question 3, POPDI-6). The latter question was tested
because others have identified the single symptom of a bulge
to be the one most strongly correlated with POP severity [18].

Spearman’s correlation was used to analyze independent
variables against the above outcomes to identify which fac-
tors, in addition to LAM avulsion (the main independent fac-
tor), to include in the linear regression analysis. The variables
tested were: age, BMI, POP-Q stage of the anterior compart-
ment, parity, previous vacuum delivery, previous forceps de-
livery, sexual activity, use of local estrogen, in addition to
chronic disease causing pain, fatigue or increased intra-
abdominal pressure. The latter, represented by entities such
as fibromyalgia, chronic fatigue syndrome, irritable bowel
syndrome or chronic obstructive lung syndrome, was included
as an independent variable because others have found such
conditions to correlate closely with pelvic pain [19].
Assumptions for linear regression analyses were adequately
met. For each linear regression model, only variables with a p
value below 0.1 using Spearman’s correlation were included, in
addition to LAM avulsion.

Differences in clinical and demographic variables were
tested between women with LAM avulsions and those with
intact LAM. Independent samples t test was used when ade-
quate; otherwise, Mann–Whitney U test was used. Pearson’s
Chi-squared test was used for categorical variables.
Additional analyses were also performed comparing women
with unilateral avulsions with those with no avulsions and
women with bilateral avulsions with those with no avulsions.

A p value <0.05 was considered statistically significant.
The analyses were performed using SPSS version 24.

Results

The final study population consisted of 197 women (Fig. 1)
98.5% of whom were of European origin. Mean age was
61 years (SD 12, range 34–86) and mean BMI was 24.9 (SD
3.5, range 17.5–39.4). Systemic estrogen was used by 6.6%
and local vaginal estrogen by 43.7%. Median parity was 2
(range 0–7). Six women (3%) were nulliparous; the remaining
97% had undergone at least one vaginal delivery. Of the wom-
en having had a minimum of one vaginal delivery, 16.8%
(n = 191) had undergone at least one forceps delivery and
5.2% (n = 191) at least one vacuum delivery. Two women
had experienced both forceps and vacuum deliveries. For both
women, the forceps delivery was performed before the vacu-
um delivery; thus, they were classified within the forceps

group. Mean age at first delivery was 26 years (SD 5.2, range
17–41). Symptom scores were distributed as follows: PFDI-
20—mean 102.4 (SD 50.8) and median 99.0 (range 4.2–
264.6); POPDI-6—mean 45.7 (SD 21.7) and median 45.8
(range 0–100.0); CRADI-8—mean 22.3 (SD 19.1) and medi-
an 18.8 (range 0–81.3); UDI-6—mean 34.3 (SD 22.5) and
median 29.2 (range 0–100.0); PISQ-12—mean 14.1 (SD
7.0) and median 14.0 (range 0–32.0).

A total of 39 women in whom primary POP surgery was
planned were not included, either because of insufficient
Norwegian/English skills or due to missed/denied inclusion
(Fig. 1). These women did not differ significantly from the
study population regarding age or stage of prolapse in the
anterior compartment, but they had a significantly higher
BMI (mean 26.9 vs 24.9; p = 0.02).

The prevalence of LAM avulsions was 50.3% (n = 197).
Unilateral avulsions were seen in 18.8%, whereas bilateral
avulsions were seen in 31.5%. The inter-rater Cohen’s
Kappa was 0.82 and the intra-rater Cohen’s Kappa was 0.80
for the diagnosis of LAM avulsion on transperineal ultrasound.

Only Bchronic disease causing pain, fatigue or increased
intra-abdominal pressure^ was significantly associated with
all domains of the PFDI-20 symptoms score (p < 0.05), using
Spearman’s correlation. Increasing POP-Q stage in the anteri-
or compartment was significantly associated with CRADI-8
(p < 0.05) and the total PFDI-20 score (p < 0.05), whereas
parity was significantly associated with UDI-6 score (p < 0.01).

Women scheduled for surgery
in anterior compartment

N=243

Women included
N=204

Complete datasets
N=197

Excluded
N=39

Insufficient language skills n=12
Not willing to par�cipate n= 14

Missed for study recruitment n= 13

Incomplete ultrasound datasets
N=3

Incomplete ques�onnaires
N=4

Fig. 1 Women scheduled for surgery for anterior compartment POP,
inclusion, and study population (n = 197)
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None of the clinical and demographic variables were signifi-
cantly associated with the PISQ-12 score.

In addition to LAM avulsion (main independent variable),
variables with p < 0.1 from Spearman’s correlation analyses
were entered into the multivariate linear regression model.
Table 1 presents the adjusted impact of the independent vari-
ables on symptoms scores when using multivariate linear re-
gression analyses.

In the multivariate analyses, LAM avulsion was not signif-
icantly associated with any of the outcomes. Nor did testing
unilateral and bilateral avulsions separately against the out-
comes uncover any significant associations (data not shown).

BChronic disease causing pain, fatigue or increased intra-
abdominal pressure^ remained significantly associated with
all three domain sub-scores of the PFDI-20 and with the total
PFDI-20 score (Table 1). Parity remained significantly asso-
ciated with the total PFDI-20 score and the UDI-6 sub-score,
and age was the only factor associated with sexual symptoms
(Table 1).

Figure 2 depicts the distribution of total PFDI-20 scores
among women with and those without avulsions, illustrating
almost identical distributions of subjective pelvic floor distress
scores.

Clinical and demographic data for women with and those
without LAM avulsions are presented in Table 2. When com-
pared with women without avulsions, those with avulsions
were significantly younger at presentation, had a significantly
lower BMI, and were significantly older when they gave birth
to their first child. Moreover, they had a forceps delivery sig-
nificantly more often.

Discussion

In our population of women seeking primary surgery for an-
terior compartment POP, the prevalence of LAM avulsion was
50.3%, at the upper end of the rates previously reported from
urogynecological patient populations [20]. A likely explana-
tion is that women in the present study have more severe
prolapse and were scheduled for surgery for this condition.
Previous studies have found a clear association between
LAM avulsions and more severe pelvic floor symptoms
3months postpartum [12, 13], but such an independent impact
of avulsions on the severity of symptoms was not seen in our
cohort. The lack of association between avulsions and POP

Table 1 Association between independent variables and symptoms
scores in women scheduled for pelvic organ prolapse (POP) surgery

Independent variables B a 95% CI p R2b

Total PFDI-20 score
(pelvic floor distress)

LAM avulsion
Chronic disease
Parity

−9.8
42.6
6.5

−23.5; 3.9
20.3; 64.9
−0.1; 13.1

0.16
<0.001
0.05

0.11

POPDI-6 score
(pelvic organ
prolapse distress)

LAM avulsion
Chronic disease

−4.2
13.0

−10.2; 1.8
3.3; 22.7

0.17
<0.01 0.05

Question 3: sensation
of bulge

LAM avulsion
Chronic disease

−0.2
0.5

−0.5; 0.2
−0.1; 1.1

0.40
0.09 0.02

CRADI-8 score
(colorectal–anal distress)

LAM avulsion
Chronic disease
POP-Q stage
anterior compartment

−2.0
16.5
−4.6

−7.1; 3.1
8.0; 25.0
−9.5; 0.3

0.44
< 0.001
0.06

0.11

UDI-6 score (urinary distress)

LAM avulsion
Chronic disease
Parity
Local estrogen

−2.7
13.0
3.9
5.3

−8.8; 3.5
3.0; 23,0
0.9; 6.8

−0.8; 11.5

0.39
<0.05
<0.05
0.09

0.09

PISQ- 12 score
(sexual symptoms)

LAM avulsion
Chronic disease
Age

−1.1
2.9
−0.1

−3.8; 1.5
−1.2; 7.1
−0.2; −0.0

0.41
0.17
<0.05

0.06

Results from multivariate linear regression analyses (n = 197)

LAM levator ani muscle, PFDI-20 Pelvic Floor Disability Index 20,
POPDI-6 Pelvic Organ Prolapse Distress Inventory 6, CRADI-8
Colorectal Anal Distress Inventory 8, UDI-6 Urogenital Distress
Inventory 6, PISQ-12 Pelvic Organ Prolapse/Urinary Incontinence
Sexual Questionnaire-Short Form 12
a Linear regression coefficient B: expected change in dependent variable
(symptom scores) per unit independent variable
b R2 refers to the proportion of variation in dependent variable (symptom
scores) predictable from the independent variable

PFDI-20 Score
250-299200-249150-199100-14950-990-49

N
um
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f w
om
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20
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0

LAM
avulsion
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Fig. 2 Distribution of Pelvic Floor Disability Index (PFDI-20) total
symptom scores in women with and without levator ani muscle (LAM)
avulsions (n = 197)
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symptom bother has also been indicated in another study; how-
ever, this was retrospective and in a heterogeneous
urogynecological population [21]. It is plausible that the impact
of LAM avulsions on pelvic floor symptoms in the immediate
postpartum period is greater because of themore extensive acute
vaginal trauma with additional damage to nerves, fascia, and
connective tissue that to some extent may be partly reversible
with healing and reconstruction over time. A more likely expla-
nation is that that any association between LAM avulsions and
POP symptoms could be masked by the fact that all our patients
had POP symptoms severe enough to warrant surgical interven-
tion. Some studies have identified that stage of POP alone is
associated with the severity of symptoms [22].

This study found that the only significant factor that had an
impact on all the domains of pelvic floor symptoms was
Bchronic disease causing pain, fatigue or increased intra-
abdominal pressure^ (detailed as fibromyalgia, irritable bowel
syndrome, chronic obstructive lung disease, etc.). Bump and
Norton named some of these chronic conditions Bpromoting
factors^ in the natural history of POP development [23], po-
tentially because women with a symptomatic chronic condi-
tion have more severe baseline symptoms and thus a lower
threshold for seeking medical evaluation for any additional
increase in symptom intensity. An association between chron-
ic diseases and sexual function has not been identified to the
same extent as for POP symptoms, although poor physical
condition has been shown in a study by Laumann et al. to be
a risk factor for sexual impairment [24]. In our study of wom-
en with symptomatic POP, older age was the only factor as-
sociated with preoperative sexual dysfunction.

There are many factors that contribute to sexual dysfunc-
tion in POP patients, it is known that many aspects are in-
volved, not just pain, discomfort, and dyspareunia, but also
psychological factors, such as embarrassment and reduced
libido [25]. The cohort selection may have impeded the pos-
sibility of identifying any separate impact from LAM avul-
sions, as the effect from the stage of prolapse alone may have
diluted any impact from the avulsions.

The present study supports acknowledged risk factors for
major pelvic floor trauma causing LAM avulsions, such as
forceps delivery [9] and older age at first delivery [10], as
these were significantly more prevalent among women with
avulsions. Although forceps delivery is the most widely ac-
cepted risk factor for LAM avulsions, our study indicates that
the association between older age at first delivery and avul-
sions is equally strong. As postulated by others, this may be
because older age at first delivery exerts an independent im-
pact on the development of POP, regardless of LAM avulsion
[26], possibly because the pelvic floor in older women is less
elastic and thus more vulnerable to the delivery-related trauma
of nerves, connective tissue, and muscles [11].

High BMI is a commonly accepted risk factor for POP [2].
We found, however, that women with LAM avulsions in this
cohort had a significantly lower BMI than women with intact
LAM. This supports the notion of women with a fragile, in-
jured LAM needing fewer additional risk factors to develop
POP owing to the importance of the LAM for normal pelvic
floor function.

In our study, women with avulsions were significantly
younger when they presented for POP-related symptoms than

Table 2 Comparison of baseline data for POP patients scheduled for surgery, either with LAM avulsions (n = 98) or without LAM avulsions (n = 99)

LAM avulsions (n = 99) Without LAM avulsions (n = 98) Mean difference (95% CI) p value

Age at presentation, mean (SD)a 58.6 (12.2) 63.1 (11.1) −4.51
(−7.78; −1.23)

<0.01

BMI, mean (SD)a 24.1 (2.9) 25.6 (3.8) −1.44
(−2.40; −0.49)

<0.01

Age at first delivery, mean (SD)a 27.7 (5.5) 25.0 (4.5) 2.70
(1.27; 4.13)

<0.001

POP-Q stage, anterior compartment, mean (SD)a 2.59 (0.52) 2.54 (0.56) 0.05
(−0.11; 0.20)

0.56

Parity, median (range)b 2.0 (0–7) 2.0 (0–6) 0.29

Forceps delivery, percentage (n/N)c 25.3
(25/99)

8.7
(8/92)d

3.55 (OR)
(1.50; 8.34)

<0.01

Vacuum delivery, percentage (n/N)c 7.1 (7/99) 3.3 (3/92)d 2.26 (OR)
(0.57; 9.00)

0.33

Postmenopausal, percentage (n/N)c 76.8 (76/99) 87.8 (86/98) 0.38 (OR)
(0.17; 0.84)

<0.05

Sexually active, percentage (n/N)c 60.6 (60/99) 50.0 (49/98) 1.53 (OR)
(0.87; 2.70)

0.13

a Independent samples t test
bMann–Whitney U test
c Pearson Chi-squared
d Six nulliparous women excluded

Int Urogynecol J (2018) 29:63–69 67



women without avulsions, indicating that the time gap be-
tween pelvic floor trauma and symptoms is narrowed by the
muscle injury per se and not only because women with LAM
avulsions gave birth closer to the menopause. Thomas et al.
describe a similar association between forceps delivery (caus-
ing vaginal trauma) and POP presentation [26]. These findings
imply that women with LAM avulsions require fewer addi-
tional risk factors to develop symptomatic POP with a need
for surgery.

As women with LAM avulsions tend to develop symptom-
atic POP at a younger age and are possibly at a higher risk of
postoperative symptomatic recurrence [11], special surgical
methods have been proposed for LAM reconstruction [27].
However, it is not generally acceptable to perform such sur-
geries (with the inherent risk of unsuccessful postoperative
results) in asymptomatic women with avulsions to prevent
possible future pelvic floor symptomatology. The main pre-
vention therefore relies on avoiding LAM injury during deliv-
ery. In obstetrics, attention has been paid to preventing obstet-
ric anal sphincter injuries by manually slowing the delivery of
the infant’s head [28]. A similar focus must be placed on the
prevention of levator injuries, while optimizing short- and
long-term outcomes for mother and child. Such increased
awareness of prevention has reduced the incidence of anal
sphincter injuries in Norway over the last decade [28] and it
is plausible that the same reduction can be achieved for levator
avulsions.

The main strengths of the present study are a clinically
well-described population and an adequate sample size. We
compared groups of women with and without LAM avulsions
of equal size. The calculated inter- and intra-rater reliabilities
for ultrasound diagnosis of avulsions were excellent (Cohen’s
Kappa values of 0.82 and 0.80 respectively for inter-rater and
intra-rater reliability). We were not able to find any informa-
tion in previous publications on how to dichotomize PFDI-20
and PISQ-12 symptom scores in POP patients; thus, the scores
were treated as continuous variables. However, the mean and
median symptom scores from the present study may help di-
chotomization into low/high scores for POP patients in future
studies.

The study questionnaires were translations from the vali-
dated Swedish versions (Sweden being similar linguistically
and socioculturally), implying potential misinterpretations.
The PISQ-12 questionnaire on sexual symptoms is only vali-
dated for sexually active women in heterosexual relationships;
therefore, important information on sexual symptoms in ho-
mosexual or Bsexually inactive^ women could have been lost.
Moreover, the expression of sexual symptoms may also vary
according to ethnicity [29]; thus, our population of mainly
women of European heritage may not be representative of
other populations. However, ethnicity has not previously been
demonstrated to have an important impact on pelvic floor
symptoms [30].

In conclusion, our study confirms a high prevalence of
LAM avulsions in women with predominant anterior com-
partment prolapse who were scheduled for surgical interven-
tion. Levator avulsions seem to shorten the time gap between
the inciting vaginal birth and symptomatic POP, but do not
seem to have an impact on the severity of pelvic floor symp-
toms or sexual dysfunction.Moreover, our study indicates that
older age at first delivery and forceps delivery increase the risk
of avulsions, which implies that special care must be taken to
avoid major obstetric vaginal trauma, especially in older
primiparas.
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