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Abstract
Introduction and hypothesis Levator ani muscle (LAM) avul-
sion is associated with pelvic organ prolapse (POP). There is
limited information on the prevalence of LAM avulsion in
Chinese women with POP. This study evaluated the preva-
lence of LAM avulsion in women presenting with POP and
the effects on their quality of life (QoL).
Methods This prospective study was conducted in a tertiary
urogynecology center. Chinese women presenting with POP
were recruited and completed standardized questionnaires ex-
ploring their symptoms and QoL and underwent gynecologi-
cal examination to assess the stage of POP and involved com-
partments. Four-dimensional translabial ultrasound (US) was
performed on all women, and evaluation of LAM avulsion
was done offline.
Results Three hundred and ninety-eight women completed
the study. The prevalence of LAM avulsion was 38.9%
[95% confidence interval (CI) 34.1–43.7%]; 31 (7.8%), 26
(6.5%), and 98 (24.6%) had left, right, and bilateral LAM
avulsion, respectively. LAM avulsion was associated with a
more advanced stage of prolapse (P < 0.005) and prolapse of
stage ≥II of all three compartments. Bilateral LAM avulsion
was associated with a more severe stage of prolapse. More
women with LAM avulsion reported bothersome symptoms
of prolapse and had higher Pelvic Organ Prolapse Distress

Inventory (POPDI) and Urinary Incontinence Questionnaire
(UIQ) scores, implying more impairment in QoL. However,
after multivariate linear regression analysis, POP stage
remained a significant predictor of POPDI and UDI scores
(P ≤ 0.006); LAM avulsion was not a predictor (P = 0.2 and
0.27, respectively).
Conclusions LAM avulsion was detected in 39% of Chinese
women with POP. It was associated with a more advanced
POP stage, and these women had more impairment of QoL.
However, LAM avulsion was not an independent factor
influencing the QoL of these women.
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Introduction

The levator ani muscle (LAM) is important for pelvic floor
support [1]. LAM avulsion was found in 15–21% of women
after vaginal deliveries, with the first delivery associated with
the highest risk [2–5]; risk was greater after forceps delivery
[2, 6]. Although LAM avulsion may result in a reduction in
pelvic floor muscle contractility [4, 7], it was not associated
with symptoms of pelvic floor disorders and impaired quality
of life (QoL) in the months following delivery [6, 8].

Mean latency between first vaginal delivery and presenta-
tion of pelvic organ prolapse (POP) has been reported to be
33.5 years [9], and women with POP had impaired QoL [10].
LAM avulsion has been found in 32–80% of women with
POP [9, 11, 12]. This condition is important because it in-
creases the risk of prolapse recurrence, even after surgical
treatment [12]. However, previous studies on the prevalence
of LAM avulsion in women with POP mainly involved
Caucasian women. It is known that there are differences in
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pelvic floor muscle biometry and pelvic organ mobility be-
tween nulliparous East Asian and Caucasian women [13].
There are also possible differences labor management during
delivery, such as rates of epidural analgesia and episiotomy in
different populations, whichmay affect the incidence of pelvic
floor trauma [2, 14].

The aim of this study was to define the prevalence of LAM
avulsion in Chinese women presenting with POP and to study
the impact of LAM avulsion on their QoL.

Materials and methods

This prospective observational study was conducted in a ter-
tiary urogynecology center. Chinese women, who were re-
ferred with a chief complaint of POP and were not on active
treatment for it, were invited to participate in the study.
Women currently managed with a vaginal ring pessary or
who were not able to fill in the standard questionnaires were
excluded. Written consent was obtained, and the study was
approved by the institutional ethics committee (CREC
2015.125).

Women were asked to complete the validated Chinese
Pelvic Floor Distress Inventory (PFDI) and Pelvic Floor
Impact Questionnaire (PFIQ) during their first consultation
to explore their symptoms and health-related QoL [15].
They were also asked to grade the impact of pelvic floor dis-
orders using a 1- to 10-cm visual analog scale, with a higher
score referring to greater impairment. Demographic data and
body mass index (BMI) were obtained. Women were then
assessed by gynecologists who were blinded to the above
information to determine prolapse stage according to the
Pelvic Organ Prolapse Quantification (POP-Q) system and
the involved compartments [16]. Women who were not able
to give consent and/or to fill in the PFDI and PFIQ were
excluded from the study.

A standard translabial ultrasound (US) scan was performed
to assess pelvic floor anatomy. A GE Voluson 730 3D US
system (GE Medical systems, Zipf, Austria) with a 4- to 8-
MHz 3D/4D autosweep transducer was used for image acqui-
sition. The transducer was placed on the perineum in the mid-
sagittal plane immediately after voiding, with women in the
supine position. US volumes with a sweep angle of 85 ° were
obtained at rest, during maximal pelvic floor muscle contrac-
tion, and during maximal Valsalva [17]. The volume data sets
were saved and analyzed in a standard manner. Offline anal-
ysis of US data was done remote from the actual examination.
At most, three contractions and three Valsalva were
performed.

The LAMwas assessed using tomographic US imaging on
volumes obtained at maximal pelvic floor contraction at 2.5-
mm slice intervals from 5-mm below to 12.5-mm above the
plane of minimal hiatal dimensions, which is the horizontal

line between the pubic symphysis and anorectal junction in
the midsagittal plane [18]. LAM avulsion was defined accord-
ing to the minimal criteria for complete avulsion of the LAM
in at least three central slices obtained at the level of minimal
hiatal dimension and 2.5 and 5 mm above [18]. In doubtful
cases, measurements of the levator–urethral gap were made by
placing calipers in the center of the hypoechogenic structure
that indicates the urethra and on the most medial aspect of the
muscle insertion [18]. A cutoff of 23.65 mm for the levator–
urethral gap has 92% sensitivity and 95% specificity for diag-
nosing LAM avulsion in Chinese women with POP [19]. In
cases where the woman could not perform pelvic floor con-
traction, the volume at rest was used for analysis.

The terminology in this manuscript followed the IUGA-
ICS joint report on terminology for female pelvic floor dys-
function [20].

Sample size

LAM avulsion was found in 15–21% of women after vaginal
deliveries and in 32–80% of women with POP [2–4, 9, 11,
12].We assume its prevalence in Chinese women with POP to
be 40%, with an accepted error of 5%, thereby making the
sample size needed 369.

Statistical analysis

Descriptive analysis was used to study the prevalence of LAM
avulsion, POP stage, and demographic data. Chi-squared test
and Mann–Whitney U test were used for statistical compari-
sons. Multivariate linear regression analysis was used to as-
sess POP stage and LAM avulsion to predict women’s QoL.
P < 0.05 was considered statistically significant.

Results

A total of 458 women were referred to our unit with the chief
complaint of POP during the study period. However, 14
(3.1%) were already being managed with a vaginal ring pes-
sary, and another 46 (10%) could not complete the question-
naire due to time constraints, illiteracy, or mental illness,
leaving a total of 398 (86.9%) women with complete data
sets. Mean age was 62.4 ± 10.1 years (range 33–88), mean
parity 3.0 ± 1.6, and mean BMI 25.2 ± 3.7 kg/m2. Twenty-
three women had a history of hysterectomy, among whom,
two had a history of vaginal hysterectomy and pelvic floor
repair. Although they experienced POP recurrence, they
did not receive treatment before attending the clinic.
Overall, 9.0%, 65.9%, 22.1%, and 3.0% had stage I, II,
III, and IV POP, respectively; 83.3%, 58.3%, and 26.9%
had stage ≥II anterior, middle, and posterior compartment
prolapse, respectively.
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LAM avulsion was found in 155 women [38.9%, 95%
confidence interval (CI) 34.1–43.7%]. In all, 31 (7.8%) had
left, 26 (6.5%) right, and 98 (24.6%) bilateral LAM avulsion.
There was no significant difference in age, BMI, parity, and
number of vaginal births for women with or without LAM
avulsion. Women who had LAM avulsion were associated
with a more advanced stage of prolapse (P < 0.005)
(Table 1). LAM avulsion was also associated with prolapse
of stage ≥II in all three compartments. Bilateral LAM avul-
sion was associated with more severe stage of prolapse
(Table 2).

Regarding PFDI question 4: BDo you usually have sensa-
tion of bulging or protrusion from vaginal area?^ and question
5: BDo you usually have a bulge or something falling out that
you can see or feel in the vaginal area?^ More women in the
LAM avulsion group reported that symptoms bothered them
(avulsion vs no avulsion group: question 4, 80% vs 70.4%;
question 5, 81% vs 72%, both P = 0.04). PFDI subscale scores
were higher for the avulsion group than for the no avulsion
group, but only the POPDI reached statistical significance
(P = 0.035) (Table 3). PFIQ Urinary Impact Questionnaire
(UIQ) score was significantly higher for the group with
LAM avulsion [20.8 (3.3–72.1) vs 12.6 (0–44.7); P = 0.049]
but not for the Pelvic Organ Prolapse Impact Questionnaire
(POPIQ) or the Colorectal Anal Impact Questionnaire
(CRAIQ) (Table 3). The UIQ travel and social subscale scores
were significantly higher in women with LAM avulsion (both
P = 0.03). There was also a tendency for higher self-reported
VAS scores in the group with LAM avulsion: 5.2 [standard
deviation (SD) 2.7] vs 4.7 (2.9),P = 0.07, although this did not
reach statistical significance.

Women who had stage III or IV POP had higher PFDI
subscale scores than women who had stage I or II POP
(Table 3). After conducting multivariate linear regression
analysis to assess POP stage and LAM avulsion to predict
QoL, only POP stage remained a significant predictor of

POPDI (P < 0.005) and UDI (P = 0.006) scores; LAM avul-
sion was not a predictor (P = 0.2 and 0.27, respectively).

Discussion

Translabial US is very useful in the investigation of pelvic
floor anatomy, with detachment of the puborectalis muscle
clearly visualized. Furthermore, US is usually more widely
available than magnetic resonance imaging (MRI). It is en-
couraging that the samemethod for diagnosing LAM avulsion
using translabial US has been adopted in many previous pub-
lications, allowing comparison between different studies [18].
Amore complicated scoring system is not needed, as it has not
been shown to be superior to the discrete diagnostic method
[18, 21].

The prevalence of LAM avulsion in women with pelvic
floor disorders who presented to urogynecology units were
reported to be 15–37% [7, 21, 22]. Among them, 41% had
bilateral LAM avulsion [7]. In women who would receive
POP surgery, the prevalence was 53.6% [11]. In this study,
we found that 38.9% of women with POP had LAM avulsion.
Our prevalence is expected to be higher if the previous studies
included women presenting not only for POP but also for
urinary incontinence, fecal incontinence, or defecatory prob-
lems [7, 21, 22]. It was lower, though, in women receiving
surgical treatment [11]. This could be because women with
more severe prolapse had a higher tendency to choose surgical
treatment and that LAM avulsion is a risk factor for vaginal
pessary expulsion [10, 23].

Previous research has confirmed the association of LAM
avulsion with anterior- and middle-compartment prolapse and
significant prolapse defined as stage ≥ II[12]. However, there
is limited information between LAM avulsion and prolapse
stage. Here, we report that the rate of LAM avulsion increases
with prolapse stage, with > 50% of women with LAM

Table 1 Relationship between
levator ani muscle (LAM)
avulsion and prolapse stage

Prevalence of LAM avulsion
according to POP stage

n = 389

Presence of LAM avulsion

n = 155

No LAM avulsion

n = 243

P value*

POP stage <0.005

I 6 (16.7%) 6 (3.9%) 30 (12.3%)

II 93 (35.5%) 93 (60.0%) 169 (69.5%)

III 48 (54.5%) 48 (31.0%) 40 (16.4%)

IV 8 (66.7%) 8 (5.1%) 4 (1.6%)

Stage ≥ II POP

Anterior - 129 (89.6%) 181 (79.4%) 0.01

Middle - 99 (68.8%) 116 (50.9%) 0.001

Posterior - 48 (33.3%) 53 (23.2%) 0.033

POP pelvic organ prolapse

*Comparing LAM and no LAM avulsion groups
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avulsion if they had stage III or IV prolapse. Looking for
LAM avulsion, especially in women with advanced prolapse
stages, may help with counseling on management options and
treatment efficacy. LAM avulsion increases the risk of failure
in retaining a vaginal pessary and in having a higher rate of
recurrence after surgical repair [11, 23].

Shortly after delivery, women with avulsion noticed re-
duced pelvic floor strength and had a lower POP-Q Aa and
Ba point and a higher POPDI general score [8, 24]. However,
there was no association of LAM avulsion and impaired QoL
when women were followed up 1 year after delivery [8]. It

may be doubtful that LAM avulsion impaired QoL in women
with POP. Until only recently, Abdool et al. reported that
significant associations between awareness and visualization
of a vaginal lump by women with POP and LAM avulsion
[25]. Our findings from PFDI questions 4 and 5 were consis-
tent with their findings. However, interference with everyday
life was not associated with avulsion in their study [25]. We
found that the PFDI-POPDI and PFIQ-UIQ scores were
higher for the LAM avulsion than the no avulsion group.
There was also a tendency of higher self-reported VAS score
for women with LAM avulsion. However, the difference on

Table 3 Pelvic Floor Distress
Inventory (PFDI) and Pelvic
Floor Impact Questionnaire
(PFIQ) scores according to
presence or not of levator ani
muscle (LAM) avulsion and
pelvic organ prolapse (POP) stage

PFDI and PFIQ All

(n = 398)

LAM avulsion

(n = 155)

No LAM avulsion

(n = 243)

P value

UDI 51.3 (25.0–87.6) 56.3 (28.1–104.9) 50.5 (24.6–79.2) 0.073

POPDI 63.1 (29.8–112.5) 72.0 (34.4–119.5) 57.4 (26.2–103.6) 0.035

CRADI 40.7 (14.3–82.6) 47.7 (15.5–91.9) 34.8 (14.3–80.4) 0.128

UIQ 15.3 (0–54.9) 20.8 (3.3–72.1) 12.6 (0–44.7) 0.049

POPIQ 22.2 (0–70.2) 24.3 (0–73.2) 21.5 (0–58.8) 0.243

CRAIQ 0 (0–11.1) 0 (0–12.2) 0 (0–10.1) 0.924

Stage I Stage II Stage III and IV

UDI 42.0 (18.1–72.6) 51.5 (24.8–85.9) 56.7 (31.4–107.5)* 0.047

POPDI 33.0 (16.4–70.5) 64.6 (29.8–105.5)* 75.0 (38.7–145.2)*,** 0.001

CRADI 25.7 (10.7–50.4) 44.2 (15.7–86.0)* 42.9 (10.7–81.0) 0.07

UIQ 25.8 (0–56.3) 15.3 (0–44.5) 15.3 (0–105.8) 0.571

POPIQ 7.2 (0–81.7) 23.0 (3.9–58.3) 26.9 (0–112.0) 0.114

CRAIQ 0 (0–11.5) 0 (0–11.1) 0 (0–12.5) 0.847

CRADI Colorectal Anal Distress Inventory, CRAIQ Colorectal Anal Impact Questionnaire, POPDI Pelvic Organ
Prolapse Distress Inventory, POPIQ Pelvic Organ Prolapse Distress Inventory, UDI Urogenital Distress
Inventory, UIQ Urinary Impact Questionnaire

Data is presented in median (interquartile range)

*P < 0.05 when compared with stage I, **P < 0.05 when compared with stage II

Table 2 Relationship between
no, unilateral, and bilateral levator
ani muscle (LAM) avulsion and
prolapse stage

No avulsion

n = 243

Unilateral avulsion

n = 57

Bilateral avulsion

n = 98

P value

Stage <0.001

I 30 (12.3%) 5 (8.8%) 1 (1.0%)

II 169 (69.5%) 35 (61.4%) 58 (59.2%)

III 40 (16.4%) 12 (21.0%) 36 (36.7%)

IV 4 (1.6%) 5 (8.8%) 3 (3.1%)

Stage ≥II POP
Anterior 195 (80.2%) 48 (84.2%) 90 (91.8%) 0.032

Middle 117 (51.9%) 38 (66.7%) 68 (69.4%) 0.005

Posterior 57 (23.5%) 18 (31.6%) 32 (32.7%) 0.153

Compartment

Anterior 238 (97.9%) 56 (98.2%) 97 (99.0%) 0.805

Middle 240 (98.8%) 57 (100%) 98 (100%) 0.381

Posterior 187 (77.0%) 48 (84.2%) 84 (85.7%) 0.132

POP pelvic organ prolapse
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QoL scores between women with or without LAM avulsion
was small. On multivariate regression analysis, only POP
stage was a predicator of POPDI and UIQ scores; LAM avul-
sion was not a predictor. This implies that POP stage exerts
more influence on QoL of women, and women with a more
advanced stage had qreater QoL impairment compared with
women with a milder POP stage. Presence of LAM avulsion
was not an independent factor affecting QoL. This was con-
sistent with Endress et al.’s findings [26]. Apart from LAM
avulsion, other pelvic floor traumamay contribute to POP and
impaired QoL of women, e.g., mobility of pelvic organs or
irreversible hiatal distension.

The strength of our study included a reasonably large sam-
ple size and a homogenous group of women of the same
ethnicity, for which there is limited information in the litera-
ture. We also used standardized questionnaires to study pelvic
floor symptoms and QoL. However, since only Chinese wom-
en were studied, results may not be generalizable to other
populations.

In conclusion, 39% of women with POP had LAM avul-
sion. LAM avulsion was associated with a more advanced
POP stage. Women with more advanced POP stage had great-
er QoL impairment. However, LAM avulsion was not an in-
dependent factor influencing QoL.
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