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Abstract

Purpose To explore the value of high-frequency two-dimensional (2D) ultrasound on demonstrating the morphology of
puborectalis muscle and detect muscle avulsion.

Methods High-frequency 2D ultrasound and tomographic ultrasound image (TUI) were peformed to demonstrate puborec-
talis muscle and detect muscle avulsion respectively among 158 women with or without significant pelvic organ prolapse
(POP) (POP quantification grade 2 or higher). Mean values were compared using student’s 7 test between women with or
without avulsion defects. We performed Cohen’s Kappa analysis to examine the test agreement between high-frequency 2D
ultrasound and TUI mode. Pearson correlation analysis was performed to explore the relationship between the thickness of
puborectalis muscle and the measurements of levator—urethra gap (LUG).

Results The result of high-frequency 2D ultrasound in detecting muscle avulsion agreed well with TUI mode (Kappa 0.88,
P <0.05). Women with muscle avulsion had thinner muscles and larger LUG measurements than those with normal muscle
insertion (P <0.05). Pearson correlation analysis revealed the negative relationship between the thickness of puborectalis
muscle and LUG measurements (r=—0.73).

Conclusion The study confirmed that it was feasible to observe the morphology of puborectalis muscle and detect muscle
avulsion by high-frequency 2D ultrasound.
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Introduction

Pelvic floor dysfunction (PFD) is a common condition
among women, especially in aged women over 50 years or
young postpartum women with prolonged second stage of
labor in vaginal delivery. The mechanism is not fully under-
stood; parity, delivery mode, growing age and inherent
weakness are all high-risk factors [1]. The pelvic floor is a
complex structure composed of organs, bones, muscles, fas-
cia, ligaments and other supportive tissues. The levator ani
muscles, especially puborectalis muscle, play an important
role in maintenance of the integrity of pelvic floor and the
normal morphology of levator hiatus. Once the muscles are
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defected, the pelvic organs will drop in position or even pro-
lapse and the area of levator hiatus will increase abnormally
[2, 3]. Muscle avulsion may also be an important indicator
of pelvic organ prolapse recurrence [4], so detecting muscle
avulsion timely and effectively may be of great value for
prolapse management.

Three-dimensional (3D) ultrasound, magnetic resonance
imaging (MRI) and clinical palpation have been broadly
applied in the diagnosis of muscle avulsion [5-7]. MRI can
provide a multiplanar view of levator ani muscles with its
high-resolution and thin-layer scanning technology and has
been taken as the standard in the diagnosis of muscle avul-
sion. Tomographic ultrasound image (TUI), a special mode
of 3D ultrasound, is becoming more and more popular in
recent years for its ease of use, multiplanar imaging capac-
ity, and excellent temporal resolution. TUI mode is used to
measure the levator-urethra gap (LUG) for detecting muscle
defects in common, both for Caucasians and Chinese [8—10].
Numerous researches have proved the value of TUI and MRI
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in the overview of levator ani muscles and diagnosis of mus-
cle avulsion [6, 11-14]. Conventional 2D ultrasound with
abdominal transducer was also used to detect levator defects
[15]. High-frequency two-dimensional (2D) ultrasound
was used to evaluate the biological function of levator ani
muscles by elastography [16, 17]. Levator ani muscle was
in a superficial position under perineum, so we raised the
hypothesis that high-frequency 2D ultrasound could show a
more clear image of levator ani muscle. After repeated clini-
cal practice, we found high-frequency 2D ultrasound could
demonstrate more details such as muscle fibers when com-
pared with conventional 2D mode. However, to our knowl-
edge, there has been no research concerning about the role of
high-frequency 2D ultrasound in evaluating the thickness of
puborectalis muscle and detecting muscle avulsion.

In this study, we, therefore, tried to evaluate the thick-
ness of puborectalis muscle and detect muscle avulsion with
high-frequency 2D ultrasound. TUI mode was also used to
detect muscle avulsion to estimate the validity of the new
method.

Patients and methods

This prospective, observational study was conducted by
Department of Ultrasound in Medicine of Shanghai Jiao
Tong University Affiliated Sixth People’s Hospital from
March 2018 to January 2019. The study design was approved
by the Human Ethics Committee of the hospital. A total of
164 women who went to the urological and gynecological
clinic of the hospital for consultation of pelvic floor dis-
comfort, such as pelvic organ prolapse, urine incontinence,
vaginitis, pelvic inflammatory disease, dysuria and sexual
pain were included. Women with prior surgery for inconti-
nence or prolapse and those who were unable to perform a
maximum muscle contraction after repeating several times
were excluded. All enrolled women were required to have a
standardized clinical questionnaire, physical examination for
prolapse according to POP quantification system and trans-
perineal ultrasound examination. POP quantification grade 2
or higher refers to prolapse situated <1 cm above the hymen.

A 11L-D 2D linear transducer (GE Medical System, Zipf,
Australia) was placed at an inclination of 10-20° from mid-
sagittal plane to detect muscle insertion on the inferior pubic
ram [15]. The image of a normal intact of the muscle on the
inferior pubic ramus on high-frequency 2D ultrasound repre-
sented as hyperechogenic muscle fibers clearly visible from
muscle insertion to anorectal junction. Puborectalis muscle
defect or avulsion was diagnosed if there was a detachment
or avulsion of its muscle insertion from the pelvic sidewall,
representing as the normal insertion being replaced by an
abnormal hypoechogenic zone on high-frequency 2D ultra-
sound. The muscle thickness should be measured vertical to
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muscle fibers, starting from the muscle insertion on maxi-
mum muscle contraction, and the measurements were taken
at intervals of 0.5 cm (Fig. la, b). A total of three meas-
urements were taken and the three measured values were
averaged.

Tomographic ultrasound was performed on every woman
after bladder emptying with the RAB4-8-D 3D volume
transducer (GE Medical System, Zipf, Australia) placed on
the perineum in the mid-sagittal plane at maximum mus-
cle contraction. A series of eight tomographic images were
obtained in the axial plane at pelvic muscle contraction at
intervals of 2.5 mm from 5.0 mm below to 12.5 mm above
the plane of minimal levator hiatus. The normal muscle
intact on TUI mode represented as puborectalis muscle
originating from the pubic rami and forming a symmetrical
V-shaped sling towards from the pelvic sidewall to the ano-
rectal junction. The abnormal muscle intact on TUI mode
was diagnosed when there was abnormal hypoecho inserted
between the muscle and pelvic sidewall. The measurement
of LUG was performed from the center of the hypoechogenic
structure indicating the urethral mucosa and smooth muscle
to most medial aspect of the muscle insertion (Fig. lc, d).
LUG parameters were measured on both sides in the three
central slices. A cut-off value of LUG > 25 mm was deter-
mined to diagnose puborectalis avulsion [8]. In our study,
muscle avulsion was diagnosed once unilateral or bilateral
LUG > 25 mm in any one of the three central slices. The
images were analyzed separately by two operators profes-
sional in diagnosing muscle avulsion, and they were blinded
to each other.

Statistical analysis was undertaken using SPSS 22.0 soft-
ware for Windows (SPSS Chicago, IL, USA). The measure-
ments were expressed as mean =+ standard deviation. Mean
values were compared using student’s 7 test. Cohen’s Kappa
analysis was used to examine the test agreement between
high-frequency 2D ultrasound and TUI mode. Pearson cor-
relation analysis was performed to explore the relationship
between the thickness of puborectalis muscle and LUG
measurements. A value of P <0.05 was considered of sta-
tistical significance.

Results

Of the all 164 datasets, 6 were excluded from analysis for
poor image quality, leaving valid data for 158 patients. The
average age of study women was 49 years (range 20-71)
and the mean body mass index (BMI) was 22.26 kg/m?
(range 17-29). A total of 143 (90%) women were parous
and the median parity was 2 (range 1-7). A total of 107
(67%) women had spontaneous vaginal deliveries, and
36 (23%) women had one or more deliveries assisted by
forceps. Presenting complaints were urinary dysfunctions
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Fig. 1 a High-frequency 2D ultrasound view of normal puborecta-
lis muscle insertion on the inferior pubic ram, muscle thickness was
measured vertical to muscle fibers from the muscle insertion at inter-
vals of 0.5 cm. b High-frequency 2D ultrasound view of puborectalis
muscle avulsion of its muscle insertion from the pelvic sidewall, with
the normal insertion being replaced by an abnormal hypoechogenic
zone, as marked by arrow, muscle thickness was measured. ¢ Tomo-

(37%) such as stress incontinence, urge incontinence and
dysuria, symptoms of prolapse (23%) such as bladder pro-
lapse, vaginal bulging and heavy sensation, and diarrhea
or chronic constipation (23%). After clinical examination
(POP-Q system), a total of 108 (68%) women were shown
to have severe prolapses (POP-Q grade > 2 or higher).

The agreement between high-frequency 2D
ultrasound and TUI mode in diagnosis of muscle
avulsion

In the 158 enrolled women, avulsion defects were detected
in 57 women (36%), with a proportion of 26 (16%) left
defects, 13 (8%) right defects and 18 (12%) bilateral
defects on high-frequency 2D ultrasound. On TUI mode,
puborectalis avulsion was diagnosed in 60 women (38%),
with a proportion of 23 (15%) left defects, 13 (8%) right
defects and 24 (15%) bilateral defects. Cohen’s Kappa
analysis verified the excellent agreement between high-
frequency two-dimensional ultrasound and TUI mode in
the diagnosis of avulsion defects (Kappa 0.88, P <0.05)
(Table 1).

graphic image of normal puborectalis muscle insertion on the inferior
pubic ram, LUG was performed from the center of the hypoechogenic
structure indicating the urethral mucosa and smooth muscle to most
medial aspect of the muscle insertion. d Tomographic image of pubo-
rectalis muscle avulsion, with obvious defects in the central three
slices, as marked by arrow, LUG was performed. PR pubic rami,
PRM puborectalis muscle

Muscle thickness and LUG measurements
between women with avulsion defects or normal
insertion

The thickness of puborectalis muscle on high-frequency 2D
ultrasound and the measurements of LUG on TUI mode are
shown in Table 2. The thickness of muscle with avulsion
defects was much thinner than the one of normal muscle inser-
tion and LUG measurements of avulsion defects were much
larger than those of normal muscle insertion (P <0.05).

Correlation between the thickness of puborectalis
muscle and LUG measurements

Pearson correlation analysis revealed an excellent correlation

between the thickness of puborectalis muscle and LUG meas-
urements (r=—0.73) (Table 3).
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Table 1 The agreement between

‘ High-frequency 2D ultrasound Total Kappa P
high-frequency 2D ultrasound
and TUI mode in diagnosis of Normal Right defect Left defect Bilateral
muscle avulsion defect
TUI
Normal 97 0 98 0.88 <0.05
Right defect 2 0 0 13
Left defect 22 0 23
Bilateral defect 1 3 18 24
Total 101 26 18 158
Table2 Muscle thickness and Right defect Left defect Bilateral defect Normal
LUG measurements between
women with avulsion defects or  Thickness (right, mm) 4.10+1.62 9.02+1.36 421125 9.07+1.73
normal insertion Thickness (left, mm) 9.14+1.16 4.65+1.86 4.61+1.29 8.98 + 1.44
LUG (right, mm) 27.31+2.43 22.29+1.46 28.59+2.42 20.22+2.83
LUG (left, mm) 22.00+2.04 27.79+2.52 29.53+3.18 19.78 +2.78

Table 3 Correlation between the thickness of puborectalis muscle
and LUG measurements

Independent variable =~ Dependent variable r P

Muscle thickness LUG measurements -0.73 P<0.001

Discussion

Levator ani muscles play a key role in the normal structure
and function of the pelvic floor. The levator ani muscles
were consisted of the puborectalis, pubococcygeus and ili-
ococcygeus. The puborectalis, the most important part,
originates from the pubic rami and forms a V-shaped sling
towards from the pelvic sidewall to the anorectal junction.
The morphological abnormalities of the puborectalis mus-
cle were closely associated with the alterations in pelvic
floor structure and function [18-20], acting as a major
etiological factor in the pathogenesis of POP and even a
high-risk factor of prolapse recurrence [2, 4]. A simple
and widely available method of assessing muscle integrity
must be of great clinical value.

Different techniques have been peformed in the evalua-
tion of the levator ani muscle [7, 14, 21, 22]. MRI is good
at identifying soft tissues and can show the deep structure
of the pelvic floor and its spatial adjacent relationship [23].
MRI has not been widely promoted in clinical due to the
expensive cost, long examination time and some contrain-
dications such as claustrophobia, metal implants and so
on. Intracavitary 3D ultrasound has been used to observe
the normal morphology and defects of levator ani muscle
in the former studies [24, 25]. However, this examination
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mode has a high demand on the technique of operation.
TUI mode has been widely recognized to be of great value
in the diagnosis of muscle avulsion [26]. In this study,
the LUG measurements on TUI mode of the avulsion side
was 27.55+2.96 mm, which was basically consistent
with the result raised by Dietz [27]. High-frequency 2D
ultrasound can show more details such as muscle fibers
when compared with conventional 2D mode with abdomi-
nal transducer. Our study confirmed that high-frequency
2D ultrasound equipped with a linear array transducer in
4—10 MHz range could be performed to demonstrate pubo-
rectalis muscle and detect muscle avulsion. Obvious dif-
ferences were found in the morphology and the thickness
of puborectalis muscle between women with and without
muscle avulsion. The normal puborectalis muscle without
defect illustrates a normal insertion of the muscle on the
inferior pubic ramus, with hyperechogenic muscle fibers
clearly visible from muscle insertion to anorectal junc-
tion. Muscle avulsion was detected with a detachment or
avulsion of its muscle insertion from inferior pubic ramus,
presenting as an irregular hypoechogenic zone. The phe-
nomenon of more left avulsion and high forceps deliv-
eries rate in our study were similar to other researches
existed [10, 20, 28], population characteristics and clini-
cal symptoms of pelvic floor discomfort might be asso-
ciated with the results. The efficiency of high-frequency
2D ultrasound in detecting muscle avulsion agreed well
with TUI mode (Kappa 0.88, P <0.05). This result sug-
gested that the two methods were of almost equal value in
detecting muscle avulsion. Furthermore, the thickness of
puborectalis muscle with normal morphology in our study
was 9.07 + 1.73 mm on right and 8.98 + 1.44 mm on left,
the result was mainly consistent with the previous study
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[29], and the measurements in muscle avulsion group
decreased significantly. LUG measurements were much
higher in muscle avulsion group than normal insertion
group. Pearson correlation analysis revealed the negative
relationship that the thinner puborectalis muscle was, the
larger LUG would be (r=—0.73). In clinical practice, we
found that different states did not affect the sonographic
performance of muscle avulsion, so we considered that it
was sufficient to detect muscle avulsion at rest. To perform
numerical analysis in the same state, muscle thickness in
this study was measured on contraction. The purpose of
this study was to examine the feasibility and value of 2D
high-frequency ultrasound in detecting muscle avulsion,
which was a qualitative research. Therefore, we did not
conduct a specific quantitative discussion on the degree of
avulsion on both 2D high-frequency ultrasound and TUI
mode. However, we observed the difference in amount of
residual muscles fibers, which might be associated with
the degree of avulsion, the hypothesis would be further
analyzed.

As the equipment and system have been widely avail-
able, even in some less developed regions, high-frequency
2D ultrasound can be a valuable method in demonstrating
puborectalis muscle and detecting muscle avulsion. But
there were several limitations that could not be ignored.
First, detecting puborectalis muscle on high-frequency 2D
ultrasound requires adequate anatomical knowledge and
experience in ultrasound examination due to the complex
anatomy of levator ani muscles. Second, the accuracy and
efficiency of high-frequency 2D ultrasound in detecting
muscle avulsion requires to be further verified by other
existed methods for detecting muscle avulsion such as
MRI and intracavitary 3D ultrasound with a larger sample
size.

In conclusion, high-frequency 2D ultrasound, an univer-
sally available and convenient examination, is valuable in
visualizing the normal morphology and abnormal avulsion
of puborectalis muscle. High-frequency 2D ultrasound may
be valuable in practice, especially in some areas with back-
ward economic development and medical resources.
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