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Three-Dimensional Pelvic Floor Ultrasound Assessment of
Pelvic Organ Prolapse: Minimal Levator Hiatus and Levator
Ani Deficiency Score
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Purpose: The purpose of this study was to determine whether levator ani deficiency (LAD) scores and minimal levator
hiatus (MLH) areas affect Pelvic Organ Prolapse Quantification (POP-Q) stage.

Methods: This study was a retrospective chart review of patients with pelvic organ prolapse (POP) at Seoul Songdo Hos-
pital between August 2019 and August 2020. Three-dimensional (3D) pelvic floor ultrasound, preoperative anal manom-
etry, and other physiological tests were performed in 78 patients with POP symptoms. We divided the patients into mild
prolapse and severe prolapse groups based on the POP-Q. We examined the LAD and MLH areas. LAD scores were cate-
gorized as mild, moderate, or severe.

Results: There were 32 patients (41.0%) in the mild prolapse group (POP-Q stage I and II) and 46 (59.0%) in the severe
prolapse group (POP-Q stage IIT and IV). The mean LAD score was significantly higher in severe prolapse group (13.33
+£2.49vs. 8.19+2.92, P<0.001), and the rate of severe deficiency was also significantly higher in the severe prolapse group
(29 [63.0%] vs. 2 [6.3%], P<0.001). The mean MLH was also significantly larger in the severe prolapse group (17.91
+2.74 cm® vs. 14.95+2.60 cm?, P<0.001). In addition, both MLH and LAD scores tended to increase at each stage.
Conclusion: There is a strong positive correlation between the POP-Q stage and the MLH and LAD scores that can be
seen on 3D pelvic floor ultrasound. The findings of this study, by objectively demonstrating LAD and MLH in women
with POP, are an important contribution to POP.
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INTRODUCTION dence of POP in women is significantly increased by vaginal
childbirth [3]. A previous study suggested a 5-fold increase in the

Pelvic organ prolapse (POP) is a common condition that occurs ~ odds of POP 5 to 10 years after vaginal birth compared to cesar-

in up to 40% of the female population aged between 45 and 85
years [1]. POP is symptomatic in up to 20% of patients and affects
womens quality of life by causing discomfort as well as urinary,
sexual, and defecation dysfunction [1, 2]. In particular, the inci-
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ean delivery [4]. Although the reason for this change is not clear,
recent studies have explored the relationship between obstetrical
levator injuries, levator hiatus size, and prolapse [5, 6]. Levator ani
deficiency (LAD) contains levator ani muscle (LAM) avulsion,
which means that the levator muscle is detached from its origin at
the pubis. These LADs are observed in 10% to 30% of vaginal de-
liveries [7, 8]. It is also significantly associated with the develop-
ment of POP later in life [9, 10]. LAD appears to lead to a signifi-
cantly large levator hiatus [11]. However, it is unknown whether
this change in levator structure could explain the development of
POP after vaginal childbirth.

The Pelvic Organ Prolapse Quantification system (POP-Q) ad-
dresses the extent to which prolapse protrudes beyond the hy-
menal ring. The POP-Q and ordinal stages were introduced in
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1996 as a more valid staging system than the Baden-and-Walker
system, dating from 1972 [12]. Translabial 2-dimensional (2D)
ultrasound prolapse assessment was first described in 2001 and
has a good correlation with the POP-Q system [13, 14]. However,
there is a second element of prolapse caused by the descent and
ballooning of the levator ani and perineal structures [15, 16]. Fur-
thermore, pelvic floor descent is associated with visible tears in
the levator muscle [17]. With the help of 3-dimensional (3D) ul-
trasound imaging, it is possible to obtain information on anatom-
ical abnormalities of the levator muscle and hiatus [18]. Birth-in-
duced injury to the pubovisceralis (PV) muscle portion of the
LAM:s is strongly associated with POP [6, 9, 19] and downward
displacement of the perineal structures [20]. Because the minimal
levator hiatus (MLH) measures the inner side of the puborectalis
(PR), these injuries are also related to MLH.

A 3D pelvic floor ultrasound is an examination that has many
advantages for POP patients because it is fast, effective, noninva-
sive, and well-tolerated. Until now, data showing the relationship
between LAD scores and MLH areas using 3D pelvic floor ultra-
sound and POP-Q stage is insufficient. The purpose of this study
was to determine whether LAD scores and MLH areas affected
POP-Q stage.

METHODS

This study was a retrospective chart review of patients with POP
at Seoul Songdo Hospital between August 2019 and August 2020.
A total of 78 patients with symptoms of POP symptoms, such as
sensation or visualization of a vaginal lump. All 3D pelvic floor
ultrasounds were performed by an experienced pelvic floor
colorectal surgeon. This study was approved by the Institutional
Review Board of Seoul Songdo Hospital (No. 2020-012). Informed
consent from patients was waived because of the retrospective na-
ture of the study.

Our assessment included a medical history examination and
questionnaire scores for constipation and fecal incontinence. This
preoperative questionnaire included the Cleveland Clinic Consti-
pation Scoring System (Wexner constipation score), Cleveland
Clinic Incontinence Score (CCIS, Wexner incontinence score),
Fecal Incontinence Severity Index (FISI), and Fecal Incontinence
Quality of Life (FIQOL) scale [21, 22]. Patients who underwent
perineal repair or sphincteroplasty were excluded. The examina-
tion consisted of a 3D ultrasound device (Flex Focus Endoprobe
model 8838, B-K Medical, Herlev, Denmark). Ultrasound was
performed in the supine position and immediately after voiding.
All ultrasound images were acquired according to the 5 steps of
Shobeiri et al. [23]. Only those with complete data and high-qual-
ity ultrasound scans were included. In addition, all patients un-
derwent preoperative anal manometry and other physiological
tests. Pelvic floor disorders were also diagnosed based on the
American Society of Colon and Rectal Surgeons (ASCRS) guide-
lines [24].
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For POP-Q staging, the anterior and posterior walls of the va-
gina, cervix, and uterus were determined in centimeters above or
below the hymen on maximum Valsalva maneuver [24]. Prolapse
grades were assigned based on the degree of prolapse in relation
to the hymen. These stages were defined according to the ASCRS
guidelines [24]. We divided the patients into mild prolapse groups
for POP-Q stages 0 to 2 and severe prolapse groups for POP-Q
stages 3 to 4 based on the most distal portion of the prolapsed or-
gan being 1 cm or more beyond the hymen.

The 3D pelvic floor ultrasound images consisted of transperineal
2D functional images, endovaginal functional 2D images, endo-
vaginal 3D images, and endoanal 3D images. In endovaginal 3D
images, the MLH was measured by the method defined by Sho-
beiri et al. [25], and the LAD score was measured by the method
defined by Morgan et al. [26]. The area of the MLH can be calcu-
lated as the area within the levator ani inner perimeter enclosed
by the inferior pubic rami and the inferior edge of the symphysis
(Fig. 1A). Morgan et al. [26] divided pelvic floor muscles into the
puboanalis (PA), PV, and PR. Subgroups were evaluated and
scored (0, no defect; 1, minimal defect; 2, major defect; and 3, total
absence of the muscle) on each side based on the thickness and
detachment from the pubic bone. LAD scores were categorized as
mild (0-6 points, Fig. 1B), moderate (7-12 points), and severe
(13-18 points, Fig. 1C) deficiency [27]. LAM avulsion was de-
fined according to the minimal criteria for complete avulsion of

Fig. 1. Three-dimensional pelvic floor ultrasound images. (A) Mini-
mal levator hiatus (MLH), (B) mild levator ani deficiency (LAD)
score, (C) severe LAD score, (D) levator ani muscle avulsion. Red dot-
ted line, MLH area; asterisk, avulsion site. A, anus; PR, puborectalis
muscle; PS, pubic symphysis; PV, pubovisceralis muscle; V, vaginal.
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the LAM in at least 3 central slices obtained at the level of minimal
hiatal dimension and 2.5 mm and 5 mm above [28] (Fig. 1D).

The numbers and percentages were reported for categorical
variables, and the mean and standard deviation were reported for
continuous variables. Significant differences between the mild
prolapse and severe prolapse groups were determined using chi-
square tests and independent 2-sampled t-tests. Statistical signifi-
cance was set at P<0.05. All statistical analyses were performed
using IBM SPSS Statistics for Windows (ver. 22.0, IBM Corp., Ar-
monk, NY, USA).

RESULTS

A total of 78 women were referred to our hospital with a chief

|

complaint of POP during the study period. Eight women (10.3%)
had a history of hysterectomy, and 12 women (15.4%) had already
been managed with tension-free vaginal tape (Table 1). Overall,
17 (21.8%), 15 (19.2%), 26 (33.3%), and 20 (25.6%) had stage I, 11,
II1, and IV POP, respectively. There were 32 patients (41.0%) in
the mild prolapse group (POP-Q stages I and II) and 46 (59.0%)
in the severe prolapse group (POP-Q stages III and IV). The
groups were similar in terms of age, electromyography, and pu-
dendal nerve terminal motor latency. However, patients in the se-
vere prolapse group had a significantly high parity (2.74+1.16
times vs. 2.22 +1.04 times, P =0.046). Patients who underwent all
cesarean section deliveries were included in the severe prolapse
group. In the severe prolapse group, pelvic floor symptoms such
as CCIS (7.10+5.40 vs. 10.63+5.50, P=0.028), FIQOL (14.98 +

Table 1. Patient characteristics and physiological test results

Characteristic Mild prolapse Severe prolapse P-value
No. of patients 32 46
Age (yr) 63.16+10.70 66.96+11.66 0.147
Parity (time) 2.22+1.04 2.74+1.16 0.046
Type of parity 0.006
Normal spontaneous vaginal delivery 27 (84.4) 46 (100)
Cesarean section (15.6) 0(0)
Previous operation history
Hysterectomy 1(3.9) 7(15.2) 0.084
Tension-free vaginal tape 4(12.5) 8(17.4) 0.556
Urinary incontinence 11 (34.4) 22 (47.8) 0.255
Incontinence score (point)
CCIS 7.10+5.40 10.63+5.50 0.028
FIQOL 14.98+4.50 11.23+3.21 0.001
FISI 18.45+16.45 30.56+19.24 0.024
Constipation score (point)
Wexner constipation score 8.24 +6.66 12.95+5.28 0.022
Anal manometry results
Maximal resting pressure (mmHg) 57.57+14.98 48.48+13.52 0.012
Maximal squeezing pressure (mmHg) 112.33+49.42 102.43+55.05 0.431
Electromyography 0.342
Normal 15 (46.9) 18 (39.1)
Equivocal contraction 15 (46.9) 20 (43.5)
Paradoxical contraction 2(6.3) 8(17.4)
Pudendal nerve terminal motor latency 0.402
Normal 22 (68.8) 28 (60.9)
Unilateral latency 5(15.6) 13(28.3)
Bilateral latency 5(15.6) 5(10.9)

Values are presented as number only, mean =+ standard deviation, or number (%).
CCIS, Cleveland Clinic Incontinence Score; FIQOL, Fecal Incontinence Quality of Life; FISI, Fecal Incontinence Severity Index.
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Table 2. Three-dimensional pelvic floor ultrasound results

Mild prolapse Severe prolapse

Variable (=32) (n=46) P-value
LAD score (point) 8.19+292  13.33£2.49 <0.001
LAD <0.001
Mild deficiency 10(31.3) 0(0)
Moderate deficiency 20 (62.5) 17 (37.0)
Severe deficiency 2(6.3) 29 (63.0)
LAM avulsion 3(9.4) 21 (45.7) <0.001
MLH (cm?) 1495260 17.91+2.74 <0.001
Pelvic floor disorders
Rectocele 20 (62.5) 33(71.7) 0.390
Enterocele 0(0.0) 3(6.5) 0.265
Cystocele 2(6.3) 9(19.6) 0.097
Internal intussusception 21 (65.6) 29 (63.0) 0.815
Anismus 10(31.3) 10 (21.7) 0.344

Values are presented as mean = standard deviation or number (%).
LAD, levator ani deficiency; LAM, levator ani muscle; MLH, minimal levator hiatus.

4.50 vs. 11.23+3.21, P=0.001), FISI (18.45+16.45 vs. 30.56 +
19.24, P=0.024), and Wexner constipation score (8.24 £ 6.66 vs.
12.95+5.28, P =0.022) were significantly severe (Table 1).

The 3D pelvic floor ultrasound results are presented in Table 2.
The mean LAD score was significantly higher in the severe pro-
lapse group (13.33 £2.49 vs. 8.19+2.92, P<0.001), and the rate of
severe deficiency was also significantly higher in the severe pro-
lapse group (29 [63.0%)] vs. 2 [6.3%], P <0.001). In addition, in the
severe prolapse group, there were statistically significant differ-
ences in the rate of LAM avulsion (21 [45.7%] vs. 3 [9.4%]), and
due to this, the mean MLH was also significantly larger (17.91+
2.74 cm® vs. 14.95% + 2.60 cm?, P < 0.001). However, there was no
statistically significant difference between the 2 groups for pelvic
floor disorders such as rectocele, enterocele, cystocele, internal in-
tussusception, and anismus (Table 2).

Dividing each POP-Q stage, severe deficiency was only 6% in
stage I but increased to 90% in stage IV. It can be seen that mild
and moderate deficiencies decrease, and severe deficiencies in-
crease as the stage increases (Fig. 2). In addition, both MLH and
LAD scores tended to increase at each stage. The mean value of
MLH was 14.41+2.94 cm’ in stage I, 15.57 +2.08 cm” in stage 11,
16.98+1.96 cm’ in stage 111, and 19.11+3.17 cm’ in stage IV, re-
spectively. Also, the mean value of LAD score was 6.71 +2.44 in
stage I, 9.87+2.53 in stage II, 11.89+1.90 in stage III, and
15.20 + 1.82 in stage IV, respectively (Fig. 3).

DISCUSSION

In this study, it was confirmed that the MLH and LAD scores in-
creased as the POP-Q stage increased. We divided patients with
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Fig. 2. Bar chart for the stages of prolapse and levator ani deficiency
(LAD) frequency. The Y-axis denotes the percentile of patients with
mild, moderate, or severe LAD. The X-axis denotes the stage of pro-
lapse, as determined by the Pelvic Organ Prolapse Quantification
staging system (POP-Q).

POP symptoms into a severe prolapse group with POP-Q grade 2
or higher and a mild prolapse group with less than POP-Q grade
2. This is because previous research has confirmed the association
of LAM avulsion with anterior and middle compartment prolapse
and significant prolapse defined as stage >1I [9]. Abdool et al.
[29] reported significant associations between awareness and vi-
sualization of a vaginal lump in women with POP and LAM avul-
sion. The prevalence of LAM avulsion in women with pelvic floor
disorders who presented to urogynecology units was reported to
be 15% to 37% [30, 31]. Similarly, 30.8% of patients with prolapse
who visited our pelvic floor clinic had LAM avulsion. In particu-
lar, in the severe prolapse group, LAM avulsion was found in up
to 45.7% of patients. The levator hiatus is defined by the inferior
pubic rami anteriorly and the “V’-shape medial compartment of
the LAM laterally and posteriorly. Because of this anatomical
structure, LAM avulsion causes expansion of the MLH area and
increases the LAD score. In the severe prolapse group, maximal
resting pressure was significantly lower, but this was the result of
including 2 patients with rectal prolapse and 4 patients with inter-
nal anal sphincter injury from previous anal fistula surgery.

There were many significant LAM deficiencies in the severe
prolapse group at POP grades III and IV. There was no mild leva-
tor deficiency in the severe prolapse group, and severe levator de-
ficiency was 6 times larger than that in the mild prolapse group.
Rostaminia et al. [27] reported that moderate levator deficiency
and severe levator deficiency were found to increase the odds for
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Fig. 3. Minimal levator hiatus (MLH) and levator ani deficiency (LAD) score according to Pelvic Organ Prolapse Quantification (POP-Q)
stage. (A) Y-axis denotes the size of the MLH. The X-axis denotes the stage of prolapse as determined by the POP-Q staging system. (B) Y-axis
denotes the score of LAD. The X-axis denotes the stage of prolapse, as determined by the POP-Q staging system.

POP 3.2 times and 6.4 times compared with mild deficiency. In
the same study, the mean LAD scores of POP stages I, II, and IV
were 8, 10, and 13; and in our data, the mean LAD scores of I, II,
and IV were similar to those of 6, 9, and 15 [27]. In another study,
the tomographic ultrasound imaging scales, expressed as a maxi-
mum score in the 6-point and 12-point, increased odds for a di-
agnosis of any significant POP on ultrasound 4.4 and 4.8 times,
respectively [32]. Therefore, LAM deficiency is an important risk
factor for POP, and it is essential to check the degree of LAM defi-
ciency in the evaluation of POP patients.

Shobeiri et al. [25] performed 3D pelvic floor ultrasound on 80
nulliparous women without pelvic floor symptoms, measured the
vaginal high-pressure zone, and calculated an average of 13.36 +
1.89 cm’. The MLH in our data was an average of 16.69+3.04
cm?, and the reason is for women who gave parity (mean parity of
2.53+1.14 times) and patients with POP symptoms. In particular,
compared to the previous study, the mild prolapse group showed
a small difference of 14.95 + 2.60 cm?, whereas the severe prolapse
group showed a large difference of 17.91+2.74 cm’. This study
was conducted on Asian women, and since the MLH area of
Asian women was smaller than that of Caucasian women, it
caused a small difference in the mild prolapse group. The MLH is
the area between the LAM, through which the urethra, vagina,
and rectum pass. Since the LAD score system is calculated using
the PV and PA muscles, including the PR muscle, the MLH area
increases as the LAD score increases, and as a result, POP occurs
in a wider space.

Another important point was that there was no statistical differ-
ence, but anterior compartment prolapse such as cystocele oc-
curred more frequently in the severe prolapse group (29 [63.0%]
vs. 2 [6.3%], P=0.097). Avulsion, especially if bilateral, sometimes
results in the transverse diameter being larger than the anterior-
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posterior diameter and is a major confounder and a strong risk
factor for prolapse and prolapse symptoms [33]. Dietz and Simp-
son [9] reported that anterior and middle compartment prolapse
is more related to LAM avulsion than posterior compartment
prolapse. During avulsion, the PR muscle goes through the pro-
cess of falling from the pubic ramus, and this part becomes the
maximal transverse diameter, so avulsion appears more in ante-
rior pelvic floor disorders. In our previous study, 3D pelvic floor
ultrasound was useful as an initial test or screening method and
for the diagnosis of posterior pelvic disorders [34]. Furthermore,
ultrasound can also be used to diagnose LAM trauma, which is
important when choosing treatment and informing patients, as
women with major levator trauma are at an increased POP [35].
Several studies confirmed the reproducibility of the LAD of 3D
ultrasound and showed good agreement between the intraob-
server and interobserver [36, 37]. Therefore, 3D pelvic floor ultra-
sound is a useful test for the diagnosis and assessment of POP as
well as anterior and posterior pelvic floor disorders.

The POP-Q score is a limited method for diagnosing POP and
reveals only clinical features. On the other hand, 3D pelvic floor
ultrasound provides detailed information to understand the
pathophysiology of POP. The major strength of the current study
is that, rather than using an all-or-nothing scoring system, we
used a scoring system that considers all the levator ani subdivi-
sions. This provides more objective patient information than
other examinations that express pelvic floor trauma as only uni-
lateral or bilateral avulsions. However, this study had some im-
portant limitations. One limitation of this study is the small sam-
ple size, but despite having less than 40 women in each group,
most of our findings and correlation were highly statistically sig-
nificant and showed a large effect. Another limitation of the study
was that the examiner was not blinded to the results of the differ-
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ent staging systems. However, in a previous study, no significant
differences were found in this respect for the groups with and
without blinding for the staging systems [13]. The last limitation
is the cross-sectional study design, with no possibility of following
the development of anatomical prolapse and symptoms over time.

In conclusion, 3D pelvic floor ultrasound is an effective and
valuable examination for the diagnosis of pelvic floor disorders,
especially POP. There is a strong positive correlation between the
POP-Q stages, the most widely used staging system, and the MLH
and LAD scores can be seen in 3D pelvic floor ultrasound. The
objective of this study was to objectively demonstrate LAM defi-
ciency and MLH in women with POP are important contribu-
tions to this field. Future research should focus on the prevention
and treatment of these levator ani deficiencies and the widening
of the MLH to reduce the rate of POP later in life.
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