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PURPOSE

In this case-control study, we aimed to evaluate how muscle volume affects pelvic floor function
by analyzing the levator ani muscle (LAM) using volumetric segmentation in addition to standard
magnetic resonance (MR) defecography assessments.

METHODS

We enrolled 85 patients with varying degrees of pelvic floor dysfunction (PFD) and 85 age- and gen-
der-matched controls in this retrospective study. All patients had MR defecography images, while
all controls had pelvic MR images obtained for other reasons. Group comparisons were performed
using independent samples t-tests and Mann-Whitney U tests. The receiver operating curve (ROC)
was constructed to establish a cut-off value for a normal LAM volume. Interrater reliability was as-
sessed by calculating the intraclass correlation coefficient. A P value of less than 0.05 was consid-
ered statistically significant.

RESULTS

Volumetric measurements revealed that the control group had higher LAM volumes, and the ROC
curve analysis indicated a cut-off value of 38934.3 mm? with a sensitivity of 0.812 and specificity
of 0.8 for PFD assessment using LAM volumetric measurement. Gender did not significantly affect
LAM volume in the control group.

CONCLUSION

Alongside the useful structural and functional information acquired from MR defecography images,
volumetric analysis, and three-dimensional reconstructions of LAM may help to improve the accu-
racy of the diagnosis.

KEYWORDS
Segmentation, levator ani muscle, pelvic floor dysfunction, magnetic resonance defecography, vol-
umetric measurement

elvic floor dysfunction (PFD) is a comprehensive term that refers to a broad group of

medical conditions that can affect the suspensory ligaments, fascial coverings, and mus-

cles supporting the pelvic organs.'? It is a common disorder with an estimated preva-
lence of 25 percent among women in the United States.? The etiological factors of PFD include
female gender, a history of vaginal childbirth, chronic constipation, pelvic surgery, obesity,
genetic predisposition, menopause, and aging.'**

The anatomical structures in the pelvic region include the bladder, prostate, uterus, vagina,
and rectum, which are evaluated in three compartments: anterior (bladder and urethra), mid-
dle (uterus and vagina), and posterior (rectum, anal canal).>* These structures are attached by
the endopelvic fascia, the pelvic diaphragm, and the urogenital diaphragm and function as a
single unit.! The levator ani muscle (LAM) is a complex funnel-shaped structure consisting of
three main components: the pubococcygeus (pubovaginalis, puboprostaticus, puboperineal,
puboanal), puborectalis, and iliococcygeus.*® Damage or weakening of the LAM is the most
common cause of pelvic organ prolapse (POP), resulting in a distorted shape of muscle that
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tends to tilt more vertically and widen the le-
vator hiatus. An insult to the pelvic floor mus-
cles or ligaments can lead to urinary or fecal
incontinence, dyspareunia, constipation, and
pelvic pain.>®

Radiologically, for the assessment of
these structures, magnetic resonance (MR)
defecography uses sagittal balanced steady-
state gradient echo (GRE) (different ven-
dors have similar sequences with different
trade names, such as True-FISP, FIESTA, and
balanced-FFE) images, and a reference line
called the pubococcygeal line (PCL) is drawn
from the lower border of the pubic symphy-
sis to the last coccygeal joint."?” The distance
perpendicular from the posterior wall of the
anorectal component to the PCL is called the
“M line”, which corresponds to a measure of
the location of the anorectal junction. The “H
line” is the distance from the inferior border
of the pubic symphysis to the posterior of
the anorectal component and represents the
anteroposterior width of the levator hiatus
(Figure 1).7

MR defecography is a dynamic examina-
tion that allows evaluation at rest, during
contraction, and defecation.* In the anteri-
or compartment, the position of the urethra
and bladder can be assessed for diagnoses
such as urethral hypermobility and cystocele.
In the middle compartment, uterine or cervi-
cal prolapse can be observed. In the posterior
compartment, pathologies like rectocele or
rectal intussusception can be detected.*®The
classic PCL, H, and M lines are utilized for the
radiological grading of these pathologies.
Additionally, measuring the anorectal angle
(ARA) and its dynamic changes are important
in diagnosing pelvic floor dyssynergia.®

* Pelvic floor dysfunction (PFD) encompass-
es various medical conditions affecting the
supportive ligaments, fascial coverings, and
the muscles in the pelvic region.

* The levator ani muscle (LAM) is a critical
component, and damage or weakening of
this muscle is a common cause of pelvic or-
gan prolapse (POP) and related conditions
like incontinence, dyspareunia, and pelvic
pain.

* Our study indicates that individuals with
PFD tend to have a lower LAM volume, with
a specific cut-off value for muscle volume
linked to a higher tendency for PFD.

* However, contrary to initial assumptions,
no linear correlation between the severity
of POP or pelvic floor relaxation and muscle
volume was observed in this study.

The thickness and volume measurement
of the LAM have been investigated through
ultrasound (US), computed tomography (CT),
and MR studies, and the factors influencing
the muscle volume and architecture have
been explored.’ In our study, we hypothe-
size that the LAM volume is lower in patients
with PFD than in healthy individuals. Along-
side routine evaluations in MR defecography,
we aimed to assess the impact of muscle vol-
umes on the POP by conducting a volumetric
segmentation analysis of the LAM.

Methods

This retrospective study was approved by
the Bolu Abant izzet Baysal University Clini-
cal Research Ethics Committee and written
informed consent was waived by it (date of
project: 22.08.2023; project decision num-
ber: 262). This research study was conducted
in accordance with the Declaration of Helsin-
ki. The STARD guidelines were followed for
reporting and joint recommendations of the
ESUR and ESGAR Pelvic Floor Working Group

Reference lines of

Figure 1.
resonance defecography measurements at rest
(pubococcygeal line: yellow line; H-line: green line;
M-line: red line). PCL, pubococcygeal line; FLP, foot
left posterior; HRA, head right anterior.

magnetic

were followed for patient preparation, image
acquisition, and interpretation 335

Patient selection

A total of 85 patients (M: 16, F: 69), aged be-
tween 19 and 92 years old, with varying levels
of PFD, as well as 85 controls (M: 16, F: 69) with
ages ranging from 20 to 85 years old, were in-
cluded in this study. The control group consist-
ed of individuals without pelvic floor pathology
identified in MR imaging (MRI) assessments at
rest but with pelvic MRI taken for other medi-
cal reasons. The participants’ MR defecography
and pelvic MRI were recruited from picture ar-
chiving communication systems. All MRI were
acquired at the radiology department between
September 2020 and November 2023. Patients
with poor quality imaging due to artifacts on
MR scan, inadequate or incomplete imaging,
or in whom volumetric measurements could
not be performed were excluded from partici-
pation, as were control group participants with
findings of PFD on pelvic MRI. There were no
patients with a history of pelvic region radio-
therapy or oncological surgery in the patient
population and control group (Figure 2 shows
a flowchart of the study).

Patient preparation

For MR defecography images, patients
were asked to empty their bladders and
bowels 1-2 hours before the MRI examina-
tion. The patient should be trained about the
imaging steps (rest, squeeze, strain, Valsalva
maneuver, and defecation) prior to the MRI
examination. Immediately before imaging,
120-180 mL of rectal gel was injected gently
through the anal canal in the decubitus posi-
tion to fill the rectum. Preparation for a pelvic
MRI involves wearing comfortable clothes,
removing all metallic accessories, and dis-
cussing potential contrast allergies.

Magnetic resonance imaging protocol and
image acquisition

The MRI scans of all patients participating
in the study were performed on the General

Study Population

1

MR Defecography Imaging within the period September 2020-November 2023 (n=91)

Inadequate or incomplete
imaging (n-5)

t
artifacts (n=1)

Participated patients with pelvic floor disorder (n=85)

J

Pelvic MR imaging within the period February 2023-July 2023 (n=174)

Matching

-The same exclusion criteria
-Matching by gender and age

‘Comparison cohort (n=85)

Figure 2. Flowchart of the study. MR, magnetic resonance.
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Electric Signa™ Explorer MR 1.5T closed sys-
tem device (GE Healthcare, Chicago, lllinois,
IL, United States) using a phased array body
coil without contrast material administration.
The patient was positioned lying horizontally
with the face and torso facing up with knees
elevated on a pillow. To protect the scanner
duringimaging, adult diapers and disposable
sheets were used. MR defecography consists
of both statical and dynamical sequences
including sagittal, coronal, and axial static
T2-weighted images at rest, sagittal and cor-
onal cine balanced steady-state GRE while
squeezing and straining, and coronal cine
balanced steady-state GRE images during
defecation at least three times until the rec-
tum is emptied as much as possible (detailed
information is summarized in Table 1). The
entire defecography procedure duration var-
ied between 15 to 30 minutes. Pelvic MR pro-
tocol includes sagittal and axial T2-weighted,
coronal fat-saturated T2-weighted images,

axial T1-weighted fast-spin echo images, ax-
ial diffusion-weighted images with a b value
of 50 and 800, and axial liver acquisition with
volume acceleration (LAVA) images. In cases
where contrast media was required, dynam-
ic sagittal LAVA images (for female patients
only) and axial contrast-enhanced LAVA im-
ages were obtained. Pelvic MRl lasts approxi-
mately 20-30 minutes (Table 2).

Routine magnetic resonance defecography
and pelvic magnetic resonance imaging in-
terpretation

Two radiologists (E.D. and A.B.Y.) evalu-
ated the MRI in consensus. An independent
radiologist (R.B.Y.), who was blinded to the
outcomes, concurrently interpreted a ran-
domly selected subset of 35 cases. All metric
measurements including PCL, H, and M-lines
at rest and defecation, ARA at rest, squeezing
and defecation, levator plate angle (LPA, the
angle between the levator plate and PCL) at

Table 1. Magnetic resonance defecography protocol

maximal straining, and urethral angle (the
angle between the urethra and PCL) were
completed on midline sagittal MRI. The se-
verity of cystocele and uterine prolapse was
graded according to the depth of the herni-
ation under the PCL as mild (less than 3 cm),
moderate (3 to 6 cm), and severe (greater
than 6 cm).2%'7 A rectocele is characterized
by the rectal wall extending beyond the an-
ticipated typical shape, with grading based
on the extent of protrusion: small (<2 cm),
moderate (2-4 cm), and large (>4 cm), de-
termined by the depth of the bulge.’® The
assessment of pelvic diaphragm relaxation
based on M-line lengths was evaluated using
the H-line, M-line, and organ prolapse (HMO)
classification system. A normal hiatal posi-
tion was defined as an M-line measurement
between 0 and 2 cm (grade 0), while mild de-
scent was categorized as an M-line measure-
ment ranging from 2 to 4 cm (grade 1). Mod-
erate descent was characterized by an M-line

Plane MR sequence TR/TE (ms) Matrix size/NEX  Slice thickness  Spacing FOV (cm x cm) Information Phase
(mm) (mm) type
Sagittal Static, T2 PROPELLER 7570/152.32 288 x 288/4 4 1 25x25 Structural Rest
Coronal Static, T2 PROPELLER 3859/148.99 288 x 288/4 4 1 34x34 Structural Rest
Axial Static, T2 PROPELLER 5195/121.3 320 x320/4 4 1 35x35 Structural Rest
Ll Dynamic, Cine FIESTA 414 256 x 288/4 6 1 25x25 Functional S
midline (Kegel)
Coronal Dynamic, Cine FIESTA 5/2.02 256 x 288/4 6 1 25x25 Functional S(?(:(;Z)e
SiEE Dynamic, Cine FIESTA 4/1.91 256 x 288/4 6 1 25x25 Functional SUED
midline (Valsalva)
i i . Strain
Coronal Dynamic, Cine FIESTA 5/2.01 256 x 288/4 6 1 25x 25 Functional
(Valsalva)
Sagittal Defecation
mi?:lline Dynamic, Cine FIESTA 5/1.9 256 x 288/4 6 1 25x 25 Functional (at least 3
times)
MR, magnetic resonance; TR, time of repetition; TE, time of echo; NEX, number of excitations; FOV, field of view.
Table 2. Pelvic magnetic resonance protocol
Plane MR sequence TR/TE (ms) Matrix size/NEX Slice Spacing (mm) FOV (cm x cm)
thickness
(mm)
Sagittal T2 PROPELLER 6.121/113.74 288 x 288/4 5 1 25x25
Axial T2 PROPELLER 4.146/96.62 300 x 300/4 5 1 32x32
Coronal T2 FAT-SAT PROPELLER 6.446/96.82 300 x 300/4 5 1 32x32
Axial T1 fast spin echo 552/10.28 320 x 224/4 5 1 32x32
Axial Diffusion-weighted imaging b value: 50-800 5.835/78.90 256 x 288/4 5 1 32x32
Axial Apparent diffusion coefficient 5.835/78.90 128 x 128/4 5 1 32x32
Axial LAVA 6/3.15 280 x 192/4 6 1 32x32
Sagittal* .
Dynamic, contrast-enhanced LAVA 3/1.84 320x192/4 4 1 32x32
(female protocol)
Axial* Contrast-enhanced LAVA 6/3.15 280 x 192/4 4 1 32x32

*Only obtained for contrast-enhanced studies. MR, magnetic resonance; TR, time of repetition; TE, time of echo; NEX, number of excitations; FOV, field of
view; LAVA, liver acquisition with volume acquisition.
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measurement between 4 and 6 cm (grade 2),
and severe descent was indicated when the
M-line measurement exceeded 6 cm (grade
3)."° On the other hand, a normal hiatal width
was defined as an H-line measurement be-
tween 0 and 6 cm (grade 0), while mild hiatal
enlargement was categorized as an H-line
measurement ranging from 6 to 8 cm (grade
1). Moderate enlargement was characterized
by an H-line measurement between 8 and
10 cm (grade 2), and severe enlargement
was indicated when the H-line measurement
exceeded 10 cm (grade 3)." Urethral hyper-
mobility is a condition of excessive horizon-
tal translation (more than 30°) of the urethra
due to a weak pelvic floor.

Levator ani muscle manual segmentation
and volumetric measurements

For analyzing the medical image data, a
free and open-source imaging package soft-
ware [three-dimensional (3D) Slicer version
5.2.2 for Mac OS X] was utilized. A radiologist
with eight years’ experience (A.B.Y.), and a ra-
diology resident with five years’ experience
(R.B.Y.) manually segmented the LAM from
the contiguous axial T2-weighted MRI slices
using the “Segment Editor” module in the
3D Slicer software. The anterior boundary
of the LAM is defined as the pubic symphy-
sis, whereas the posterior boundary of the
LAM is defined as the coccyx. The muscles
surrounding the anal canal and rectum were
delineated. Quantitative information, includ-

ing the number of voxels, the volume of the
muscle, minimum, maximum, mean, and
median values, standard deviation, and sur-
face area, derived using the “Segment Sta-
tistics” module, was noted. For each patient
and control, 3D reconstruction models of the
LAM were also created (Figures 3, 4). The av-
erage time to segment the LAM required 10
minutes per patient.

Statistical analysis

All statistical analyses were conducted
using the SPSS 24.0 software (IBM Corp., Ar-
monk, NY, USA). Metric measurements and
quantitative segmentation results were re-
ported with means and standard deviations.
The normality of distribution was assessed
using the Shapiro-Wilk test. Normally dis-
tributed data were compared using the inde-
pendent samples t-test, while non-normally
distributed data were evaluated using the
Mann-Whitney U test. A chi-square test was
used to compare the observed frequencies
of categorical data. Subgroup comparisons
within the patient group were done using
the Kruskal-Wallis test. The receiver opera-
tor characteristic (ROC) curve was drawn to
assess the sensitivity and specificity of the
volumetric measurement, and the optimal
cut-off value was selected. The intraclass cor-
relation coefficient was used to estimate the
interrater reliability of the MR defecography
measurements. A P value of less than 0.05
was considered statistically significant.

Figure 3. An example of levator ani muscle (LAM) segmentation and three-dimensional (3D) image
reconstruction in a healthy individual. Image (a) represents a completed volume rendered segmentation
model of the LAM. On the right is a screenshot of the 3D-Slicer software “Segment Editor” module. Image
(b) shows an axial T2-weighted series, which are the source images we loaded for segmentation analysis.
Images (d, e) show a coronal and sagittal view of the LAM, reconstructed by 3D-Slicer to edit the segment,

and image Cis a real-time 3D model of LAM.

Axial T2-weighted
Rimages

Manual Segmentation

.,‘ll "

Results

Demographic characteristics

The mean age was calculated as 53.54 +
15.7 years for the patient group and 51.99 +
13.4 years for the control group. There was
no significant difference between the groups
in terms of age. In both groups, the distribu-
tion of men and women was equal. Among
69 female participants, 14 in the case and 13
in the control groups had undergone a hys-
terectomy (P value, 0.632).

Routine magnetic resonance imaging
of pelvic floor and magnetic resonance
defecography findings

Pelvic floor measurements were per-
formed in both the patient and control
groups where applicable. The mean PCL
length was calculated as 102.24 + 9.9 mm,
the H-line at rest was 49.35 + 9.8 mm, and
the M-line at rest was 15.97 + 11.7 mm for
the patient group. Conversely, the mean PCL
length was calculated as 103.06 + 10.9 mm,
the H-line at rest as 31.06 = 5.4 mm, and the
M-line at rest as 6.12 + 3.2 mm for the control
group. The remaining measurements were
only performed in the patient group. The
H-line at defecation was calculated as 69.07
+ 17.1 mm, and the M-line at defecation was
43.21 + 21.3 mm. The average ARA angle at
rest was 96.11 + 17.04°,82.71 + 17.8° at strain,
and 113.01 £ 22.4° at defecation. The mean
LPA at maximal straining was 37.86 + 20.1°;
61.2 percent of the patients (n = 52) had
urethral hypermobility. Only 4 patients had
peritoneocele (Table 3). The most common
pathologies were grade 1 cystocele (n = 36,
42.4%) and mild hiatal enlargement (n = 35,
41.2%) followed by grade 1 anterior rectocele
(n =32, 37.6%), grade 2 anterior rectocele (n
=26, 30.6%), and mild pelvic floor descent (n
= 25, 29.4%). Data regarding POP and pelvic
floor relaxation are outlined in Table 4.

Interrater reliability of magnetic resonance
defecography assessment

To determine interrater reliability, 35 pa-
tients were selected randomly and two re-

B Cc

3-D Reconstruction

Figure 4. Pipeline of the study. MR, magnetic resonance.
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viewers (blinded to each other) interpreted
the PCL line at rest, H-line at rest and defe-
cation, M-line at rest and defecation, ARA at
rest, maximal strain and defecation, and LPA.
The intraclass correlation analysis revealed
excellent agreement (Table 5).2°

Levator ani muscle volumetric measure-
ment

The mean number of voxels was calculat-
ed as 12,896.5 + 5202.9 for the patient group
and 18,778.1 £ 6784.1 for the control group.
The mean volume of LAM was quantified
as 33,214.6 £ 11,884.6 mm?3 for the patient
group and 48,107.9 + 12,274.2 mm? for the
control group. The mean surface area of the
patient group was 15,425.8 + 4,022.2 mm?
and 19.458.4 + 4,467.9 mm?for the control
group (Table 3).

Association of levator ani muscle volume
and pelvic floor dysfunction

Voxel numbers, LAM volumes, and surface
area were higher in the control group. Since
the data were not normally distributed, the
number of voxels, segment volume, and sur-
face area of the patients and controls’ LAM
were compared using the Mann-Whitney
U test. For each variable, a statistically sig-
nificant difference was observed (P values
were <0.001). PFD is defined as the presence
of conditions that may affect any compart-
ments, including hiatal enlargement, pelvic
floor descent, cystocele, uterine prolapse,
rectocele, and peritoneocele. The ROC curve
analyses were performed to evaluate the
sensitivity and specificity of the volume and
surface area measurement of the LAM on
PFD. A cut-off value of 38,934.3 mm? was set

Table 3. Magnetic resonance imaging measurements of patient and control groups

with a 0.812 sensitivity and 0.8 specificity for
the LAM volume. The area under the curve
(AUC) was computed as 0.834. For surface
area measurement, the AUC was calculated
as 0.753, and the cut-off value was set as
16,639.4 mm? with a sensitivity of 0.753 and
specificity of 0.706 (Figure 5). We also com-
pared the mean volume of the LAM in the
patient group, depending on the severity
of hiatal enlargement, pelvic floor descent,
and POP. When the disease worsened, no
statistically significant change in the muscle
volume was observed (P values were 0.440,
0.929, and 0.732, respectively).

Effect of gender on levator ani muscle vol-
ume

No statistically significant difference was
observed between female (n = 69) and male

Patient group Control group P value
Age (year, mean + SD) 53.54+15.7 5199+ 134 0.489*
Gender distribution (M/F, n) 16/69 16/69 e
Hysterectomy rate of women (n, and percent) 14 (16.5%) 13 (15.3%) 0.632°
PCL rest (mm, mean + SD) 102.24 +9.9 103.06 + 10.9 0.609°
H-line rest (mm, mean * SD) 4935+9.8 31.06+54 P <0.001¢
M-line rest (mm, mean + SD) 1597 +11.7 6.12+3.2 P <0.001¢
H-line defecation (mm, mean + SD) 69.07+17.1 N/A N/A
M-line defecation (mm, mean + SD) 43.21+213 N/A N/A
ARA rest (°, mean = SD) 96.11 £17.04 N/A N/A
ARA strain (°, mean £ SD) 82.71+17.8 N/A N/A
ARA defecation (°, mean + SD) 113.01 £ 224 N/A N/A
LPA maximal straining (°, mean + SD) 37.86 +20.1 N/A N/A
LAM volume (mm?3, mean + SD) 33,214.6 + 11884.6 48,107.9 + 12274.2 P <0.001?2
LAM surface area (mm? mean * SD) 15425.8 +4022.2 19,458.4 + 4467.9 P <0.001°
LAM number of voxels (mean + SD) 12896.5 + 5202.9 18,778.1 = 6784.1 P <0.0012

n, percentage
Urethral hypermobility 52 (61.2%) N/A N/A
Peritoneocele 4 (4.7%) N/A N/A

2Independent samples t-test results; °Fisher’s exact test results; “Mann-Whitney U test results. SD, standard deviation; M, male; F, female; n, number; PCL, pubococcygeal line; ARA,
anorectal angle; LPA, levator plate angle; LAM, levator ani muscle.

Table 4. Magnetic resonance defecography assessment of patient group

Absent Grade 1 Grade 2 Grade 3
(n, percent) (n, percent) (n, percent) (n, percent)
Cystocele 41 (48.2%) 36 (42.4%) 7 (8.2%) 1(1.2%)
Uterine prolapse 40 (72.7%) 11 (20%) 4 (7.3%) 0 (0%)
Anterior rectocele 21 (24.7%) 32 (37.6%) 26 (30.6%) 6 (7.1%)
Healthy Mild Moderate Severe
(n, percent) (n, percent) (n, percent) (n, percent)
Hiatal enlargement (n, percent) 26 (30.6%) 35 (41.2%) 20 (23.5%) 4 (4.7%)
Pelvic floor descent (n, percent) 15 (17.6%) 25 (29.4%) 23 (27.1%) 22 (25.9%)

n, number.

MRI-based levator ani muscle analysis



(n = 16) controls concerning the number of
voxels, LAM volumes, and surface areas (P
values were 0.419, 0.449, and 0.449, respec-
tively).

Effect of aging on levator ani muscle vol-
ume

A weak negative correlation was observed
between the age and LAM volume in only
the patient group (r: —0.227, P value, 0.037).
All participants (n = 170) were divided into
two groups according to their age; individ-
uals older than 50 years comprised the first
group (n =93) and the remaining individuals
represented the second group (n = 77). The
average volume of the LAM was significantly
lower in the first group (P value, 0.019).

Effect of history of hysterectomy on levator
ani muscle volume

No statistically significant difference was
observed among the women controls based
on their history of hysterectomy (n = 69, and
Pvalueis 0.671).

ROC Curve analysis of the LAM volume measurement on pelvic floor dysfunction

Sensitivity

0.0 0'2 0‘4 0'6 0'8 1.0
a 1 - Specificity

Discussion

In the diagnosis of PFD, clinical examina-
tion is generally indefinite in isolation and
may lead to the underestimation of patholo-
gies and involved compartments.?'> Various
imaging modalities are employed to assess
the pelvic floor, particularly the LAM, which
represents the active component, including
translabial-endovaginal US, CT, fluoroscopy,
and MRL'>?" MR defecography imaging offers
exceptional spatial and contrast resolution,
enabling the delineation of even small tears
or injuries, and providing detailed anatom-
ical and functional information. In this re-
gard, it plays a crucial role in the concurrent
assessment of pelvic organs and pelvic floor
muscles without radiation exposure and
contrast media administration, unlike dy-
namic fluoroscopic defecography.??

In this retrospective case-control study,
our primary objective was to investigate the
relationship between the volume of the LAM
and PFD, and its potential contribution to

ROC Curve analysis of the surface area of the LAM on pelvic floor dysfunction
1.0

0.81

0.6

Sensitivity

0.4

0.2

0.0 02 04 0.6 0.8 1.0
b 1 - Specificity

Figure 5. The receiver operating curve analyses of the LAM volume measurement and surface area in the
presence of pelvic floor dysfunction. Volumetric measurement: AUC: 0.834, cut-off value: 38,934.3 mm?® with
a sensitivity of 0.812 and specificity of 0.8 (a). Surface area measurement: AUC: 0.753, cut-off value 16,639.4
mm? with a sensitivity of 0.753 and specificity of 0.706 (b). LAM, levator ani muscle; AUC, area under the

curve.

Table 5. Interobserver correlations of routine magnetic resonance defecography

measurements

Observer 1 Observer 2 ICC P value
Measurements (n = 35) (Mean +SD) (Mean = SD) (95% CI)
PCL rest (mm) 100.49 £ 10.7 102.09+10.1  0.985(0.970-0.992)  <0.001
H-line rest (mm) 50.9+9.9 51.2+£10.1 0.992 (0.985-0.996)  <0.001
M-line rest (mm) 19.5+£12.2 186+ 12.1 0.976 (0.952-0.988)  <0.001
H-line defecation (mm) 71.9+185 74.2+185 0.955(0.914-0.977)  <0.001
M-line defecation (mm) 475+215 48.8+21.2 0.967 (0.936-0.983)  <0.001
ARA rest (°) 99.8+15.7 98.7 £ 14.6 0.948 (0.9-0.973) <0.001
ARA strain (°) 84.9+18.9 834+17.2 0.943 (0.891-0.971)  <0.001
ARA defecation (°) 1123+£228 113.7+£224  0.991(0.982-0.995)  <0.001
LPA maximal straining (°) 356+19.3 373+£196 0.967 (0.936-0.983)  <0.001

ICC, intraclass correlation coefficient; Cl, confidence interval; n, number; SD, standard deviation; PCL, pubococcygeal

line; ARA, anorectal angle; LPA, levator plate angle.
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routine MR defecography measurements. As
we assumed, our results confirmed the pres-
ence of a correlation between a decreased
LAM volume and PFD. Patients with an LAM
volume calculated below 38,934.3 mm? have
a higher tendency toward PFD. However,
contrary to our initial hypothesis, we did not
observe a linear correlation between the se-
verity of POP or pelvic floor relaxation and
muscle volume. The small number of sub-
groups in the patient group may have affect-
ed the reliability of the subgroup comparison
results. Further work on larger populations is
thus needed to validate our results.

Previous studies focused on LAM seg-
mentation based on transperineal or en-
dovaginal US and MRL'®™ Rabbat et al.®
proposed using deep learning algorithms
to automate LAM segmentation as a means
to improve the diagnostic ability of the US.
Another study utilizing MRI suggests a mod-
ified Chan-Vese segmentation model, which
uses intensity information and the influence
of shape to segment the LAM in axial slices.?*
Compared to manual segmentation, auto-
mated segmentation models may shorten
the time taken to complete the procedure,
which can assist physicians in executing
muscle identification, segmentation, 3D re-
construction, and automatic volume mea-
surement.?

In the current study, we chose manual
segmentation, despite the extended time of
the process, because it is the reference stan-
dard. Despite employing manual segmenta-
tion, the fact that one segmentation could
be completed in approximately 10 minutes
demonstrates its feasibility and appropriate-
ness for clinical work.

As predicted in prior studies, our study
participants mostly included women. One
of our secondary objectives was to assess
the influence of gender on LAM volume
in healthy participants. A publication by
Cheung et al.* reports that the LAM has ex-
traordinary androgen sensitivity in rodents
and humans. We hypothesized that the vol-
ume of the LAM in women may be lower
than in men, potentially giving rise to vulner-
ability to pelvic floor disorders. However, we
found that LAM volume, LAM surface area,
and the number of voxels were similar for
both genders. This suggests that it is the dif-
ference in processes, such as pregnancy and
childbirth, rather than gender, which may
be at play. Cheung et al.”* investigated the
LA and walking muscle volumes in patients
with prostate cancer receiving androgen
deprivation therapy and found that the ther-
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apy process caused muscle volume loss. The
limitation of their study is that patients with
prostate cancer often concurrently receive
radiation therapy (RT); it should thus be kept
in mind that the outcomes may have been
influenced by RT rather than the androgen
sensitivity of the muscle. There is therefore a
need to elucidate the molecular mechanism
of androgen sensitivity of the LAM.

Wyman et al.?® conducted a study to eval-
uate the relationship between LAM volume,
age, and body mass index (BMI). Interesting-
ly, the results showed that an increased age
in female participants correlated with an el-
evated LAM volume; however, there was no
correlation between BMI and muscle volume.
The study authors assumed these results to
be related to a reduction in the strength and
integrity of the LAM resulting from sarco-
penia.”® In their previous paper, the authors
evaluated whether the estimated LA sub-
tended volume (eLASV) could predict the
success of POP surgical treatment. Their re-
sults indicated that patients with a higher el-
ASV had an increased risk of surgical failure.'?
The main question concerning this study is
the absence of a clear definition of the vol-
umetric measurement process described in
their paper; accordingly, these findings must
be interpreted with caution. In contrast to
earlier findings presented by Wyman et al.%,
our study reveals that older individuals have
a lower LAM volume.

A similar study to the current research was
carried out by Nandikanti et al.?’” to evaluate
the LA bowel volume variation between rest-
ing and straining states in patients with POP
and healthy controls. The results indicate that
hiatus size and bowel volume change during
straining.”’ To the best of our knowledge, this
is the first study comparing LAM volume and
routine MR defecography measurements.

This study has some limitations. Due to
the retrospective design of the research, we
were unable to gather selected information,
including BMI, history of pregnancy/vaginal
birth, and abortion, which indicate a con-
stant relationship with pelvic floor insuffi-
ciency. Additionally, we only assessed LAM
volume; however, anal and urethral sphinc-
ters, internal obturator muscle, coccygeus
muscle, and perineal muscles also play roles
in PFD. Finally, the technique for the axial T2
pelvis MRI for the controls was not exactly
matched to what was used for MR defecog-
raphy.

In conclusion, a lower LAM volume ap-
pears to show a direct correlation with an
increased probability of PFD. Our results did

not reveal a linear correlation between the
severity of POP or pelvic floor relaxation and
muscle volume. Future research with a larger
participant pool is warranted to further in-
vestigate this matter.
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