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Comparing two-dimensional
ultrasonography

with three-dimensional
ultrasonography and MRI

for the levator ani defects grading
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Levator ani defect (LAD) closely correlates with pelvic floor disorders (PFD). In general, LAD was
graded by three-dimensional ultrasonography (3D-US) and MRI, which could be used hardly in some
developing area. Our objective was to determine whether two-dimensional ultrasonography (2D-
US), a method that is almost universally accessible, could be used to diagnose the LAD. 129 Chinese
women with PFD were recruited for the LAD grading by 2D-US and 3D-US and MRI. LAD was classified
into intact, partial and complete avulsions. The puborectalis attachment width (PAW) was measured
by 2D-US and with the software on the three-dimensional MRI-based LAD models. The results were
compared and analyzed using the weighted kappa and the Pearson’s coefficient. Of the 119 patients,
64 were diagnosed with LAD by 2D-US, 70 were identified by 3D-US while 68 were confirmed by
MRI. The LAD grading of 2D-US showed good agreement with MRI (kappa=0.78, 95% CI 0.71-0.86)
and 3D-US (kappa=0.77, 95% CI 0.70-0.84). In regard to the consensus of partial or complete
avulsions, 2D-US showed excellent good agreement with MRI (kappa=0.86, 95% Cl 0.73-0.97),
superior than 3D-US with MRI (kappa =0.55, 95% Cl 0.36-0.71). Additionally, iliococcygeus avulsions
detected by MRI (n=7) were accompanied by complete puborectalis avulsions. The averaged PAW
was 10.42 +5.57 mm measured by 2D-US, which correlated well with the results measured by MRI
(Pearson’s coefficient=0.90). 2D-US, 3D-US and MRI showed the good agreement on LAD diagnosis.
Compared with MRI and 3D-US, 2D-US was comparable in grading LAD, especially complete
avulsions.

Levator ani muscle (LAM), a broad muscular sheet covering the outlet of the pelvis, plays a vital role in main-
taining the pelvic functions and supporting pelvic organs'. The LAM complex has three major components,
puborectalis, iliococcygeus, and pubococcygeus®. Delivery-related traumas are the most important causes of
levator ani defects (LAD)?. Vaginal deliveries lead to the enlargement of the levator hiatus and the substantial
stretch of the LAM, which may cause the LAD".

It has been published that LAD closely correlate with pelvic floor disorders, especially pelvic organ pro-
lapses (POP) and stress urinary incontinence (SUI). The LAD appears to double the risk of anterior and central
compartment prolapse*>. Moreover, the size of the defect has a direct correlation with prolapse symptoms®.
It is significant to grade the LAD for the better treatment, the prediction of related symptoms and the further
investigations of PFD mechanism.

The LAD can be graded by magnetic resonance imaging (MRI), two-dimensional ultrasonography (2D-US)
and three-dimensional ultrasonography (3D-US). MRI is considered as the most reliable reference due to its
intense soft tissue contrast and discriminatory capacity”®, though there is no gold standard. However, MRI has
not been widely adopted in urogynecological practice due to its cost and availability. 3D-US has been emerged
as a more cost-efficient tool to diagnose LAD®. Neither MRI nor 3D-US is universally available as opposed to
2D-US. For 2D-US, the LAM could be observed by an oblique parasagittal translabial approach'®. Most previous
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Variables Measurement

Age, v, (IQR) 64 (53,75)

BMLI, kg/m?* 24.09+3.13

Gravidity, n, (IQR) 4(2,5)

Parity, n, (IQR) 3(2,4)

Pelvic organ prolapse grade | Number (number/total %)
I 15 (12.6%)

1II 31 (26.1%)

I 43 (36.1%)

v 30 (25.2%)

Table 1. General demographics of women with pelvic floor disorders (N=119). BMI body mass index, IQR
interquartile range.

Figure 1. The magnetic resonance image showed the bilateral avulsion (A) and left avulsion (C). The
tomographic ultrasound images showed complete avulsions at the both sides on the three central slices (B) and
partial avulsion at left side on the three central slices (D). White arrows pointed the positions of the levator ani
defect.

studies used 2-dimensional (2D) planes of 3D-US and MRI to describe the morphology of LAM, which was not
sufficient for the description of LAM, a three-dimensional structure. Within the specific postprocessing software,
3-dimensional magnetic resonance models (3D-MR-model) can be reconstructed for 3-dimensional overview
and valid parameters of LAM.

So far, no prior studies have compared 2D-US, 3D-US and MRI on the grading of LAD and evaluated the
value of 2D-US on the diagnosis of LAD. Our objective was to determine whether 2D-US, an effective imaging
method that is universally accessible, could be used to grade the size of the LAD compared with MRI and 3D-US.

Results

From November 2019 to September 2021, 129 patients were recruited in this research. Ten patients were excluded
due to the exclusive conditions. The LAD grading of 119 patients were assessed, equal to 238 attachments
assessed. The general demographic characteristics of patients were presented in Table 1. 90.8% patients (108/119)
had given birth vaginally. Presenting complaints were urinary stress incontinence (59/119, 49.6%), prolapse
symptoms (74/119, 62.2%) and voiding dysfunctions (21/119, 17.6%).

In the case of avulsions on 3D-US, the hypoechoic insertions appeared at the attachments of the puborectalis
muscle at the pubic ramus. 49 patients had no visible avulsions. 48 patients had unilateral avulsions (Fig. 1D),
while 22 had bilateral avulsions (Fig. 1B). 50 attachments showed partial avulsions and 42 presented complete
avulsions.

In the case of avulsions on 2D-US, the attachments of puborectalis to the pelvis were replaced by the hypo-
echoic zones. 55 patients had no visible defects. 44 patients had unilateral avulsions. Meanwhile, 20 had bilateral
avulsions. 55 attachments presented partial avulsions and 29 showed complete avulsions.

On MRI, 51 patients were diagnosed with no damage, while 41 had unilateral avulsions (Fig. 1C) and 27 had
bilateral avulsions (Fig. 1A). 65 attachments were assessed as partial avulsions while 30 as complete avulsions.
The iliococcygeus could be detected by MRI, similar to a butterfly. Seven patients were diagnosed with iliococ-
cygeus avulsion accompanying with complete puborectalis avulsion at the same side.
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MRI
Intact | Partial | Complete | MRI Kappa | 95% CI
Intact 137 13 4 Intact-Avulsion 0.79 0.71-0.87
2D-US | Partial 4 49 2 2D-US | Intact-Partial-Complete | 0.78 0.71-0.86
Complete 2 3 24 Partial-Complete 0.86 0.73-0.97
MRI
Intact | Partial | Complete | MRI Kappa | 95% CI
Intact 139 5 2 Intact-Avulsion 0.90 0.84-0.96
3D-US | Partial 1 45 4 3D-US | Intact-Partial-Complete | 0.77 0.70-0.84
Complete 3 15 24 Partial-Complete 0.55 0.36-0.71
3D-US
Intact | Partial | Complete |3D-US Kappa | 95% CI
Intact 143 6 5 Intact-Avulsion 0.87 0.81-0.93
2D-US Partial 1 39 15 2D-US | Intact-Partial-Complete | 0.73 0.65-0.80
Complete 2 5 22 Partial-Complete 0.49 0.29-0.68

Table 2. Comparison of the agreement on the grading of levator ani defects between the MRI, three-
dimensional ultrasonography and two-dimensional ultrasonography. Avulsion including partial avulsion and
complete avulsion, Intact no avulsions, Partial partial avulsion, Complete complete avulsion, MRI magnetic
resonance imaging, 2D-US two-dimensional ultrasonography, CI confidence interval, 3D-US, three-
dimensional ultrasonography.

Table 2 contained the comparison of the agreement on the LAD grading assessed by 3D-US, 2D-US and MRI.
Both 2D-US and 3D-US agreed well with MRI in the extent of LAD (intact-partial-complete), with the kappa of
0.78 (95% Confidence interval [CI] 0.71-0.86) and 0.77 (95% CI 0.70-0.84) respectively. Further analysis showed
that 2D-US presented the superior agreement (kappa =0.86, 95%CI 0.73-0.97) than 3D-US (kappa=0.55, 95%
CI 0.36-0.71) in the diagnosis of partial or complete avulsions. However, 2D-US showed inferior agreement
(kappa=0.79, 95% CI 0.71-0.87) than 3D-US (kappa =0.90, 95%CI 0.84-0.96) in the diagnosis of avulsions or
not.

2D-US and 3D-US showed good agreement in the extent (intact-partial-complete) (kappa=0.73, 95% CI
0.65-0.80) and the diagnosis of avulsion or not (kappa=0.87, 95% CI 0.81-0.93). However, these two methods
presented moderate agreement in the diagnosis of partial or complete avulsions (kappa=0.49, 95% CI 0.29-0.68).

The puborectalis attachment width (PAW) of the intact attachments reached 10.42 +5.57 mm on 2D-US,
while 11.01 +5.95 mm on 3D models. The agreement on the measurement of PAW showed excellent agreement
with the Pearson’s coeflicient of 0.90 (95% CI 0.83-0.97).

The kappa for the interobserver agreement of the LAD grading by the MRI was 0.83 (95% CI 0.76-0.89),
which was defined as excellent agreement. The interobserver agreement between the two observers in LAD
grading by 3D-US and 2D-US had the kappa of 0.79 (95% CI 0.73-0.85) and 0.77 (95% 0.71-0.83), respectively,
which were defined as good agreement.

Discussion
It has been proved that LAD closely correlates with PFD, especially anterior or central compartment prolapse
It was also found that the size of LAD was associated with the severity of POP*S. It is significant to grade the
defect size for the better treatment and further researches of the PFD mechanism. The LAD has been usually
detected and graded by 3D-US and MRI. This study was aimed to determine whether 2D-US, a more universally
accessible method in hospital environments, could be used to grade the size of LAD compared with MRI and
3D-US.

3D-US is a non-invasive and widely clinically used method for LAD. It has remarkable advantages in real-
time observation, easy-operation and efficiency”'?. However, 3D-US need the ultrasound diagnostic system
equipped with volume transducer. MRI is recognized as the most reliable method for LAD grading due to its
superior competence of soft tissue contrast’. However, MRI has not been widely adopted in clinical practice,
the main reason being cost and availability. A majority of ultrasound diagnostic systems were equipped with
abdominal curved array transducer. 2D-US could be much more widely clinically and economically used, even
in some developing countries, if its repeatability and advantages in the LAD diagnosis has been authenticated.

According to the anatomy, the size of the levator avulsion was classified into no, partial and complete
avulsions?. 2D-US, 3D-US and MRI used the different criteria to grade the size of LAD due to the different
imaging principles and post-processing modes. In order to grade the extent of LAD, 3D-US used the number
of the defect slices, MRI used the ratio of defect to no-defect slices, while 2D-US detected the discontinuity
between the hyperechogenic muscle fiber and pelvic wall**1®1314 Previous studies had been proved that these
different grading criteria on LAD was statistically objective, reliable and repeatable”'®!%!>. This study used the
similar method as the previous studies!>!5.

Several studies had compared MRI and 3D-US findings on LAD. Zhuang et al. and Notten et al. demonstrated
that MRI and 3D-US correlated well in the grading of LAD'”'8. However, their further analysis showed that the
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difference between the 3D-US and MRI was mainly in diagnosis of the partial or complete avulsions, which was
in line with our findings. So far, no researches have compared 2D-US, 3D-US and MRI on LAD grading. This
study compared these three imaging methods to prove the value of 2D-US. It was demonstrated that 3D-US was
better in diagnosis of avulsions or not than 2D-US. Whereas 2D-US was better in diagnosing complete avulsions
than 3D-US. On the grading of LAD (partial or complete), regarding MRI results as the standards, the diagnos-
tic specificity was 75.0% and the diagnostic sensitivity of 3D-US reached 85.7%. If we used 3D-US to diagnose
avulsions and then used 2D-US to confirm partial or complete avulsions, the diagnostic specificity promoted to
98.3% and the diagnostic sensitivity promoted to 92.3%. Therefore, 3D-US combined with 2D-US could better
assess the grading of LAD. However, the iliococcygeus (the more cranial aspects of the LAM) was not invisible by
translabial ultrasonography due to the poor resolution beyond 6 cm from perineum. The iliococcygeus avulsions
could only be diagnosed by MRI. Moreover, this study also found that the iliococcygeus avulsions accompanied
with the complete puborectalis avulsions at the same side, which has not been reported before.

Previous studies found that the difference between MRI and 3D-US mainly in diagnosing partial or complete
avulsions'>'8. So far, the reasons for the difference were remained unclear. This study proved that the three central
slices on TUI (width of 7.5 mm) obtained by 3D-US could not cover the whole attachment with the width of
11.01 +£5.95 mm, which resulted in the difference. In addition, the length of PAW measured by 2D-US agreed well
with the measurement from 3D-MR-models, which illustrated that 2D-US could cover the whole attachment.
Therefore, 2D-US had superior performance in grading partial or complete avulsions than 3D-US. Moreover,
2D-US could also observe the contraction and distention of the puborectalis attachments dynamically, which
would contribute to the assessment and investigations of LAM contractility.

This study had several limits. First, the subject was not contained nulliparous women with intact LAM for
comparison, which would be supplemented in the future works. Second, the PAW in contraction and distention
was not recorded in this study, which contributed to assessing the functions of puborectalis.

In conclusion, compared with 3D-US and MRI, 2D-US is comparable in grading LAD, especially complete
avulsions. In addition, 3D-US combined with 2D-US can more accurately assess the size of LAD.

Methods
This study was conducted in Fujian Provincial Hospital from November 2019 to September 2021. Written
informed consent was obtained from all participants.

This comparative research was undertaken in patients included from gynecological department, who were
to undergo treatment for prolapse. 129 patients were interviewed about the symptoms of urinary or fecal incon-
tinence using a standardized questionnaire'. They also underwent the prolapse assessment using the prolapse
grading system of the International Continence Society®. Pelvic organ prolapse grading included five stages. Stage
0 assigned if no prolapse, stage L if greater than 1 cm above the hymen, stage IL if 1 cm or less proximal or distal
to the plane of the hymen, stage III if greater than 1 cm below the plane of the hymen, but protruding no farther
than 2 cm less than the total vaginal length and stage IV if eversion of the lower genital tract was complete?.
The exclusion criteria were: (1) history of metal implantation; (2) claustrophobia; (3) history of abdominal or
pelvic surgery; (4) inability to understand the instructions in Mandarin. MRI was carried out after 1 to 5 days
after ultrasound examinations. The grading of LAD was carried out on left or right ends of LAM separately.

Three-dimensional ultrasonography. The 3D-US was performed on patients in the lithotomy position
by a GE Voluson E8 system (GE Kretz Technik GmbH, Zipf, Austria) with a RAB 4-8 MHz volume transducer.
On 3D-US, the puborectalis muscle originated from the pubic internal surface and then formed a V-shaped sling
bypassing the anorectal junction. On the basis of Dietz’s scoring criteria, the minimal distance in the axial plane
between the posterior pubic symphysis border (hypoechogenic area) and the central anterior aspect of pubo-
rectalis loop (hyperechogenic muscles) was identified®. The plane of minimal axial dimension was identified by
this line. During the pelvic floor maximum contraction, tomographic ultrasound imaging (TUI) was then used
to acquire the slices at 2.5 mm intervals, from 5 below to 12.5 mm above the plane of minimal dimension (eight
slices, Slice —2 to Slice 5). Complete avulsions were identified if all three central slices (Slice 0 to Slice 2) showed
hypoechoic insertions (Fig. 1B), while partial avulsions were defined if any of the Slice 0 to Slice 5 presented
abnormal except what was complete avulsions (Fig. 1D). The length of levator urethra gap (LUG) was the dis-
tance between the urethral mucosa and smooth muscle or on the most medial aspect of the muscle insertion’.
In equivocal cases, the insertions were identified as avulsions if the LUG was greater than 25 mm°. The LUG was
measured in three central slices and then averaged.

Two-dimensional ultrasonography. The 2D-US was undertaken by a GE Voluson E8 system (GE Kretz
Technik GmbH, Zipf, Austria) with a 5-8 MHz convex array transducer. According to the anatomy, the pubo-
rectalis muscle attached to the pubis ramus (Fig. 2A). On 2D-US, the puborectalis represented the continuous
hyperechogenic area attached to pubis (Fig. 2B). The main axis of transducer accorded with the fiber direction
of the puborectalis by an oblique parasagittal approach. Starting from the mid-sagittal plane, the transducer
was rotated by 10°-25° and tilted from the superolateral to the inferomedial direction'’. The levator ani defects
on 2D-US were classified into the intact, partial avulsion and complete avulsions. The intact levator ani muscle
showed the hyperechogenic fibers attached to the pelvis without the discontinuity (hypoechogenic insertions)
(Fig. 2B). Partial avulsions were identified if there was a discontinuity between the puborectalis hyperechogenic
fibers and the pelvis but still remained hyperechogenic fibers attached to the pelvis'® (Fig. 2C). Complete avul-
sions were identified when no puborectalis fibers located on pelvic sidewalls (Fig. 2D).
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Figure 2. Parasagittal view of the puborectalis attached to the pubic ramus. (A) presented the schematic
drawing of the principal structures of the attachment, which was seen in (B). (B) Showed the intact attachment
of the puborectalis, with the hyperechogenic muscle fibers clearly visible. The black dotted line showed the
measurement of the puborectalis attachment width (PAW). (C) Showed the partial avulsion of puborectalis at
the attachment. (D) Presented the complete avulsion of puborectalis.

Figure 3. (A) The three-dimensional magnetic-resonance based model of pelvic floor. (B) The measurement
of the puborectalis attachment width (PAW). Showing structures in color. The puborectalis in orange, the
iliococcygeus in green, the internal obturator muscle in blue, the pelvic bone in light yellow and the pubic
symphysis in dark yellow.

The puborectalis attachment width (PAW) was measured as the length of origins from the pubic internal
surface. We chose the most anterior section of puborectalis (0.5-1 cm) as the measuring range, as close as possible
to the pubic internal surface (Fig. 2B). The PAW was measured three times and then averaged.

Two different observers (N. Lin and ZH. Fan) performed and assessed the 3D-US and 2D-US scans indepen-
dently. They were blinded against patients’ demographics and previous examination findings. They were blinded
to the measurements made by the other observer. At the start of the research, two observers had approximately
5 years of experience in performing and assessing the ultrasound scans (1000-1500) regarding pelvic floor.
Furthermore, two observers confirmed the diagnostic standards before the study and participated in consensus
meetings in which 22 3D-US images and 27 2D-US images were discussed.

MRI examinations and three-dimensional modeling. The magnetic resonance images were obtained
by a high-resolution axial 3 T scanner (Siemens, Erlangen, Germany) equipped with a 35 cm field of view. The
standard imaging parameters were: T2-weighted turbo and fast spin echo sequence (TR, 1260 ms; TE 130 ms;
slice thickness, 1.0 mm). According to Delancey’s scoring system, LAD was diagnosed if there was a discontinu-
ity between the puborectalis and the pubic ramus (at least one 4 mm or two and more adjacent 2 mm sections in
both the axial and coronal planes)' (Fig. 1A,C). According to the size of avulsions, LAD was classified into the
intact, partial avulsions and complete avulsions (no residual fibers)'**!. The iliococcygeus originated from the
arcus tendinous levator ani, which overlies the obturator internus. The iliococcygeus avulsions were diagnosed
if there was a discontinuity between the iliococcygeus and the obturator internus.

Each MRI scan was assessed offline by two researchers (YL. Xu and XJ. Gao) independently. They were blinded
against patients’ demographics and previous examination findings. At the start of the study, two researchers had
approximately 4 years of experience in assessing lower abdominal and pelvic floor magnetic resonance images
(500-800). In addition, two researchers confirmed the diagnostic criteria before the study and participated in
consensus meetings in which 25 magnetic resonance images were discussed.

The magnetic resonance images were then imported into Mimics 17.0 (Materialise Group, Leuven, Belgium).
On the basis of the anatomy, puborectalis, iliococcygeus and pubic ramus were delineated on consecutive axial
scans, which could be reconstructed in 3-dimensional rendering'®?%. The advanced imaging processing tools
were applied, such as smoothing and wrapping®* (Fig. 3A). Then the PAW was measured on three-dimensional
MRI-based models (3D-MR-model) three times (Fig. 3B). The averaged values were compared with the figures
obtained by 2D-US*.
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Statistical analysis. The statistical analysis was undertaken by SPSS 17.0 for Windows (SPSS Chicago, IL,
USA). The agreement between the methods and observers was assessed by Cohen’s kappa. The value of kappa
less than 0.20 indicates poor, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80 good, and 0.81-1.00 excellent agree-
ment. The parameters were shown as the mean positive and negative standard deviation (X £s). The agreement
between measuring methods was evaluated by Pearson’s correlation. The Pearson’s coefficient less than 0.20
indicates poor, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80 good, and 0.81-1.00 excellent agreement. A value
of P <0.05 was considered statistically.

Statement of ethics. This study was approved by the Ethics Committee affiliated with Fujian Provincial
Hospital. All procedures performed in the study involving human participants were in accordance with the 1964
Helsinki declaration and its later amendments. All participants signed the informed consent.

Received: 11 November 2021; Accepted: 9 May 2022
Published online: 02 June 2022

References

1. Schwertner-Tiepelmann, N., Thakar, R., Sultan, A. H. & Tunn, R. Obstetric levator ani muscle injuries: current status. Ultrasound
Obstet. Gynecol. 39(4), 372-383. https://doi.org/10.1002/u0g.11080 (2012).

2. Kearney, R., Sawhney, R. & DeLancey, J. O. Levator ani muscle anatomy evaluated by origin-insertion pairs. Obstet. Gynecol. 104(1),
168-173. https://doi.org/10.1097/01.A0G.0000128906.61529.6b (2004).

3. Kearney, R., Miller, J. M., Ashton-Miller, J. A. & DeLancey, J. O. Obstetric factors associated with levator ani muscle injury after
vaginal birth. Obstet. Gynecol. 107(1), 144-149. https://doi.org/10.1097/01.A0G.0000194063.63206.1c (2006).

4. DeLancey, J. O., Kearney, R., Chou, Q,, Speights, S. & Binno, S. The appearance of levator ani muscle abnormalities in magnetic
resonance images after vaginal delivery. Obstet. Gynecol. 101(1), 46-53 (2003).

5. Dietz, H. P. & Lanzarone, V. Levator trauma after vaginal delivery. Obstet. Gynecol. 106(4), 707-712. https://doi.org/10.1097/01.
AOG.0000178779.62181.01 (2005).

6. Dietz, H. P. Quantification of major morphological abnormalities of the levator ani. Ultrasound Obstet. Gynecol. 29(3), 329-334.
https://doi.org/10.1002/uog.3951 (2007).

7. Strohbehn, K., Ellis, J. H., Strohbehn, J. A. & DeLancey, J. O. Magnetic resonance imaging of the levator ani with anatomic cor-
relation. Obstet. Gynecol. 87(2), 277-285 (1996).

8. Shi, M. et al. MRI changes of pelvic floor and pubic bone observed in primiparous women after childbirth by normal vaginal
delivery. Arch. Gynecol. Obstet. 294(2), 285-289. https://doi.org/10.1007/s00404-016-4023-z (2016).

9. Dietz, H. P, Bernardo, M. J., Kirby, A. & Shek, K. L. Minimal criteria for the diagnosis of avulsion of the puborectalis muscle by
tomographic ultrasound. Int. Urogynecol. J. 22(6), 699-704. https://doi.org/10.1007/s00192-010-1329-4 (2011).

10. Dietz, H. P. & Shek, K. L. Levator defects can be detected by 2D translabial ultrasound. Int. Urogynecol J. Pelvic Floor Dysfunct.
20(7), 807-811. https://doi.org/10.1007/s00192-009-0839-4 (2009).

11. DeLancey, J. O. L. et al. Comparison of levator ani muscle defects and function in women with and without pelvic organ prolapse.
Obstet. Gynecol. 109(2), 295-302. https://doi.org/10.1097/01.A0G.0000250901.57095.ba (2007).

12. Dou, C. et al. Determining “abnormal” levator hiatus distensibility using three-dimensional transperineal ultrasound in Chinese
women. Front. Med. 12(5), 572-579. https://doi.org/10.1007/s11684-017-0561-4 (2017).

13. Dietz, H. P. & Shek, K. L. Tomographic ultrasound imaging of the pelvic floor: Which levels matter most? Ultrasound Obstet.
Gynecol. 33(6), 698-703. https://doi.org/10.1002/u0g.6403 (2009).

14. Miller, J. M. et al. MRI findings in patients considered high risk for pelvic floor injury studied serially after vaginal childbirth. Am.
J. Roentgenol. 195(3), 786-791. https://doi.org/10.2214/AJR.09.3508 (2010).

15. Vergeldt, T. F, Weemhoff, M., Notten, K. J., Kessels, A. G. & Kluivers, K. B. Comparison of two scoring systems for diagnosing
levator ani muscle damage. Int. Urogynecol. J. 24(9), 1501-1506. https://doi.org/10.1007/s00192-013-2052-8 (2013).

16. Yan, Y. et al. Combination of tomographic ultrasound imaging and three-dimensional magnetic resonance imaging-based model
to diagnose postpartum levator avulsion. Sci. Rep. 7(1), 11235. https://doi.org/10.1038/s41598-017-08201-9 (2017).

17. Zhuang, R. R. et al. Levator avulsion using a tomographic ultrasound and magnetic resonance-based model. Am. J. Obstet. Gynecol.
205(3), 232. https://doi.org/10.1016/j.ajog.2011.03.052 (2011).

18. Notten, K. J. et al. Translabial three-dimensional ultrasonography compared with magnetic resonance imaging in detecting levator
ani defects. Obstet. Gynecol. 124(6), 1190-1197. https://doi.org/10.1097/A0G.0000000000000560 (2014).

19. Barber, M. D., Walters, M. D. & Bump, R. C. Short forms of two condition-specific quality-of-life questionnaires for women with
pelvic floor disorders (PFDI-20 and PFIQ-7). Am. J. Obstet. Gynecol. 193(1), 103-113. https://doi.org/10.1016/j.ajog.2004.12.025
(2005).

20. Onwude, J. L. Genital prolapse in women. BMJ Clin. Evid. 2012, 0817 (2007).

21. DeLancey, J. O. L. et al. Comparison of levator ani muscle defects and function in women with and without pelvic organ prolapse.
Obstetr. Gynecol. Surv. 62, 374 (2007).

22. Krofta, L. et al. Finite element model focused on stress distribution in the levator ani muscle during vaginal delivery. Int. Urogynecol.
J. 28(2), 275-284. https://doi.org/10.1007/s00192-016-3126-1 (2017).

23. Hoyte, L. et al. Measurements from image-based three dimensional pelvic floor reconstruction: A study of inter- and intraobserver
reliability. J. Magn. Reson. Imaging 30(2), 344-350. https://doi.org/10.1002/jmri.21847 (2009).

Author contributions
Y.J.L.: conceptualization, manuscript writing. H.H.P. & Y.J.L.: data analysis. H.H.P. & L.X.Y.: data collection. N.L.
& Z.H.E.: manuscript editing. W.].C.: project development, funding acquisition, manuscript editing.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to W.C.

Reprints and permissions information is available at www.nature.com/reprints.

Scientific Reports |

(2022) 12:9175 | https://doi.org/10.1038/s41598-022-13427-3 nature portfolio


https://doi.org/10.1002/uog.11080
https://doi.org/10.1097/01.AOG.0000128906.61529.6b
https://doi.org/10.1097/01.AOG.0000194063.63206.1c
https://doi.org/10.1097/01.AOG.0000178779.62181.01
https://doi.org/10.1097/01.AOG.0000178779.62181.01
https://doi.org/10.1002/uog.3951
https://doi.org/10.1007/s00404-016-4023-z
https://doi.org/10.1007/s00192-010-1329-4
https://doi.org/10.1007/s00192-009-0839-4
https://doi.org/10.1097/01.AOG.0000250901.57095.ba
https://doi.org/10.1007/s11684-017-0561-4
https://doi.org/10.1002/uog.6403
https://doi.org/10.2214/AJR.09.3508
https://doi.org/10.1007/s00192-013-2052-8
https://doi.org/10.1038/s41598-017-08201-9
https://doi.org/10.1016/j.ajog.2011.03.052
https://doi.org/10.1097/AOG.0000000000000560
https://doi.org/10.1016/j.ajog.2004.12.025
https://doi.org/10.1007/s00192-016-3126-1
https://doi.org/10.1002/jmri.21847
www.nature.com/reprints

www.nature.com/scientificreports/

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

= License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports|  (2022)12:9175 | https://doi.org/10.1038/s41598-022-13427-3 nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Comparing two-dimensional ultrasonography with three-dimensional ultrasonography and MRI for the levator ani defects grading
	Results
	Discussion
	Methods
	Three-dimensional ultrasonography. 
	Two-dimensional ultrasonography. 
	MRI examinations and three-dimensional modeling. 
	Statistical analysis. 
	Statement of ethics. 

	References


