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Abstract

Introduction and hypothesis Endovaginal ultrasound has long been hypothesized to have a significant effect on locations of
what it visualizes. However, little work has directly quantified its effect. This study aimed to quantify it.

Methods This cross-sectional study consisted of 20 healthy asymptomatic volunteers who underwent both endovaginal
ultrasound and MRI. The urethra, vagina, rectum, pelvic floor, and pubic bone were segmented in both ultrasound and MRI
using 3DSlicer. Then, using 3DSlicer’s transform tool the volumes were rigidly aligned based on the posterior curvature
of the pubic bone. The organs were then split into thirds along their long axis to compare their distal, middle, and proximal
sections. Using Houdini, we compared the location of the centroid of each of the urethra, vagina, and rectum and the surface-
to-surface difference of the urethra and rectum. The anterior curvature of the pelvic floor was also compared. Normality of
all variables was assessed by Shapiro—Wilk test.

Results The largest amount of surface-to-surface distance was observed in the proximal region for the urethra and rectum.
Across all three organs, the majority of the deviation was in the anterior direction for geometries obtained from ultrasound
versus those from MRI. For each subject, the trace defining the midline of the levator plate was more anterior for ultrasound
compared to MRI.

Conclusions While it has often been assumed that placing a probe in the vagina probably distorts the anatomy, this study
quantified the distortion and displacement of the pelvic viscera. This allows for better interpretation of clinical and research
findings based on this modality.

Keywords Pelvic floor musculature - Endovaginal ultrasound - Imaging analysis - Pelvic organs
Abbreviations Introduction
MRI Magnetic resonance imaging

POP Pelvic organ prolapse
SUI  Stress urinary incontinence

Pelvic floor disorders such as stress urinary incontinence
(SUI) and pelvic organ prolapse (POP) affect many women
in the United States, with up to 24% of all women reporting
at least one pelvic floor disorder [1]. These two disorders
(SUI and POP) alone cost the healthcare system up to 12.4
billion and 412 million dollars annually respectively [2, 3].
The rise in prevalence of these disorders has made effective
diagnosis and treatment imperative [4]. Diagnosis of pelvic
floor disorders is often based on symptom evaluation and
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a pelvic exam. However, in recent years medical imaging
procedures including MRI and ultrasound are increasing in
popularity amongst clinicians as tools used to assess anatomy
and function of the pelvic floor. Each modality comes with its
own set of pros and cons, but the major differences between
them are monetary cost, patient comfort, and accuracy [5].
Pelvic floor MRI provides a large field of view rela-
tive to ultrasound allowing for visualization of the entire
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pelvic floor, and it can be used to aid in the diagnosis
of pelvic floor disorders [5]. In contrast, translabial
ultrasound is cheaper, readily available and can visual-
ize most of the pelvic region. However, its field of view
is more limited and may not capture the entire levator
muscle group. In addition, it may distort the anatomy of
distal structures based on pressure exerted on the probe
[5, 6]. This led us to explore the use of endovaginal ultra-
sound, which affords improved visualization of the leva-
tor muscle group while maintaining low cost and high
availability. Studies comparing the efficacy of MRI and
endovaginal ultrasound for diagnosing cancers and other
disorders have been published [7-9]. Unfortunately, the
existing quantitative data focuses on the increased spatial
resolution of endovaginal ultrasound and does not com-
pare the effects of insertion of the endovaginal probe on
the pelvic organs [10].

Dynamic and static MRI and ultrasound have been
used to define the range of motion and shape of the pel-
vic floor musculature and organs in both symptomatic
and asymptomatic individuals [11-14]. In recent years,
ultrasound has become a more commonly used tool in the
diagnosis of pelvic floor disorders [6, 15—18]. The major-
ity of research has focused on comparing the diagnostic
efficacy of endovaginal ultrasound and MRI for endo-
metriosis and endometrial cancer [19-21]. These studies
compare the two modalities’ capability to diagnose spe-
cific diseases and not the effect that the insertion of the
probe has on the pelvic organs themselves. The two most
used ultrasound techniques are translabial/transperineal
and endovaginal [6, 22]. A common concern concerning
endovaginal ultrasound is the effect of the vaginal probe
on the shape and position of the pelvic floor and pelvic
viscera. The thought is that this effect can potentially
decrease the reliability of this modality. However, there
is little quantitative data to justify this claim. A better
understanding of the measurements for which this modal-
ity is reliable will improve the research and clinical inter-
pretations of the data obtained from endovaginal pelvic
floor ultrasound.

The three organs (urethra, vagina, and rectum) that are
inside the levator bowl are the most likely to be affected by
the insertion of the probe. Additionally, the probe may also
affect the levator muscles themselves. Therefore, this study
aimed to quantify the difference in the position of urethra,
vagina, rectum, and levator muscles between MRI and end-
ovaginal ultrasound. As a secondary comparison, this study
compared the surface-to-surface displacement difference
between the urethra and rectum between the two modali-
ties. We hypothesized that the majority of the variation in
the location of the organs in endovaginal ultrasound would
be in the anterior/posterior direction due to the insertion of
the probe.
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Methods

This is a cross-sectional study including 20 asymptomatic,
nulliparous volunteers at Northshore University Health-
System between the months of September and Decem-
ber 2020. Subjects were all healthcare workers recruited
within our institution. Institutional review board approval
was received for this study (EH20-133).

All subjects underwent a comprehensive evalua-
tion including a thorough history, symptom assessment
including the Pelvic Floor Distress inventory (PFDI-20)
questionnaire, pelvic exam including Pelvic Organ Pro-
lapse Quantification (POP-Q) staging, and dynamic MR
defecography. Subjects that had a score of zero on the
PFDI-20 questionnaire and stage 0 on the POP-Q exam
were included in this study. Once included, all women
underwent an MRI and endovaginal ultrasound. We chose
to conduct this study on healthy asymptomatic individuals
in an attempt to limit any potential confounding variables
that could arise due to pre-existing medical conditions
(i.e., POP and SUIJ).

MRI technique

All subjects were imaged in the supine position using a
closed-configuration 1.5 T magnet and a Synergy body
phased-array coil. No bowel preparation was conducted. The
subjects were instructed to empty their bladder 3 h before the
MRI to yield a moderately full bladder. Static multiplanar
images of the pelvis were acquired for anatomic evaluation
using a 4-mm slice thickness with a 0-mm gap, for sagittal
and axial T2-weighted sequences (echo time, 105 ms: repeti-
tion time, 3000 ms). The pelvic floor was visualized in three
planes (axial, coronal, sagittal, T1 and T2).

Endovaginal ultrasound technique

All ultrasound studies were performed in the office setting
using a BK Medical 3000 (Peabody, MA) system with
X14L4 12 MHz transducers. Patients were scanned in the
dorsal lithotomy position with hips flexed and abducted.
Patients were asked to present after voiding. Beyond
that, no further preparation was required, and no rectal
or vaginal contrast was used. The ultrasound probe was
inserted endovaginally and used to collect a radial volume
surrounding the vagina. To avoid excessive pressure on
surrounding structures that could distort the anatomy, the
probe was inserted into the vagina in a neutral position
minimizing pressure on vaginal walls. Ultrasound volumes
were digitally stored for further analysis.
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Image overlay and comparison

Both image volumes were loaded into 3DSlicer (v. 4.11) and
the urethra, vagina, rectum, pubic bone, and levator muscula-
ture were segmented on both MRI and ultrasound [23]. Due
to the distortion of the vagina caused by the ultrasound probe
and its proximity to the probe, the vagina could not be easily
segmented in ultrasound. Instead, the cylindrical interior edge of
the image volume assumed to represent the surface of the probe
was segmented on ultrasound in a position that represented the
midline of the vagina. Thus, the midline of this cylinder was
used to compare with the vaginal midline obtained from MRI
for each subject. For ease of communication, these will both be
referred to as the “vagina” throughout this manuscript. Using
3DSlicer’s transform tool, the ultrasound volume was translated
and rotated until the curvature of the posterior pubic bone from
both volumes were aligned [23]. The pubic bone was chosen
as the reference landmark because it was easily identifiable in
both modalities and would not be displaced by the insertion of
the probe (Figs. 1 and 2). In addition, it has a 3D shape such
that image volumes can be registered accurately in the sagittal,
coronal, and axial planes. The MRI image volume was cropped
such that any portion of a segmented organ that was outside of

Pubic Bone

Fig. 1 Midsagittal representation of the ultrasound volume overlayed
on the MRI volume. Organs of interest are labeled using text labels,
and the posterior curve of the pubic bone was added to the image to

the ultrasound’s field of view was removed. This was done so
that only regions that were observable in both modalities were
compared. Next, each shape was individually imported into
Blender (v. 3.0.1) where the volume of the urethra and rectum
were measured using Blender’s 3D printing toolkit (note: this
value matches the corresponding value provided from 3DSlicer)
[23]. Again, as stated above, the volume of the vagina was not
included here because only the midlines were compared.

With the modalities co-registered, the segmented geom-
etries of the urethra and rectum were broken into thirds along
the longitudinal axis of the organ. This allowed us to compare
the proximal, middle, and distal components of each organ
independently. For each of these regions, changes in anatomi-
cal position were measured in two ways. The first was compar-
ing the surface-to-surface distance between the organs (proxi-
mal, middle, distal). This was used to elucidate how the probe
distorted the 3D geometry of the pelvic organs. The second
method was the displacement between the centroids of each of
the three organ segments (proximal, middle, and distal) along
the three anatomical axes. In addition, the magnitude of the
vector between these centroids was calculated and compared.
This measurement provided information on how the organs
were displaced. It should be noted that the same methods were

make it easier to intercept. Note the representation of the pubic bone
is actually the pubic symphysis because we are in the midsagittal
plane
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Fig.2 Shows the alignment

of the organs between the two
modalities MRI (solid) and
ultrasound (wireframe) from
two views; A sagittal and B
frontal. The two modalities
were aligned by the pubic bone
(green) by attempting to match
the curvature of the pubic bone
as closely as possible. In the
sagittal view, the pubic bone has
been trimmed to better show the
urethra (yellow) from the side.
The segmentation of the rectum
on ultrasound was colored red

A

Sagittal View
Solid: MRI
Wire: Ultrasound

Pubic Bone

Urethra

Frontal View
Solid: MRI
Wire: Ultrasound

Pubic Bone

used when comparing the vaginal midlines; however, the anal-
ysis of the surface-to-surface distances were excluded because
the 3D geometry was not obtained for ultrasound.

Because of the complicated, non-cylindrical shape of the
levator muscles and because the thickness of the levator mus-
cles was not always discernable on ultrasound, a different
approach was employed to quantify distortions and displace-
ments compared to the aforementioned organs. First, a line con-
sisting of 100 vertices that was oriented in the midsagittal plane
was projected posteriorly onto the inner surface of the leva-
tor muscles for both the MRI and ultrasound geometries. The
resulting curve provided a trace of the inner posterior surface
of the levator muscles in the midsagittal plane. Like the other
organs, the geometry was split into thirds along the proximal
to distal direction. Using the projected trace in the proximal,
middle, and distal regions, the distances between corresponding

@ Springer
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points were used to quantified between MRI and ultrasound.
This measurement is essentially providing a quantification of
the difference in position of the levator plate at three levels.

Normality of all variables was checked using a Shap-
iro—Wilk test for normality due to this test’s robustness to
small sample sizes. Volume of the urethra and rectum were
also compared. All statistical analyses were conducted
using SPSS (IBM SPSS Statistics for Macintosh, Version
28.0. IBM Corp.,Armonk, NY, USA).

Results

Twenty women (age: 29.7 + 8.2 years, body mass index:
24.3 +4.5 kg/m?) were initially recruited for this study.
One volunteer became pregnant during the study and was
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Table 1 Table summarizing the
surface-to-surface difference of

Average (mm) Minimum (mm) Maximum (mm)

the rectum and urethra for all of
the subjects at one time. Each
organ was split into equal thirds
based on the length of the long
axis of the organ

Urethra surface-to- Distal
surface distance

Middle
Proximal

Rectum surface-to- Distal
surface distance

Middle

Proximal

3.1+24 0.2+0.6 6.8+3.5
27+1.1 0.0+0.0 6.6+2.6
3.8+1.2 0.1+0.1 8.9+29
57+2.9 0.1+0.1 12.7+4.4
5.1+1.6 0.1+04 12.3+4.1
5.7+2.7 0.0+0.0 14.8+6.2

excluded. Both measurement modalities captured the full 3D
urethral and rectal geometry as observed within the image
volumes bounded by those defined by ultrasound. The sur-
face-to-surface differences and centroidal displacements are
summarized in Tables 1 and 2 respectively. The measured
volume of the urethra was not statistically different between
modalities [4.5+ 1.3 cm® (MRI) vs 4.3+ 1.2 cm® (endovaginal
ultrasound), p =0.667]; however, the volume of the rectum
was significantly different between modalities [13.5 +4.8 cm®
(MRI) vs 6.6+ 1.8 cm® (endovaginal ultrasound), p <0.001].

Surface-to-surface distance

The largest amount of surface-to-surface distance was observed
in the proximal region for both organs. The maximum surface-
to-surface deviation of the urethra was approximately 33%
higher in the proximal region when compared to the middle
and distal segment. The deviation of the surface of the rectum
was 20% higher on the proximal surface compared to the middle
and distal segment. On average, the surface of the urethra devi-
ated 3.2 mm while the surface of the rectum deviated 5.5 mm
for ultrasound relative to MRI. Figure 3 shows an example of the
surface comparisons, with a colormap illustrating the deviations,
and Table 1 summarizes the surface-to-surface comparison.

Centroid distance

Across all three organs, the majority of the deviation was in the
anterior direction for geometries obtained from ultrasound ver-
sus those from MRI. Overall, the rectum deviated by 25% more
than the urethra. On average, along the length of the organs the
centers of the urethra, vagina, and rectum shifted 2.6 mm ante-
riorly, 2.0 mm posteriorly, and 2.3 mm anteriorly respectively
(Table 2). For the urethra, its distal segment experienced the
largest magnitude of anterior/posterior deviation (3.6+3.7 mm)
followed by the proximal segment (2.1 +2.8 mm). The vagina
was displaced posteriorly along the anterior/posterior axis
(0.046.1, millimeters, distal; 3.5+5.2 mm posterior, middle;
and 2.4+5.1 mm posterior, proximal). The proximal segment
of the rectum was displaced the most of the three rectal seg-
ments (3.8+5.3 mm, anterior) followed by the distal segment
(2.0+3.6 mm, anterior). Figure 2 shows an overlay of the sur-
faces of the shape from both MRI and ultrasound.

Pelvic floor comparison

For each subject, the trace defining the midline of the levator
plate in the mid-sagittal plane was more anterior for ultra-
sound compared to MRI. On average, across the entire length
of the trace, the ultrasound segmentation was 8.0+2.9 mm

Table 2 Summarization of the difference in centroid location of the ultrasound relative to MRI.

Left/right difference Anterior/posterior difference Inferior/superior difference Total dfference
(mm, direction) (mm, direction) (mm, direction) magnitude
(mm)
Urethral centroid Distal 1.5+1.2, left 3.6+ 3.7, anterior 0.3+1.7, inferior 6.1+3.5
Middle 1.2+1.2, left 2.0+2.2, anterior 0.0£2.1 51+24
Proximal 1.2+1.6, left 2.1+2.8, anterior 0.3 +2.7, superior 6.7+2.6
Vaginal centroid Distal 0.8+3.4, left 0.0+6.1 0.3+1.1, inferior 6.2+3.1
Middle 0.2+3.8, left 3.5+5.2, posterior 0.5+1.2, inferior 6.2+4.0
Proximal 1.0+4.4, right 2.4+5.1, posterior 0.8 +1.8, inferior 6.4+3.7
Rectal centroid Distal 0.3+3.1, right 2.0+3.6, anterior 3.1+3.9, superior 8.3+3.9
Middle 0.7 +2.3, right 1.0+3.6, anterior 1.3 +2.6 superior 7.6+3.1
Proximal 1.0+3.3, right 3.8+5.3, anterior 0.6 +2.0, inferior 8.2+4.5

Each organ was split into equal thirds based on the length of the long axis of the organ. These data include the average distance and direction of
the centroid of each section. Left=ultrasound is closer to the left pelvic sidewall than MRI, anterior =ultrasound is closer to the pubic symphy-
sis than MRI and, inferior = ultrasound is closer to the perineal body than MRI

@ Springer
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Fig.3 Colormap illustrat-

ing the differences between

the volumes segmented via
MRI (solid) and ultrasound
(wireframe). The colormap on
the solid MRI shape represents
the distance between the two
surfaces (red = further distance,
green=smaller distance).
Frames are as follows in the
format organ, view. A Urethra,
sagittal; B urethra, front; C Rec-
tum, sagittal; D Rectum, front;
E Levators, sagittal; F Levators,
front
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anterior. The most deviation was observed in the distal seg-
ment of the pelvic floor (10.8 £ 6.1 mm). On average, the
middle and proximal segments were shifted anteriorly by
approximately the same amount (6.7 +3.6, middle; 6.7 + 4.4,
proximal). Differences are summarized in Table 3.

Discussion

While it has often been assumed that placing a probe in
the vagina probably distorts the anatomy, this study quanti-
fied the distortion and displacement of the pelvic viscera
and levator muscles in nulliparous, asymptomatic controls.
It showed that endovaginal ultrasound was associated with
a slight shift of the urethra and rectum (~2-3 mm) toward
the pubic symphysis. The shift was more prominent for the
distal portion of urethra and proximal portion of rectum. The
fact that the rectum shifted anteriorly was unexpected, since
the volume of the vagina that is occupied by the probe would
be more likely to result in a posterior shift. However, it was
also noted that the levator ani muscles were closer to pubic
bone in the midsagittal plane, by ~8 mm, when visualized
via ultrasound compared to MRI. Thus, there appears to be
two contributing factors to the distortions and displacements
of the pelvic viscera in this study: 1) the probe in the vagina,
and 2) a change in muscle tone between the two modalities.

Understanding the effect of the endovaginal probe on pel-
vic viscera displacement is a point that must be considered
when utilizing endovaginal ultrasound. The current study
showed that probe effect is consistent with a minimal ante-
rior (toward pubic bone) displacement of pelvic organs that
enhances the reliability of this cheap, practical, and office-
based imaging modality compared to pelvic MRI.

The volumes of the urethra and rectum were intended to be
used as a check to ensure the same portions of the organs were
captured by both modalities. Indeed, the volumes were similar
for the urethra. However, the volume of the rectum was signif-
icantly larger on MRI even after exclusion of regions outside
of the ultrasound’s FOV. There could be multiple reasons for
this finding. One of the most likely is that the rectum must
store contents while the urethra does not, making the volume
of the rectum more variable than the urethra. Another poten-
tial explanation is that some of the rectal tissue was pushed

superiorly, above the ultrasound’s field of view. This limita-
tion likely did not affect the urethra as it is a smaller organ and
has the weight of the bladder resisting the upward force of the
probe and potential contraction of the levators.

The anterior motion that we observed is consistent with
prior literature, that has shown a trend of measurements of
hiatal area on ultrasound being smaller than the same meas-
ures taken on MRI in asymptomatic, nulliparous volunteers
[24-26]. However, there are potentially confounding variables
that are related to patient position between the two modalities.
While our imaging positions were similar (dorsal lithotomy
and supine), there are studies that have shown a significant
difference in measures of the bladder neck taken on ultra-
sound between the two positions [27]. These differences were
reported to be largest at rest, which is the state in which all of
the analyses for this study were conducted [27, 28].

A major limitation of this study was that the vaginal geom-
etry could not be segmented reliably via ultrasound. Rather,
a proxy (i.e., the probe’s midline) was used for comparisons
to measures in MRI, which were based on the vaginal geom-
etry. This probably explains why the vagina in ultrasound was
observed to shift posteriorly when all other organs and mus-
cle were observed to do the opposite. Thus, it remains unclear
if the probe’s midline is a good proxy for the vagina or not.
Another major limitation of this study was its small sample size
(n=19). Additionally, this study only included patients who
were asymptomatic and nulliparous. Future studies may look to
include symptomatic patients with stress urinary incontinence
and/or pelvic organ prolapse, as both of these conditions have
been associated with changes in pelvic organ support. A final
potential source of bias in this study is volume alignment as this
may directly affect the outcome measures of the study. How-
ever, because all of the alignment was based on the curvature of
pubic bone, a structure that should not be different regardless of
patient position, this potential bias was minimized. Future work
should aim to include attempts to correlate measures that can
be conducted on ultrasound with the amount of organ displace-
ment seen in this study. Once this is achieved, more specific
clinical implications may be determined.

In conclusion, we quantified the effect of the insertion
of the endovaginal ultrasound probe on the pelvic organs
by comparing the same organs on MRI. This study directly
quantified this difference using methodologies that to our

Table 3 Levator midline deviation split into thirds along the long axis of the muscle group (rows). The table reports the average, minimum, and

maximum deviation of the line (columns)

Average (mm)

Minimum (mm) Maximum (mm)

Levator sagittal midline trace dif-  Distal 10.8+6.1
ference

Middle 6.7+3.6

Proximal 6.7+4.4

6.3+5.6 154+7.1
34+34 10.2+3.9
34+39 104 +£5.1

@ Springer
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knowledge have not been used before. These findings enable
for a better understanding of how various pelvic floor imaging
techniques relate to one another. We believe this to be a prom-
ising first step that enables us to better understand the poten-
tial of endovaginal ultrasound, allowing for better interpreta-
tion of clinical and research findings based on this modality.
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