
Vol.:(0123456789)1 3

International Urogynecology Journal (2023) 34:535–543 
https://doi.org/10.1007/s00192-022-05282-7

ORIGINAL ARTICLE

Quantifying the physiologic motions of the pelvic viscera 
during evacuation in nulligravid asymptomatic women

Liam C. Martin1 · Henry H. Chill2 · Megan R. Routzong1 · Steven D. Abramowitch1 · Ghazaleh Rostaminia2 

Received: 9 March 2022 / Accepted: 7 June 2022 / Published online: 6 July 2022 
© The International Urogynecological Association 2022

Abstract
Introduction and hypothesis Pelvic organ prolapse (POP) is often diagnosed during an in-office examination, which looks 
for motion of the vaginal wall while performing a strain maneuver. It is believed that the pelvic organs in adequately sup-
ported women are relatively stationary. This study was aimed at investigating the physiological displacements of pelvic 
organs using MR defecography.
Methods This prospective cohort study included 19 volunteers. Midsagittal slices representing rest and the maximum move-
ment of the posterior vaginal fornix during three maneuvers were identified. Normalized axes for analysis were defined as 
the x’ (line connecting the inferior–posterior-most point on the pubic symphysis to the anterior edge of the sacrococcygeal 
joint) and the y’ (line orthogonal to the x axis that passed through the sacral promontory). The positions of the posterior 
vaginal fornix, mid-vagina, bladder neck, anorectal junction, and hymen were recorded. These subjects were then analyzed 
using the current radiological grading system of POP to determine any overlap between asymptomatic subjects and diag-
nostic ranges of POP.
Results Evacuation caused the most motion in the landmarks. The majority of the motion of the landmarks was along the y 
axis. The posterior vaginal fornix experienced significant descent (125% of the initial distance) without much anterior–pos-
terior translation (7% of the initial distance) during defecation. All landmarks experienced similar trends.
Conclusions We have shown that there is significant rotational motion of the pelvic organs around the pubic bone in ade-
quately supported women. This motion when described using radiological grading is likely to be considered mild or moderate 
prolapse, which may contribute to overdiagnosis of POP.
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Introduction

Pelvic organ prolapse (POP) is a common clinical condi-
tion affecting millions of women worldwide [1, 2]. POP is 
associated with excessive motion of pelvic organs (toward 
the vaginal hymen and through the vaginal opening) with 
increases in intra-abdominal pressure. As such, symptomatic 
vaginal support has been defined as motion of the vaginal 
wall relative to the vaginal hymen while preforming a strain 
maneuver [3–5]. This belief has led to the overdiagnosis of 
POP when using some imaging modalities because pelvic 
organs actually have a larger range of motion during normal 
physiological events than was previously reported [6]. This 
motion may be missed during office vaginal examinations 
for two reasons:

1. Complete levator relaxation typically happens during 
evacuation
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2. The hymen moves along with other pelvic organs/vagi-
nal walls, which obscures the extent of mobility relative 
to static landmarks such as bones [6]

Our team previously used MRI of 12 women with ade-
quate support of the vaginal apex (as defined by POP-Q) 
to describe the motion of the vaginal apex relative to three 
clinically relevant landmarks (hymen, sacral promontory, 
and S4–S5 intervertebral disc) during strain and defeca-
tion [6]. This study showed that the vaginal apex is a highly 
mobile structure with significantly more movement being 
demonstrated during defecation compared with strain. These 
data were significant because they contradict the general per-
ception that the vaginal apex is relatively fixed within the 
pelvis of adequately supported women. In addition, these 
data showed that a strain maneuver underestimates the sig-
nificant amount of motion that this structure can undergo 
during everyday physiological activities, such as defecation. 
This prospective cohort study was aimed at building on our 
previous work by: 

1. Investigating the physiological displacements of pelvic 
organs

2. Establishing ranges of values for typical, asymptomatic 
motion of the pelvic organs in nulligravid women using 
MR defecography

 Assuming that there is a continuous transition from an 
asymptomatic to a symptomatic state that is reflected by the 
mobility of the pelvic organs, defining ranges of asympto-
matic pelvic motion will form an important baseline for early 
detection or prediction of POP. Additionally, comparing our 
findings of asymptomatic pelvic organ motion with the cur-
rent radiological grading system for POP could determine 
to what extent the current grading methods over- or under-
diagnose POP.

Materials and methods

We performed a prospective observational study including 
asymptomatic, nulliparous volunteers at our institution dur-
ing September to December 2020 with International Review 
Board approval (EH20-133). Subjects were recruited from 
within the NorthShore Health System and were all health 
care workers. All subjects underwent a comprehensive inter-
view by completing the Pelvic Floor Disability Index (PFDI-
20) questionnaire, a pelvic examination including the Pelvic 
Organ Prolapse Quantification (POP-Q) examination, and 
dynamic MR defecography. Women who had a score of zero 
on the PFDI-20 questionnaire and had a POP-Q stage of zero 
on examination were included in this study.

MR defecography technique

All subjects underwent MR imaging in the supine posi-
tion using a closed-configuration 1.5 T magnet and a Syn-
ergy body phased-array coil. As with routine dynamic 
pelvic floor MRI examinations performed at our institu-
tion, intravenous contrast medium was not used. No bowel 
preparation or intraluminal contrast material was admin-
istered. Subjects were instructed to empty their bladder 
3 h before the examination to result in a moderately full 
urinary bladder during MRI. Static multiplanar images of 
the pelvis were acquired for anatomical 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, 3,000 ms). The rectum was then filled with 
60 ml of ultrasound gel (1% Gd-DTPA-GEL-Mixture). 
Images were collected (1.5 Tesla MRI, Magnetom Sym-
phony; Siemens, Erlangen, Germany) with subjects in the 
supine position, with hips and knees bent at 45°. The 
pelvic floor was visualized in three planes (axial, coro-
nal, sagittal, T1 and T2) to find the appropriate sagit-
tal plane in which all relevant pelvic floor organs could 
be acquired during defecation. The sequence lasted 36 s 
at a frequency of one shot per 1.1 s (True Fast Imaging 
with Steady State Precession; TR: 1.8 ms, TE: 1.01 ms). 
Slice thickness was 6 mm (field of view: 300 mm x 270 
mm, image matrix: 256 x 256). During imaging, subjects 
were instructed via headphones to first relax and then 
to perform a squeeze maneuver as if they were trying to 
close the vaginal opening or to stop their urine stream. 
Next, subjects were instructed to perform a strain maneu-
ver. They were asked to bear down and relax the pelvic 
floor without emptying their rectum. Finally, they were 
asked to evacuate with the goal of emptying their rectum 
as completely as possible. The sequences were acquired 
digitally and analyzed.

MR defecography image analysis

All measurements, in both analyses, were conducted twice 
by the same researcher and the average of the two measure-
ments was used in calculations.

Measurements relative to bony landmarks

As a preprocessing step, all image series were stabilized in 
Blender (v. 2.8.0) to remove the effects of subject movement 
using the sacral promontory and the inferior–posterior-most 
point of the pubic symphysis as reference points. After sta-
bilization, measurements were conducted using HOROS (v. 
3.3.6). Midsagittal slices at rest (rest MRI) and showing the 
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most movement of the posterior vaginal fornix (PVF) dur-
ing evacuation (max evacuation), strain (max strain), and 
squeeze (max squeeze) were identified. In each instance, 
the coordinate system axes were defined using bony land-
marks. The x axis was defined as the line connecting the 
inferior–posterior-most point on the pubic symphysis to 
the anterior edge of the sacrococcygeal joint, and the y axis 
was defined as the line orthogonal to the x axis that passed 
through the sacral promontory. These points (pubic bone, 
sacrococcygeal joint, and sacral promontory) were chosen 
as landmarks for defining these axes because they are eas-
ily identifiable and do not translate or deform in response 
to increases in intra-abdominal pressure. Then, an x’ axis 
and the y’ axis were determined by scaling each individual 
subject’s x and y axes based on the distance between the 
inferior–posterior point on the pubic symphysis, the anterior 
edge of the sacrococcygeal joint, and the perpendicular dis-
tance between the x axis and the sacral promontory. This was 
done to reduce variation in the description of organ posi-
tion related to subject size. Finally, the y axis was translated 
to the pubic bone along the x axis, making the pubic bone 
the origin of this coordinate system (Fig. 1). The positions 
of the PVF (level 1 support), mid-vagina (level 2 support), 
bladder neck (level 2 support), the levator plate at the level 
of the anorectal junction (which will be referred to as the 
anorectal junction henceforth), and the hymen (level 3 sup-
port) were found and described with respect to the x’ and y’ 
axes (Fig. 1). Lines connecting the posterior vaginal fornix 
to the S4–S5 intravertebral disk–an approximation of the 

attachment of the uterosacral and sacrospinous ligament–and 
the sacral promontory–a common attachment point for sacral 
colpopexy–were also collected (Fig. 1). Each positional 
measure was broken into its x’ and y’ components. The aver-
age and standard deviation for each normalized measure was 
calculated for rest, evacuation, strain, and squeeze.

Current radiological grading system

The next step included implementing criteria used by radiol-
ogists to diagnose pelvic organ prolapse on the same images 
[7]. These criteria are used to classify pelvic organ prolapse 
into three categories of POP: small, moderate, and large 
(some measures were categorized by mild/moderate/severe 
prolapse, for clarity we translated all measures to small/mod-
erate/large). We analyzed the radiological scales to grade 
of cystocele, vaginal apex prolapse, anterior pouching of 
the rectum (anterior rectocele), hi–posterior-most point of 
the pubic symphysis to the last coccygeal joint. Cystocele 
and vaginal prolapse were measured as the distance between 
the PCL and the inferior–posterior-most point of the blad-
der and cervix respectively. Anterior pouching of the rec-
tum was measured as the amount of anterior outpouching 
from the expected anorectal wall, i.e., anterior outpouching 
relative to a line drawn through the anal canal [7]. Finally, 
the H-line (the line connecting the pubic symphysis to the 
posterior wall of the rectum at the level of the anorectal 
junction) and the M-line (the line orthogonal to the PCL 
that passes through the posterior end of the H-line) were 

Fig. 1  Measurement axes and landmarks of interest. The y axis has 
been shifted to the pubic bone, making point PB = (0, 0) for all meas-
ures. The x components are normalized to the length of the x axis, 
and the y’ components are normalized to the length of the orthogo-
nal line from the sacral promontory to the x axis. Thus, the value of 
x’ and y’ at the sacrococcygeal joint and sacral promontory are both 
1. a Measurements at rest with selected projections shown. b) Meas-

urements at maximum evacuation with selected projections shown. 
Anatomy of interest is highlighted in the following colors: gray pubic 
bone, yellow urethra, cyan vagina, red rectum, purple sacrum, pink 
coccyx. BN bladder neck, HY hymen, MV mid-vagina, PVF posterior 
vaginal fornix (vaginal apex), AR anorectal, SP sacral promontory, SB 
S4–S5 intravertebral disk
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measured and described hiatal enlargement and pelvic floor 
descent respectively. Figure 2 visualizes all of these meas-
urements on one participant’s midsagittal MRI. All measures 
were checked for normality using the Shapiro–Wilk test for 
normality in SPSS (released 2021, IBM SPSS Statistics for 
Macintosh, Version 28.0; IBM, Armonk, NY, USA). Using 
these data, an upper and lower bound of the asymptomatic 
cohort was calculated by adding and subtracting 1.96 stand-
ard deviations from the mean, which encompasses 95% of 
the population assuming a representative sample population 
and a normal distribution. The bound that trended toward 
increased POP severity, increased descent for cystocele and 
vaginal prolapse, and increased length for anterior pouching, 
H- and M-lines, were reported. Any measure found outside 
of these bounds would be expected to be tending toward 
symptomatic POP.

Results

Measurements relative to bony landmarks

Twenty women were recruited for the study. One of the subjects 
became pregnant during the study and thus was excluded. Of the 
19 (age: 29.7 ± 8.2 years, Body Mass Index (BMI): 24.3 ± 4.5 
kg/m2) remaining subjects, 14 (age: 30.5 ± 9.0 years, BMI: 23.7 
± 3.9 kg/m2) were able to complete evacuation, 18 (age: 29.9 
± 8.4 years, BMI: 24.5 ± 4.5 kg/m2) were able to strain, and 17 

(30.1 ± 8.6 years, BMI: 24.7 ± 4.5 kg/m2) were able to squeeze 
during the exam. Age and BMI were not statistically different 
between groups. Each of these 19 subjects were included in at 
least one group besides rest.

The range of motion for pelvic viscera with respect to the 
normalized coordinate system was quantified and is sum-
marized in Table 1. Evacuation caused the most motion in 
the landmarks, followed by strain, then by squeeze. On aver-
age, the majority of the motion of the landmarks was along 
the y’ axis. During evacuation and strain, most landmarks 
that started above the x’ axis (PVF, mid-vagina, and blad-
der neck) and descended below the x’ axis by the end of the 
maneuver. The only exception to this was the PVF during 
strain (Table 2, Fig. 3).

With respect to the evacuation maneuver, the PVF 
descended on average of 125% of its initial height along 
the y’ axis (toward the levator plate) while only shifting 
7% along the x’ axis (toward the pubic bone). The midvagi-
nal and bladder neck landmarks descended 213% and 192% 
along the y’ axis while only shifting 12% (towards the sac-
rococcygeal joint) and 6% (towards the pubic bone) along 
the x’ axis respectively. The anorectal junction and hymen 
both started below the x’ axis and displayed less motion than 
the other landmarks. Descent along the y’ axis was limited 
to 90% and 55% of their initial height and x’ translation was 
limited to 11% (toward the sacrococcygeal joint) and 27% 
(toward the pubic bone) respectively.

Fig. 2  Figure showing the measures used in the current radiologi-
cal grading scale, based on images that appear in del Salto et al. [7]. 
Some organs, bones, and reference landmarks are identified: blue 
bladder, gray pubic bone, purple sacrum, pink coccyx. PCL pubo-
coccygeal line, PIB posterior–inferior bladder border, PIC poste-
rior–inferior cervix, ATP rectal anterior pouching, AR levator plate at 
the level of the anorectal junction. a A white dotted line that passes 
through the anal canal was used as a reference for the expected mar-

gin of the anterior anorectal wall as defined in del Salto et  al. [7]. 
In light blue are the measures of anterior—length of descent of the 
PIB—and middle compartment—the PIC-most—descent. Addi-
tionally, the length of anterior pouching—ATP—was also shown 
(orange). b The length of the M- and H-lines (representative of pelvic 
organ descent and hiatal enlargement respectively) are drawn in gold, 
connecting the PCL and pubic bone to the AR
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Relative to the pubic symphysis, all pelvic viscera land-
marks rotated caudally, staying at approximately the same 
distance from the pubic symphysis while the angle with 
respect to the x’ axis decreased in value, becoming more 
negative for landmarks that started below the x’ axis (Fig. 3). 
Rotational motion was greatest in landmarks associated with 
level 1 and 2 support relative to level 3 support.

Measures of current radiological grading scale

The current radiological grading scales for POP were 
applied to 14 subjects (age: 30.5 ± 9.0 years, BMI: 23.7 ± 
3.9 kg/m2) who successfully evacuated during the exami-
nation [7]. All measurements passed the Shapiro–Wilk 
test for normality, with p values > 0.05. Table 3 reports 
the ranges of each of these grades from the literature and 

Table 1  Normalized component measures (x’, y’), total relative lengths, and angles (with respect to the pubococcygeal line) from rest to maxi-
mum evacuation

Measurements during the maneuvers were taken on the frame with the maximum motion of the PVF. All values are normalized to the size of the 
pelvis (x’ measures relative to the x axis, y’ relative to the y axis). Values are shown as average ± standard deviation. SP sacral promontory, PVF 
posterior vaginal fornix, SB S4S5 intravertebral disk, PS pubic symphysis

Rest Maximum evacuation

x' Component y' Component Total relative 
distance to PS

Angle with 
reference to x' 
axis (°)

x' Component y' component Total relative 
distance to PS

Angle with 
reference to x' 
axis (°)

PVF 0.69 ± 0.09 0.24 ± 0.08 0.74 ± 0.08 20 ± 6.9 0.65 ± 0.09 −0.06 ± 0.15 0.67 ± 0.08 −5.3 ± 13
Mid-vagina 0.25 ± 0.04 0.15 ± 0.05 0.3 ± 0.05 30.4 ± 7.2 0.28 ± 0.03 −0.17 ± 0.09 0.33 ± 0.07 −29.8 ± 12.2
Bladder neck 0.18 ± 0.05 0.13 ± 0.05 0.23 ± 0.04 38.6 ± 11.5 0.17 ± 0.04 −0.12 ± 0.07 0.22 ± 0.04 −34.2 ± 19.2
Anorectal 

junction
0.52 ± 0.06 −0.20 ± 0.05 0.56 ± 0.06 −21.1 ± 4.6 0.58 ± 0.07 −0.38 ± 0.08 0.69 ± 0.09 −33 ± 5.2

Hymen 0.11 ± 0.04 −0.20 ± 0.04 0.23 ± 0.04 −62.1 ± 8.7 0.08 ± 0.07 −0.31 ± 0.06 0.32 ± 0.06 −73.6 ± 9.2
Line connect-

ing SP to 
PVF

−0.12 ± 0.09 −0.76 ± 0.08 0.76 ± 0.08 −95.8 ± 9.7 −0.15 ± 0.13 −1.05 ± 0.15 1.07 ± 0.16 −97.8 ± 6.2

Line connect-
ing SB to 
PVF

−0.40 ± 0.08 0.05 ± 0.11 0.42 +0.08 −187.6 ± 14.7 −0.44 ± 0.09 −0.19 ± 0.16 0.5 ± 0.13 −159.3 ± 15.9

Table 2  Normalized component measures (x’, y’), total relative lengths, and angles (with respect to the pubococcygeal line) from maxium strain 
to maximum squeeze

Measurements during the maneuvers were taken on the frame with the maximum motion of the PVF. All values are normalized to the size of the 
pelvis (x’ measures relative to x axis, y’ relative to y axis). Values are shown as average ± standard deviation. SP sacral promontory, PVF poste-
rior vaginal fornix, SB S4S5 intravertebral disk, PS pubic symphysis

Maximum strain Maximum squeeze

x' Component y' Component Total relative 
distance to 
the PS

Angle with 
reference to 
the x' axis (°)

x' Component y' Component Total relative 
distance to PS

Angle with 
reference to the 
x' axis (°)

PVF 0.70 ± 0.08 0.09 ± 0.12 0.71 ± 0.09 6.8 ± 9.8 0.68 ± 0.06 0.2 ± 0.09 0.71 ± 0.05 16.3 ± 7.1
Mid-vagina 0.28 ± 0.04 −0.02 ± 0.11 0.3 ± 0.04 −4.1 ± 21.2 0.26 ± 0.04 0.18 ± 0.09 0.33 ± 0.03 33.9 ± 16.1
Bladder neck 0.22 ± 0.03 −0.01 ± 0.09 0.24 ± 0.04 −1.5 ± 22.6 0.19 ± 0.04 0.17 ± 0.08 0.27 ± 0.03 40.2 ± 18.4
Anorectal 

junction
0.49 ± 0.08 −0.25 ± 0.10 0.56 ± 0.1 −26.5 ± 8.8 0.45 ± 0.06 −0.11 ± 0.1 0.48 ± 0.07 −12.7 ± 11.3

Hymen 0.11 ± 0.05 −0.31 ± 0.06 0.11 ± 0.05 −71.2 ± 9.1 0.15 ± 0.03 −0.15 ± 0.15 0.25 ± 0.07 −48.5 ± 13.2
Line connect-

ing SP to 
PVF

−0.1 ± 0.14 −0.91 ± 0.12 0.93 ± 0.13 −98.5 ± 4.7 −0.12 ± 0.11 −0.8 ± 0.09 0.81 ± 0.09 −100 ± 5

Line connect-
ing SB to 
PVF

−0.41 ± 0.1 −0.06 ± 0.12 0.43 ± 0.1 −171.8 ± 16.1 −0.37 ± 0.22 0.05 ± 0.06 0.43 ± 0.08 −186.2 ± 7.8
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those same measurements conducted on our asymptomatic 
cohort of women. The table also reports the bound that is 
most likely to overlap with the current grading scale. All five 

of the measurements observed overlap between our asymp-
tomatic range and POP measures (Fig. 4), indicating that 
these women would have small to moderate prolapse for 

Fig. 3  Results of the measurements based on bony landmarks. The 
black dotted line in each frame is the x’ axis. Each landmark is placed 
at the angle with respect to the x’ plus/minus one standard deviation. 
The larger image shows measures with respect to level 3 support of 
the posterior vaginal fornix, and the anorectal junction. The smaller 
image in each frame shows the measures for level 1 (hymen), and 
level 2 support (bladder neck and mid-vagina). Frame a shows rest, 

frame b shows evacuation, frame c shows strain, and frame d shows 
squeeze. The shapes of each of the organs are not indicative of each 
of the in vivo organ shapes. PCL pubococcygeal line, PVF posterior 
vaginal fornix, PIB posterior–inferior bladder border, PIC posterior–
inferior cervix, ATP rectal anterior pouching, AR levator plate at the 
level of the anorectal junction, SP sacral promontory, SB S4S5 intra-
vertebral disk, BN bladder neck, MV mid-vagina, HY hymen

Table 3  Summary of the 
current radiological grading 
system and mean and 1.96 
standard deviations of cystocele, 
rectocele, vaginal apex, M-line, 
and H-line in centimeters

The asymptomatic boundary was calculated by adding or subtracting 1.96 standard deviations from the 
mean. Cystocele and vaginal apex are positional measures, anterior rectocele, H-line, and M-line are length 
measures

Current radiological grading 
system

Measures on asymptomatic 
cohort

Asymp-
tomatic 
boundary

Small Moderate Large n Mean ± 1.96 STD Length

Cystocele (cm) <3 3–6 >6 14 1.5 ± 1.7 3.2
Vaginal apex (cm) <3 3–6 >6 14 0.8 ± 2.5 3.3
Anterior rectocele (cm) <2 2–4 >4 14 2.0 ± 1.4 3.4
H-line (cm) 6–8 8–10 >10 14 5.7 ± 3.3 9.0
M-line (cm) 2–4 4–6 >6 14 2.9 ± 1.7 4.6
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most measures. Interestingly, the 95% range of this asympto-
matic cohort overlapped with the radiological grading scale 
for a large anterior rectocele, indicating that most of these 
women would be graded to have a moderate to large prolapse 
based on this measure.

Discussion

In this study, we described the physiological range and direc-
tion of motion of the pelvic organs in nulligravid, asymp-
tomatic women, at rest and during three maneuvers that 
increase intra-abdominal pressure. Dynamic movements of 
these structures were observed, especially for the evacuation 
maneuver. The large amount of movement contradicts the 
perception that the pelvic viscera undergoes only relatively 
small motions in adequately supported women, as shown in 
previous studies based on a strain maneuver. The movement 
that was seen in this cohort substantially overlapped with 
diagnostic ranges of POP based on radiological grading, 
supporting the notion that POP is likely overdiagnosed by 
the existing radiological grading system. Potential sources 
of this overdiagnosis are that the current diagnostic methods 

disregard the motion of the vaginal hymen, which should not 
be treated as a static reference point, and the misunderstand-
ing that only pathological organs experience large degrees 
of mobility.

The concept of pelvic organ mobility and its extent in 
a physiological setting has been a point of debate during 
the past decade. More recent studies have found that pel-
vic organs move a great deal during physiological events 
[8–10]. In one of these studies, Schreyer et al. showed sub-
stantial apical motion below the PCL during MR defecog-
raphy [8]. Similarly, in our previous study focusing on the 
vaginal apex in women with adequate support, we found 
extensive motion, especially during defecation [6]. Schawkat 
et al. showed a similar trend to that we observed, where 
asymptomatic patients showed excessive posterior compart-
ment descent [10]. Our current findings support this idea of 
displaying prominent motion of all pelvic organs (bladder, 
rectum, and vaginal apex), in asymptomatic women with 
no known pathological condition. This motion seems to be 
a crucial function of pelvic organ support enabling ample 
adaptation to change in intra-abdominal pressure.

Even in studies investigating the mobility of pelvic 
organs, there have been limited attempts at defining the 
asymptomatic range of motion of the pelvic viscera [6, 11, 

Fig. 4  Distributions of the current radiological grading scale for 
cystocele, vaginal prolapse, anterior rectocele, hiatal enlargement, 
and pelvic floor descent conducted on an asymptomatic cohort. The 
colors along the distribution represent the different levels of the cur-
rent grading scale (light blue small, blue moderate, dark blue large). 
The teal rectangles above each distribution show the mean (black 
vertical line) ± 1.96 standard deviations of the measures conducted 

on the asymptomatic cohort. All measurements are to scale. In some 
cases, the lower bound fell outside the range of the current grad-
ing scale and thus the full range was not shown. In cases where the 
range was cut off, the line is dashed. The mean of the range for hiatal 
enlargement fell outside the radiological grading scale; therefore, the 
range was extended to show the mean
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12]. In these studies, few used bony landmarks as a refer-
ence (which removes the effect of vaginal hymen motion) [6, 
11], whereas others only focused on symptomatic patients 
[13–15]. There has been some study of the dynamic motion 
of the bladder and rectum in asymptotic and symptomatic 
women [14, 15]. These studies were aimed at determining 
how motion correlated with POP symptom severity; how-
ever, they both used retrospective cohorts of women who 
had undergone a urogynecology examination for lower uri-
nary tract dysfunction and/or prolapse [14, 15]. The studies 
may have shown less motion than if they compared asymp-
tomatic and symptomatic patients [14, 15]. In addition, the 
study was limited to one maneuver (Valsalva), reducing the 
ability to quantify the full physiological range [16].

Pelvic floor support relies on suspensory ligaments 
located in the pelvic region. These ligaments are split into 
three levels of support, as described by DeLancey [17]. It 
has been hypothesized that laxity in any of these connective 
tissues and weakness of the levator ani muscles may lead to 
POP. Supportive connective tissues are often perceived to 
be limiting the motion of the pelvic organs [18]. However, 
these tissues must, at the same time, allow a certain degree 
of motion imperative for normal physiological function 
[19]. It seems that there is a point of equilibrium, which, on 
the one hand, restricts excessive motion, but, on the other, 
allows for normal physiology to occur. Our study showed 
that all three levels of support allow for rotational motion of 
vaginal apex, bladder neck, mid-vagina and hymen around 
pubic bone with level III showing the least degree of rota-
tion. However, this motion is not observed during a physical 
examination. Two possible explanations are that: 

1. Maximum mobility can be seen during evacuation, but 
not strain

2. POP-Q uses the hymen as a point of reference, but 
the hymen moves along with the organs; thus, relative 
motion is undermeasured

 Our measurement system removes the effect of this motion 
by conducting measurements based on fixed axes con-
structed using bony landmarks [20].

The major finding of our study was reporting a range of 
values for the POP radiological grading system and com-
paring the diagnostic ranges with an asymptomatic cohort. 
We believe lack of standardization in what constitutes 
asymptomatic pelvic motion contributes to misdiagnosis of 
POP, which may lead to unnecessary anxiety for patients, 
office visits, or even surgeries to treat pelvic organ prolapse 
[21]. The measures reported in this study are with respect 
to normalized coordinate axes (x’ and y’). This normali-
zation accounts, to some degree, for the size of patients, 
something that is not accounted for with current radiologi-
cal scales. It can be assumed that a larger pelvis may allow 

for greater asymptomatic pelvic organ descent; therefore, 
without normalization, a patient with a large pelvis who is 
adequately supported could be diagnosed with POP. Another 
potential issue with the current method of diagnosis is the 
use of deformable landmarks to make standardized measure-
ments. The PCL, as defined by the current radiological grad-
ing scale, uses points between the coccygeal vertebrae as a 
landmark. However, the coccyx is a highly mobile structure 
that moves in response to intra-abdominal pressure. Thus, 
its use as a landmark may contribute to inaccurate measure-
ments and grading; previous studies have shown the reli-
ability of using the PCL as a measurement [22].

This study was limited by the number of subjects that were 
able to successfully evacuate (n=14) during dynamic MRI and 
the overall number of subjects that were recruited (n=19). Future 
work will have to confirm these findings in a larger sample of 
women and researchers may wish to expand the upper age range 
to include the most common ages for POP diagnosis (60–69 
years) [7]. Including a wider range of ages will allow for a larger 
understanding of the physiological range of motion of the pelvic 
viscera throughout the lifespan. Another limitation was subject 
position, as all subjects underwent imaging while supine. How-
ever, data collected via dynamic MRI in the supine position are 
accepted as clinically relevant [10]. Although we hypothesize 
that women with POP would display more motion along the 
x’ axis (toward the genital hiatus); without the introduction of 
a symptomatic cohort, we are unable to confirm this theory. In 
future analyses, these groups will need to be accounted for and 
then, assuming a continuous transition from adequate support to 
inadequate support (asymptomatic to symptomatic), future stud-
ies on symptomatic cohorts would be able to fully define a con-
tinuum of measurements that may be more predictive of POP.

In conclusion, we have shown that there were large 
amounts of rotational motion of the pelvic organs around the 
pubic bone in adequately supported women. This includes 
all three levels of pelvic organ support. This motion, when 
described using radiological grading, is likely to be consid-
ered mild (cystocele, uterine prolapse, levator descent) or 
moderate (anterior rectocele) prolapse, which may contrib-
ute to patient anxiety, unnecessary urogynecology visits, and 
reconstructive surgeries.
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