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Abstract
Background—Inter-observer variability limits the reproducibility of pelvic floor motion
measured by magnetic resonance imaging (MRI). Our aim was to develop a semi-automated
program measuring pelvic floor motion in a reproducible and refined manner.

Methods—Pelvic floor anatomy and motion during voluntary contraction (squeeze) and rectal
evacuation were assessed by MRI in 64 women with fecal incontinence (FI) and 64 age-matched
controls. A radiologist measured anorectal angles and anorectal junction motion. A semi-
automated program did the same and also dissected anorectal motion into perpendicular vectors
representing the puborectalis and other pelvic floor muscles, assessed the pubococcygeal angle,
and evaluated pelvic rotation.

Key Results—Manual and semi-automated measurements of anorectal junction motion (r =
0.70; p < 0.0001) during squeeze and evacuation were correlated, as were anorectal angles at rest,
squeeze, and evacuation; angle change during squeeze or evacuation were less so. Semi-automated
measurements of anorectal and pelvic bony motion were also reproducible within subjects. During
squeeze, puborectalis injury was associated (p ≤ 0.01) with smaller puborectalis but not pelvic
floor motion vectors, reflecting impaired puborectalis function. The pubococcygeal angle,
reflecting posterior pelvic floor motion, was smaller during squeeze and larger during evacuation.
However, pubococcygeal angles and pelvic rotation during squeeze and evacuation did not differ
significantly between FI and controls.

Conclusion & Inferences—This semi-automated program provides a reproducible, efficient
and refined analysis of pelvic floor motion by MRI. Puborectalis injury is independently
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associated with impaired motion of puborectalis, not other pelvic floor muscles in controls and
women with FI.

Keywords
Anorectal; defecography; fecal incontinence; magnetic resonance imaging; pelvic floor;
puborectalis

The anal sphincters and pelvic floor muscles preserve fecal continence and participate in
defecation (1). By visualizing structural (e.g., rectocele) and functional (e.g., impaired anal
relaxation) disturbances, barium defecography and magnetic resonance imaging (MRI)
facilitate the diagnosis of defecatory disorders, particularly when anal manometry and a
rectal balloon expulsion test are inconclusive (2-6). MRI also reveals puborectalis atrophy
and impaired pelvic floor contraction in some women with fecal incontinence (FI) (7-9).

However, the clinical utility of barium defecography and MRI is limited by variable
reproducibility of these assessments. For example, in one study, inter-observer agreement
was good for identifying enteroceles and rectoceles but suboptimal for identifying
intussusception, anismus, or the puborectalis impression by barium defecography (10).
Moreover, for some measurements, agreement was much better for experienced observers
(10). The American Gastroenterological Association technical review concluded that “there
is poor agreement between independent observers in the measurement of the anorectal angle,
a parameter thought to be critical to the interpretation of defecography results” (11). This is
partly attributable to lack of a standardized definition for the rectal axis, which forms one
aspect of the anorectal angle and can be drawn through the anterior, middle or posterior
rectal wall. Moreover, the rectum is curvilinear, and the puborectalis indentation on the
posterior rectal wall is variable. Hence, even minor differences in the orientation of the
rectal axis can profoundly affect the anorectal angle. Lastly, the bony landmarks (e.g., pubic
symphysis, coccyx) which are used to measure perineal descent may not be visible during
barium defecography but are distinctly visualized on MR images (12). Nonetheless, and
despite centralized training, a NIH-sponsored multi-institutional study concluded that
“measurement variability adversely affects the utility of many MRI measurements for
multicenter pelvic floor disorder research,” although agreement was better for bony than
pelvic soft-tissue measurements during dynamic pelvic MRI (13). By contrast, we
documented substantial inter-observer agreement for anorectal angles and the anorectal
location at rest, during squeeze and evacuation measured by MRI in asymptomatic women
and women with defecatory disorders; however, differences between observers were
statistically significant (12).

While most attention has focused on anorectal motion and the puborectalis, the coccyx also
moves during pelvic floor contraction and rectal evacuation (14). The coccygei, which have
a variable proportion of muscle and fibrous tissue, may pull forward and support the coccyx,
after it has been pressed backwards, during defecation or parturition (14-16). With the
levatores ani and piriforms, they close the posterior part of the pelvic outlet. Previous studies
have evaluated the relationship of coccygeal mobility to age, sex, parity, and minor trauma
but not to fecal incontinence. It is conceivable that coccygeal weakness may contribute to
pelvic weakness in FI.

Hence, the aims of this study were to (i) to develop a user-friendly semi-automated program
to measure anorectal motion by defecography; (ii) evaluate the within-subject
reproducibility of anorectal motion measured by this semi-automated program; (iii) to
compare measurements of anorectal motion by a radiologist and a semi-automated program;
and (iv) compare anorectal motion disturbances in women with and without FI. A more
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robust and refined approach to measure pelvic floor motion by MR defecography may
enhance the utility of this technique in clinical practice and research studies.

MATERIALS AND METHODS
Identification of Cases and Controls

This case-control study was conducted in Olmsted County, Minnesota and approved by the
Institutional Review Boards at Olmsted Medical Center and Mayo Clinic. As detailed
previously (17), a random sample of 5300 Olmsted County women (including 84 nursing
home residents), stratified by age (10-year intervals between 20-29 and 80+ years), was
drawn from a sampling frame consisting of the unique residents seen at least once during the
10-year period, 1992-2002. A questionnaire-based study on the prevalence and risk factors
for FI was conducted among 2800 of 5300 respondents, of whom 507 had FI as defined by
accidental leakage of liquid or solid stool unrelated to a short-term, self-limited, diarrheal
illness in the past year (18-20). Subsequently, 176 Olmsted County women with and 176
age-matched (± 5 years) women without FI participated in a nested case-control study
evaluating the antecedent risk factors for FI (21). Cases did, while controls did not, have FI
unrelated to a temporary diarrheal illness over the past year, nor did cases have organic
diseases (e.g., neurological disorders, inflammatory bowel disease) known to be associated
with FI. From this group, 68 cases and 68 matched controls agreed to have MR imaging to
assess anal sphincter and pelvic floor anatomy and pelvic floor motion; the semi-automated
analysis described herein was possible in 64 matched pairs.

Anorectal and Pelvic MR Imaging
The anal sphincters were imaged by a disposable endorectal colon coil (MRInnervu®,
Medrad, Inc., Indianola, PA, USA) prior to dynamic MR defecography (7, 22). After
removing the endoanal coil, dynamic MR defecography was performed by an interactive
single-shot, fast spin-echo (SSFSE) imaging technique after placing 120 cc of ultrasound gel
into the rectum and a four-element phased-array coil around the pelvis (7, 22, 23). Images
were acquired in the supine position with a field of view of 24 to 32 cm, slice thickness of 5
mm, TR (repetition time) of 1400 to 2000 ms, TE (echo time) of 90 ms, and a matrix size of
256 × 160 (NEX 0.5). An oblique sagittal plane bisecting the anorectum was defined by
selecting three points from axial images during real-time imaging. Images were acquired
every 1.4 to 2 seconds during rest, squeeze and rectal evacuation. Using real-time image
reconstruction, we monitored the exam, ensured performance of desired maneuvers, and
instructed or encouraged patients.

Anorectal motion was measured manually by an experienced radiologist [JF], who measured
the perpendicular distance of the anorectal junction from the pubococcygeal line and the
anorectal angle at rest, during squeeze, and rectal evacuation. The perpendicular distance of
the vesicourethral junction and bladder base from the pubococcygeal line was also
measured. Separately, a trained physician (JN) used the custom-made semi-automated
program, used for the first time in this study, which runs on a Windows PC, to record these
measurements as well as bladder excursion during evacuation. This process comprises 2
steps: First, similar to the process employed by a radiologist, the landmarks necessary to
measure anorectal and pelvic floor motion (i.e., anorectal junction and angle, upper and
lower border of pubic symphysis, sacral promontory, and sacrococcygeal junction) are
identified on images by the user (Figure 1). While images were acquired in real-time (i.e.,
every 1.2-2 seconds) during rectal evacuation and pelvic floor contraction (squeeze),
measurements were only made on images at rest, maximum anorectal excursion from rest
during squeeze, and maximum anorectal excursion during evacuation. Thereafter, the
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program then calculates distances and angles between sets of points over a time sequence of
images. Results are tabulated in a spreadsheet.

In addition to the measurements specified above, the program also identifies (i) vectors
connecting the anorectal junction at rest to the junction during (maximum) squeeze and
separately during (maximum) evacuation; (ii) the vector components of these two anorectal
motion vectors in a specific coordinate frame (the puborectalis motion vector, along a line
which connects the anorectal junction at rest to the pubic symphysis, and the pelvic floor
motion vector, which is perpendicular to the puborectalis motion vector. The puborectalis
and pelvic floor motion vectors represent the action of the puborectalis muscle and other
components of the levator ani muscle, respectively); (iii) pubococcygeal angle (Figure 2), as
defined by the lower border of pubic symphysis, sacrococcygeal junction, and tip of coccyx,
which measures posterior pelvic floor motion; and (iv) rotation of the bony pelvis during
pelvic floor contraction by measuring rotation of the lines connecting the upper border of the
pubic symphysis to the sacral promontory (i.e., anteroposterior conjugate) and to the
sacrococcygeal junction (i.e., pubococcygeal line). Likewise, rotation of lines connecting the
lower border of the pubic symphysis with the sacral promontory (obstetric conjugate) and
the sacrococcygeal junction (anteroposterior outlet) was also measured.

Eighty six of 127 subjects contracted their pelvic floor muscles twice during dynamic
imaging, permitting within-subject reproducibility to be assessed. However, within-subject
reproducibility could not be assessed during evacuation because a majority of ultrasound gel
was evacuated from the rectum at the first attempt in most patients.

Statistical Analysis
Univariate and multiple variable analyses (i.e., conditional logistic regression models) were
used to assess whether structural and functional abnormalities could discriminate between
cases and controls. The multiple variable model included age, body mass index (BMI),
disease status (i.e., FI or control), and puborectalis injury as defined previously (24).
Separate multiple variable models also incorporating age and BMI were used to identify
differences in bony pelvic rotation between cases and controls. The concordance between
measurements of anorectal and pelvic floor motion during squeeze within subjects was
assessed by Lin’s concordance statistic (the concordance correlation coefficient) (25).
Within-subject comparisons of anorectal and pelvic floor motion measurements were based
on the paired t-test or Wilcoxon rank sum test, as warranted.

RESULTS
Demographic Characteristics and Clinical Features

The demographics, clinical features, findings of MR imaging (endoanal imaging and manual
analysis of anorectal motion) have been published previously (24). By design, the age
distribution was similar in 64 cases (Mean ± SEM, 57 ± 2 years) and 64 controls (57 ± 2
years), but BMI was higher (p < 0.001) in cases (30.1 ± 0.9 kg/m2) than controls (25.5 ± 0.8
kg/m2). Twenty cases but only 1 control (p < 0.001) had functional diarrhea. Stress urinary
incontinence (35 cases, 15 controls) and a cholecystectomy (16 cases, 1 control) were more
common (p < 0.001) in cases. Other factors (i.e., obstetric anal sphincter injury,
hysterectomy) did not differ significantly between cases and controls.

The duration of FI was 1 to < 5 years in 19 cases (30%), 5 to < 10 years in 17 (27%), 10 to <
15 years in 13 (20%), 15 to < 20 years in 4 (6%), and 20 years or longer in 11 FI patients
(17%). Based on the Fecal Incontinence and Constipation Assessment (FICA), (19, 26) the
overall severity of FI was mild (17 women [27%]), moderate (44 women [69%]) or severe
(3 women [5%]) (21).
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Anal Sphincter and Puborectalis Injury
Internal (p = 0.001) and external (p = 0.003) anal sphincter injuries were significantly more
common in cases than in controls. Internal sphincter disturbances included mild focal
thinning (3 cases, 0 controls), a tear or scar (15 cases, 0 controls), or atrophy (1 case, 3
controls). External sphincter disturbances included a tear or scar (9 cases, 0 controls) or
atrophy (6 cases, 3 controls). While puborectalis abnormalities were also more common in
cases, differences from controls were not statistically significant. Puborectalis abnormalities
included mild asymmetry (2 cases, 0 controls) and unilateral (7 cases, 3 controls) or bilateral
atrophy (3 cases, 5 controls).

Comparison of Anorectal and Pelvic Floor Motion by Semi-Automated Method in FI and
Controls

The anorectal junction was located 2.8 ± 0.1 cm below the pubococcygeal line in controls
and similarly located in cases (Table 1). During squeeze, the anorectal junction moved
toward the pubococcygeal line (e.g., by −1.3 ± 0.1 cm in controls). During evacuation, the
anorectal junction moved away from this line (e.g., by +3.2 ± 0.2 cm in controls). Figure 2
shows the components (puborectalis and other pelvic floor motion vector) of the anorectal
motion vector. Both vectors were greater (p < 0.0001) during evacuation than during
squeeze.

During pelvic floor contraction, the pubococcygeal angle was more (p = 0.0001) acute (−5.5
± 1.2° [FI], −5.3 ± 1.2 [controls]) than at rest. During evacuation, this angle was more (p =
0.0001) obtuse (+9.3 + 1.5 [cases], +10.7 + 1.4° [controls]). None of these measurements
was significantly different between cases and controls.

Comparison of Anorectal Motion and Angle Change Measured by Semi-Automated and
Manual Analysis

Table 1 also provides corresponding measurements made by a radiologist, which have been
presented in detail elsewhere (24). For parameters which were measured by both methods
(i.e., by a radiologist and by the semi-automated method), manual and semi-automated
values were comparable. Thus, measurements of anorectal junction motion by both
techniques were correlated during squeeze (r = 0.80; p < 0.0001) and evacuation (r = 0.70; p
< 0.0001); these correlations were also similar in both cases and controls (data not shown).
Anorectal junction motion assessed manually was also correlated with the puborectalis
motion vector (r = 0.73, p < 0.0001 during squeeze and r = 0.47, p = 0.001 during
evacuation) and the pelvic floor motion vector (r = 0.72; p < 0.0001 during squeeze and r =
0.68, p < 0.0001 during evacuation) as computed by semi-automated analysis. Both
correlations were again similar in cases and controls (data not shown).

Anorectal angles measured by manual and semi-automated techniques at rest (r = 0.65; p <
0.0001), squeeze (r = 0.52; p < 0.0001), and evacuation (r = 0.33; p = 0.0002) were
correlated. However, while the anorectal angle change during evacuation (r = 0.21; p = 0.02)
was correlated, the angle change during squeeze was not.

The anorectal angle change measured manually was also correlated with pelvic floor (r =
0.34; p = 0.0002) and puborectalis (r = 0. 29; p < 0.002) motion vectors among all subjects.
However, these correlations were significant in cases (i.e., pelvic floor motion vector [r =
0.37; p = 0.003] and puborectalis motion vector [r = 0.25; p = 0.046]) but not in controls.

Manual and semi-automated measurements of the location of the bladder base and
vesicourethral junction at rest were also correlated (r = 0.55; p < 0.0001) across all subjects.
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Relationship between Puborectalis Injury and Anorectal Motion
While anorectal motion during squeeze did not differ between cases and controls,
puborectalis injury was associated with reduced anorectal motion during squeeze (Figure 3).
During squeeze, puborectalis injury (e.g., asymmetry or atrophy) explained (p ≤ 0.01) 7% of
the variation in anorectal motion and 5% of the variation in the magnitude of the
puborectalis motion vector among subjects after adjusting for age and BMI. However,
puborectalis injury did not explain inter-subject variation in the other pelvic floor motion
vector during squeeze or inter-subject variation in any vectors (i.e., anorectal motion,
puborectalis, other pelvic floor) during evacuation.

Intra-individual Reproducibility of Anorectal and Pelvic Floor Motion during Squeeze
The intra-individual reproducibility of pelvic motion during voluntary contraction (i.e.,
squeeze) was assessed in 86 subjects who contracted their pelvic floor muscles twice during
a maneuver. During contraction, measurements of overall anorectal motion, puborectalis and
pelvic floor motion vectors were very reproducible (Table 2). However, the pubococcygeal
angle change during voluntary contraction was less reproducible.

Relationship between Anorectal Location at Rest and Motion during Evacuation and
Squeeze

Anorectal motion during evacuation was related to the location of the anorectal junction at
rest. When the anorectal junction was higher at rest, evacuation was accompanied by a
longer (r = −0.37; p < 0.0001) pelvic floor motion vector (Figure 4), but a shorter (r = 0.33;
p = 0.0002) puborectalis motion vector. In contrast, during squeeze, the puborectalis motion
vector was greater (r = −0.35; p < 0.0001) when the anorectal junction was lower at rest.
Similar correlations were observed separately in cases and controls (data not shown).

Comparison of Pelvic Bony Motion in Cases and Controls
The pubococcygeal line and anteroposterior outlet were identifiable in all subjects (Figure
5). However, the anteroposterior and obstetric conjugates could only be drawn when the
sacral promontory was visible (i.e., in 55 controls and 44 cases). After adjusting for age and
BMI, clockwise rotation of the of the bony pelvis as measured by the anteroposterior
conjugate (4.1 ± 0.7° [cases], 5.2 ± 1.2° [controls]), obstetric conjugate (4.6 ± 0.7° [cases],
4.0 ± 0.8° [controls]), pubococcygeal line (2.4 ± 0.7° [cases], 2.8 ± 0.7° [controls]), and
anteroposterior outlet (2.2 ± 0.8° [cases], 2.4 ± 0.8° [controls]) were not significantly
different between cases and controls.

DISCUSSION
These findings demonstrate that a new software program provides a semi-automated,
reproducible, efficient, and refined analysis of pelvic floor motion assessed by MR
defecography. In addition to the traditional measurements (i.e., anorectal motion and
anorectal angles), this semi-automated program can also analyze puborectalis and pelvic
floor motion vectors, the pubococcygeal angle, and pelvic rotation. These measurements
were validated by several approaches: First, intra-subject agreement was evaluated by
comparing anorectal motion during squeeze in 86 women who contracted their pelvic floor
muscles twice during the study. With one exception (i.e., pubococcygeal angle change
during squeeze), within-subject concordance correlation coefficients for pelvic floor motion
variables during squeeze were approximately 0.6 or higher, indicating substantial agreement.
The concordance correlation coefficient assesses both the accuracy and the precision of the
agreement between two quantitative measures, whereas the usual (Pearson) correlation
assesses just the precision of the agreement. Consistent with a previous study that evaluated
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inter-observer agreement (13), agreement between 2 pelvic floor contractions was somewhat
better for bone pelvimetry than for soft tissue measurements. This is not surprising since
subjects were asked to contract their pelvic floor muscles but not move the pelvis during
contraction. Hence, it is inevitable that pelvic floor and anorectal motion measurements are
more subject to variations in human effort between maneuvers between maneuvers than
bony pelvis motion. Also, bone contours are more distinct than soft tissue contours.
Concurrent validity was assessed by comparing manual and semi-automated measurements;
and this agreement was also substantial for anorectal junction motion during squeeze and
evacuation and for the anorectal angle at rest, squeeze and evacuation. However, concurrent
validity for the anorectal angle change during squeeze and evacuation was suboptimal,
perhaps because it is challenging to reproducibly define the rectal and anal boundaries of
this angle during these maneuvers (11). To overcome this limitation, the anorectal motion
vector was separated into its vector components, which were both significantly correlated
with the anorectal angle. Puborectalis injury was associated with a weaker puborectalis but
not with a weaker pelvic floor motion vector during pelvic floor contraction. This supports
the construct validity of the puborectalis motion vector. Together, these findings suggest that
the semi-automated measurement of anorectal motion and its component vectors may be
preferable to measuring the anorectal angle during defecography.

We previously observed that perineal descent during evacuation was more pronounced when
the anorectal junction was higher at rest in women with defecatory disorders (12). This study
confirms those observations in a different cohort; moreover, the pelvic floor motion vector
during evacuation was also greater when the anorectal junction was higher at rest. These
findings reinforce the need to consider the location of the anorectal junction and the pelvic
floor at rest when interpreting anorectal motion during maneuvers and pelvic organ prolapse.
To emphasize this point, an assessment of pelvic organ prolapse that is based only on
descent during evacuation or a Valsalva maneuver may underestimate pelvic laxity in
patients with a low pelvic floor at rest. Conversely, when the anorectal junction is higher
(i.e., located closer to the pubococcygeal line) at rest, the puborectalis motion vector during
evacuation and squeeze (i.e., contraction) is shorter. Perhaps this suggests that women with a
higher anorectal junction at rest have excellent pelvic floor support with a relatively taut
puborectalis muscle that permits less motion during contraction and relaxation.

The pubococcygeus muscle decussates in the midline and is attached to the coccyx by the
anococcygeal ligament (27). Consistent with a previous study (14), the pubococcygeal angle
was more acute during pelvic floor contraction and more obtuse during evacuation.
Narrowing of the pubococcygeal angle is attributable to the coccygeus, which pulls forward
and supports the coccyx. Conversely, the muscle relaxes together with other components of
the levator ani, contributing to widening of the anorectal angle and thereby enabling
evacuation. However, changes in the pubococcygeal angle and rotation of the bony pelvis,
which reflect activation of accessory pelvic floor muscles, was not significantly different
between women with and without FI.

In contrast to conventional fluoroscopy, dynamic MRI is generally performed in the supine
position. Some but not all comparative studies observed more pelvic organ prolapse and
perineal descent during fluoroscopy than dynamic MRI (28-30) (31). Among patients with
dyschezia, there was good correlation between these techniques for detecting rectoceles,
enteroceles, and perineal descent (32). This user friendly PC-based semi-automated program
can be installed on standard workstations and facilitate the assessment of motion by pelvic
MR imaging particularly in multi-center studies. While this initial study was focused on the
anorectum, the software can also be used for bone pelvimetry and should be adaptable to
measure rectocele and enterocele size and uterine descent. The current program measures
anorectal motion in two dimensions. However, since obstetric trauma can cause asymmetric
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injury to the levator ani, it may be advantageous to analyze motion in 3 dimensions (33).
Because the program relies upon two dimensional coordinates and clear identification of
bony landmarks on digitized images, it may be more challenging to analyze barium
defecography images.

In summary, these findings suggest that real-time images of anorectal motion by MR
defecography can be efficiently and accurately analyzed by a semi-automated technique,
which can dissect relative contributions of the puborectalis and other pelvic floor muscles to
anorectal motion. This semi-automated program should facilitate the analysis of pelvic floor
motion by MR defecography in clinical practice and research studies. While pelvic floor
motion overall was not significantly different between women with FI and age-matched
asymptomatic women, puborectalis injury was associated with impaired puborectalis
motion.
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Figure 1. User interface for semi-automated measurement program
After a series of DICOM images are loaded, any image from that series can be selected for
display in the window. In this example, the landmarks have been demarcated by an observer
(circles). Any measurement can be displayed by selecting tabs on the left side of screen.
Here, the anorectal angle at rest is shown.
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Figure 2. MRI images at rest, during squeeze, and evacuation in a healthy subject
Anorectal motion was assessed manually (i.e., by measuring anorectal angles, panels A-C)
and by the semi-automated program (panels D-F). Panel E depicts the anorectal motion
vector, which connects the anorectal junction at rest and squeeze (white arrow). This vector
is decomposed into the puborectalis (white dotted line) and pelvic floor (white solid line)
components. Panel F depicts the anorectal motion vector from rest to evacuation (white
arrow) and its vector components. Also observe that the pubococcygeal angle decreased
from 11° at rest to 8° during squeeze (panels D-E).
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Figure 3. MRI images at rest and during squeeze in a patient with fecal incontinence and
puborectalis injury
The anorectal motion vector from rest to squeeze (white arrow) is decomposed into
puborectalis motion vectors (white dotted line), which is very short, and the longer “other
pelvic floor muscle” vector. In this example, the “other pelvic floor muscle” vector
constitutes the main component of the anorectal motion vector. In contrast to the
asymptomatic subject, the pubococcygeal angle increased from 33° at rest to 40° during
squeeze. The anococcygeal ligament is indicated by arrows.
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Figure 4. Relationship between anorectal location at rest and motion during evacuation (left
panel) and squeeze (right panel)
When the anorectal junction was higher at rest (i.e., closer to pubococcygeal line), the pelvic
floor motion vector was longer during evacuation. In contrast, during squeeze, the
puborectalis motion vector was longer when the anorectal junction was lower (i.e., further
from the pubococcygeal line) at rest.
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Figure 5. Assessment of pelvic rotation by MRI
Left panel shows anteroposterior conjugate (1), obstetric conjugate (2), anteroposterior
outlet (3), and pubococcygeal line (4) at rest. During squeeze (right panel), observe pelvic
rotation as measured by the angle between anteroposterior conjugate and anteroposterior
outlet diameters at rest (dashed line) and (solid line) in a control subject.
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Table 1

Comparison of Anorectal Motion by Semi-Automated Method and by a Radiologist in Fecal Incontinence
Cases and Controls

Semi-Automated Assessmentsa Cases
(N = 64)

Controls
(N = 64)

Location of anorectal junction at rest (cm)c 2.7 ± 0.2 2.8 ± 0.1

Anorectal junction motion during squeeze (cm)d −1.3 ± 0.10 −1.4 ± 0.1

Anorectal junction motion during evacuation (cm)d 3.2 ± 0.2 3.2 ± 0.2

Pelvic floor motion component during squeeze (cm)e −1.0 ± 0.1 −1.0 ± 0.1

Pelvic floor motion component during evacuation (cm)e 2.6 ± 0.1 2.8 ± 0.1

Puborectalis motion component during squeeze (cm)f −0.8 ± 0.1 −0.9 ± 0.1

Puborectalis motion component during evacuation (cm)f 1.4 ± 0.1 1.6 ± 0.1

Anorectal angle at rest(°) 108 ± 2 108 ± 2

Anorectal angle change during squeeze (°) −26 ± 2 −29 ± 2

Anorectal angle change during evacuation (°) 12 ± 3 17 ± 3

Location of bladder base at rest c −1.1 ± 0.1 −1.1 ± 0.1

Bladder base motion during squeeze (cm)d −0.4 ± 0.05 −0.5 ± 0.06

Bladder base motion during evacuation (cm) d 3.0 ± 0.2 3.0 ± 0.2

Location of vesicourethral junction at rest c −1.1 ± 0.1 −0.9 ± 0.1

Vesicourethral motion during squeeze (cm) d −0.4 ± 0.05 −0.5 ± 0.06

Vesicourethral motion during evacuation (cm) d 2.9 ± 0.2 2.8 ± 0.2

Pubococcygeal angle at rest c 38 ± 1.8 33 ± 1.5

Pubococcygeal angle change during squeeze (°) −5.5 ± 1.2 −5.3 ± 1.2

Pubococcygeal angle change during evacuation (°) 9.3 ± 1.5 10.7 ± 1.4

Assessments by a Radiologist a

Location of anorectal junction at rest (cm) c 2.8 ± 0.2 2.5 ± 0.1

Anorectal junction motion during squeeze (cm) d −1.4 ± 0.2 −1.2 ± 0.1

Anorectal junction motion during evacuation (cm) d 2.6 ± 0.2 3.2 ± 0.2

Anorectal angle at rest (°) 101 ± 2 105 ± 2

Anorectal angle change during evacuation (°) 14 ± 3.2 19.6 ± 2.9

Anorectal angle change during squeeze (°) −24 ± 2.4 −32 ± 2.3

Location of bladder base at rest (cm) c 2.1 ± 0.2 1.4 ± 0.1

Location of vesicourethral junction at rest (cm) c 1.6 ± 0.1 1.4 ± 0.1

a
Distances are measured along the perpendicular line connecting the anorectal junction, bladder base or vesicourethral junction (as appropriate) to

the line between the lower border of the pubic symphysis and sacrococcygeal junction. Motion and angle changes are assessed as differences (Rest
–evacuation) and (Rest – squeeze)

b
p = 0.01 by paired t test
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c
Positive and negative values reflect location below and above pubococcygeal line respectively

d
Positive and negative values reflect movement of anorectal junction away from and toward pubococcygeal line respectively

e
Positive and negative values reflect motion downward and upward perpendicular to the line connecting the anorectal junction and the pubic

symphysis respectively

f
Positive and negative values reflect motion away from and towards pubic bone respectively
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Table 2

Within-Subject Reproducibility of Anorectal and Pelvic Floor Motion During Squeeze Assessed by Semi-
Automated Method

Measurements Maneuver 1 Maneuver 2 CCC (95% CI)*

Movement magnitude, Rest to squeeze 1.54 ± 0.09 1.57 ± 0.09 0.71 (0.60-0.82)

Puborectalis motion component, Rest to
squeeze (cm)

−0.95 ± 0.09 −0.93 ± 0.09 0.80 (0.73-0.88)

Pelvic floor motion component, Rest to
squeeze (cm)

−1.05 ± 0.07 −1.10 ± 0.06 0.60 (0.47-0.74)

Anorectal angle at rest (°) 107.3 ± 1.83 103.6 ± 1.76 0.80 (0.73-0.88)

Anorectal angle change during squeeze (°) −27.62 ± 1.73 −26.40 ± 1.70 0.79 (0.71-0.87)

Anorectal junction at rest (cm) a 2.73 ± 0.13 2.77 ± 0.13 0.85 (0.79-0.91)

Location of bladder base at rest (cm) a −1.13 ± 0.07 −1.12 ± 0.08 0.89 (0.85-0.93)

Bladder base motion during squeeze (cm) a −0.45 ± 0.05 −0.51 ± 0.05 0.71 (0.61-0.82)

Location of vesicourethral junction at rest

(cm) a
−1.11 ± 0.07 −1.11 ± 0.08 0.89 (0.85-0.94)

Vesicourethral motion during squeeze

(cm) a
−0.48 ± 0.05 −0.51 ± 0.05 0.68 (0.58-0.80)

Pubococcygeal angle at rest (°) 34.4 ± 1.4 34.9 ± 1.5 0.88 (0.84-0.93)

Pubococcygeal angle change, Rest to
squeeze (°)

−5.02 ± 1.07 −6.62 ± 1.10 0.57 (0.43-0.71)

Rotation of AP conjugate (°) −4.49 ± 0.88 −4.97 ±0.93 0.94 (0.92-0.96)

Rotation of obstetric conjugate (°) −4.02 ± 0.61 −3.96 ± 0.65 0.90 (0.86-0.94)

Rotation of anteroposterior outlet (°) −1.67 ± 6.3 −1.88 ± 0.69 0.90 (0.86-0.94)

Rotation of pubococcygeal outlet (°) −2.02 ± 0.56 −2.62 ± 0.62 0.90 (0.86-0.94)

Note – Within-subject reproducibility could only be evaluated during squeeze. During evacuation, ultrasound gel was evacuated between
maneuvers. Hence, reproducibility could not be assessed.

a
Distances are measured along the perpendicular line connecting the anorectal junction, bladder base or vesicourethral junction (as appropriate) to

the line between the lower border of the pubic symphysis and sacrococcygeal junction. Motion and angle changes are assessed as differences (Rest
–evacuation) and (Rest – squeeze) CCC – concordance correlation coefficient
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