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Bony Pelvis Dimensions in Women With and Without
Stress Urinary Incontinence
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Aims: To test the null hypothesis that bony pelvis dimensions are similar in women with and without stress urinary
incontinence (SUI), both in the postpartum and midlife periods. Methods: Secondary analyses were performed of two
case—control studies comparing women with SUT to asymptomatic controls. One study examined primiparas in the first
9-12 months postpartum; the other study involved middle-aged women. SUI was confirmed by full-bladder stress test.
All subjects underwent pelvic magnetic resonance imaging. The interspinous and intertuberous diameters, subpubic
angle, and sacrococcygeal joint-to-the inferior pubic point distance were measured from the images independently
by two authors. Results: In the young cohorts, we compared primiparas with de novo postpartum SUI to both conti-
nent primiparas and nulliparas. Postpartum SUI is associated with a wider subpubic angle. There is also a trend
towards wider interspinous and intertuberous diameters in the stress-incontinent primiparas as compared to the conti-
nent cohorts, although this did not reach statistical significance with our sample sizes. By contrast, no significant
differences in bony pelvis dimensions were identified when comparing middle-aged women with SUI and their conti-
nent controls. Conclusions: Bony pelvis dimensions are different in women with SUI than in matched continent con-
trols. However, these differences are only identified in young primiparas in the postpartum period, not in middle-aged
women. Neurourol. Urodynam. 32:37-42, 2013. © 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Urinary incontinence is a common disorder in women with
substantial financial and psychosocial consequences.® Stress
urinary incontinence (SUI) is the most common type of uri-
nary incontinence.? Demographic, morphometric, and urody-
namic characteristics have been associated with female SUI,
including age, parity, body mass index (BMI), support of the
bladder neck and/or urethra, levator ani injuries, and urethral
function.

One specific set of morphometric factors that has been cor-
related with urinary incontinence is bony pelvis dimensions.
Pelvic dimensions have long been recognized to impact me-
chanics of labor and delivery.> Two competing hypotheses
arising from these birth mechanics that might explain the
link between the bony pelvis and continence are: (1) the fetal
head may exit the vagina anteriorly in women with a wide
pelvis, resulting in urethral compression and damage, where-
as (2) a narrow pelvis drives the fetal head dorsally, resulting
in greater stretch of the levator ani. The overall effect of these
processes is unknown. Furthermore, parity and the mode of
childbirth appear to play diminishing roles in urinary conti-
nence over the course of women’s lifetimes.*

Several studies have demonstrated wider pelvic dimensions
in women with urinary incontinence than in continent con-
trols.>® While these studies are intriguing, they are limited by
a lack of demographic matching and/or the use of women
seeking healthcare for other reasons rather than healthy vol-
unteers as control subjects. Previous studies have demonstrat-
ed that demographic characteristics, such as race, may
critically affect pelvis shape, and size.”® The goal of this study
is to therefore test the null hypothesis that bony pelvis dimen-
sions are similar in women with stress incontinence and in
demographically matched continent controls. There is also ac-
cumulating evidence that the spectrum of factors associated
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with stress incontinence is different in women soon after
birth than in women presenting for care of SUI later in
life.>1° Therefore, we examined these differences both in the
postpartum and middle-aged periods in order to explore dif-
ferences in the pathophysiology of SUI during these life
periods.

MATERIALS AND METHODS

This is a secondary analysis of two institutional review
board-approved case—control studies comparing women with
SUI to demographically matched continent controls. From the
Promoting Effective Recovery after Labor II (PERL 2) study
(University of Michigan Institutional Review Board IRBMED
#1995-0477), we included three cohorts: (1) primiparas in the
first 9-12 months after vaginal delivery with persistent de
novo postpartum SUL (2) continent primiparas in the first
9-12 months postpartum after vaginal delivery, and (3) conti-
nent nulliparas. All three cohorts were group matched by age
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and race.’ In the Research on Stress Incontinence Etiology
(ROSE) study (IRBMED #2002-0636), the incontinent
cases were middle-aged women with daily SUI and the conti-
nent controls were recruited with group-matching to ensure
similar age, race, parity, and hysterectomy status.'® SUI was
confirmed for all cases in both studies by full-bladder stress
test.

Recruitment strategies were varied for the different studies.
In the PERL 2 study, eligible primiparous women were identi-
fied from delivery records and were sent a letter at 6 months
postpartum asking for their willingness to be contacted about
the study. Those women who expressed interest were then
called to further discuss the study, eligibility, and their partici-
pation. Healthy, asymptomatic nulliparous subjects were
recruited from the community via newspaper advertisements
and recruitment posters during the same time period. In the
ROSE study, stress incontinent women were recruited both
from clinics and from community advertisements. All of the
continent controls were healthy, asymptomatic volunteers
recruited from community advertisements.

All subjects underwent pelvic magnetic resonance imaging
(MRI). Full details of the MRI acquisitions have been previous-
ly published,®*°® but briefly, two-dimensional proton-density
images were obtained with an echo time of 15 msec and a
repetition time of 4 sec, using a 1.5 T superconducting magnet
(Signa; General Electric Medical Systems, Milwaukee, WI). Slice
thickness was 4 mm with a gap of 1 mm, yielding an image
spacing of 5 mm.

For each subject with digital MRIs available containing the
relevant pelvic landmarks, the interspinous diameter (Fig. 1a),
intertuberous diameter (Fig. 1b), subpubic angle (Fig. 1b), and
the length of the sacrococcygeal joint-to-the inferior pubic
point (SCIPP) distance®® (Fig. 1c) were measured independent-
ly by two authors (M.B.B. and SK.D.) using ImageJ 1.42q soft-
ware (National Institutes of Health, Bethesda, MD). The
average value of each measurement was used for final analy-
ses. The (x, y, z) coordinates of each of the following bony pel-
vis landmarks were collected from axial images where the z
coordinate represented the slice number taking into account
the fact that the slices had a 5 mm spacing: the infrapubic
point, the bilateral ischial tuberosities, and the bilateral ischial
spines. For the axial infrapubic point, we selected the midline
point at the inferior edge of the arcuate pubic ligament in the
first image with left-to-right continuity of the ligament while
scrolling through the images in a caudad-to-cephalad direc-
tion.** The ischial tuberosities were marked at the medial as-
pect of the periosteum at the medial tip of the insertion site of
the sacrotuberous ligament, selecting the first image in
which the insertion site appears when scrolling from a cepha-
lad-to-caudad direction. The ischial spines were similarly
marked at the medial aspect of the periosteum, using the im-
age with the most readily visualized insertion of the sacrospi-
nous ligaments. Distances were calculated between two sets
of coordinate points using the Pythagorean theorem. This
methodology, as opposed to directly measuring distances of
lines drawn on a particular MR slice, was used in order to ac-
count for the fact that the long axis of a subject is not always
perpendicular to the axial plane of an MR, and that a person’s
anatomy may be asymmetric. Measurements using (x, y, z)
coordinates and calculation of the distances between them
allows for the left and right anatomic points to be selected on
different MRI slices when anatomically appropriate. The sub-
pubic angle was defined as the angle between the two lines
generated by connecting the infrapubic point and the ischial
tuberosity points, and was calculated using the geometric law
of cosines.
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The SCIPP lengths were measured on bony mid-sagittal
images. For each subject, a line was drawn between the inferi-
or pubic point (at the posterior tip of the inferior surface of
the periosteum of the pubic symphysis) and the inferomedial
aspect of the periosteum of the sacrococcygeal joint. The dis-
tance of this line was calculated using ImageJ software.

A power calculation was based on data from MRI analysis
of subjects in the Pelvic Floor Disorders Network’s Childbirth
and Pelvic Symptoms (CAPS) study, in which it was previously
demonstrated that there was a significantly wider subpubic
angle (85.4 + 6.3° as compared to 83.0 + 7.1°) and longer
intertuberous diameter (124.5 4+ 8.7 mm vs. 121.0 & 9.9 mm)
in primiparas with postpartum urinary incontinence as com-
pared to those who remained continent (data presented as
mean + standard deviation).® Using these results and the
number of subjects from our studies available for the analyses
described in this article, we calculate that we have 56.3% pow-
er to detect a difference in the subpubic angle and 70.2% pow-
er to detect a difference in the length of the intertuberous
diameter in the primiparous PERL 2 subjects, with a 95% two-
sided confidence interval for each measurement. For the conti-
nent PERL 2 subjects, we have 57.9% power to detect a differ-
ence in the subpubic angle and 62.1% power to detect a
difference in the intertuberous diameter length. Based on the
available MRIs for analysis from the ROSE study, we similarly
have 73.3% power to detect differences in the subpubic angle
and 85.9% power to detect a difference in the intertuberous
diameter length, again using a 95% two-sided confidence in-
terval, in middle-aged subjects.

Comparisons were made using independent Student’s t-
tests, Mann—Whitney U-tests, or analysis of variance (ANOVA)
for continuous variables, and chi-squared or Fisher's exact
tests for categorical variables. Correlations were assessed with
the Pearson correlation coefficient. Normality of data was test-
ed using the Shapiro-Wilk test. PASW version 18.0 (IBM Cor-
poration, Armonk, NY) was used for statistical analyses, and
OpenEpi version 2.3.1** was used for power calculations. P val-
ues of <0.05 were considered statistically significant.

RESULTS

From the PERL 2 study, there were 67 primiparas with de
novo SUI, 73 continent primiparous controls and 73 continent
nulliparas from which pelvic MRIs with the relevant bony
landmarks visible were available. Demographics of these sub-
jects were similar, except the incontinent primiparas had a
higher BMI than either of the other cohorts (Table I). Compar-
isons between the individual groups allows for stratified eval-
uation of birth effects (by comparing the continent primiparas
to the nulliparas) and SUI effects (through comparison of
stress-incontinent primiparas to the continent primiparous
control cohort). There were no significant differences in demo-
graphics between the two continent control cohorts, whereas
the only significant difference identified in comparison of
the two primiparous cohorts was a higher average BMI in the
incontinent cohort (Table I).

In the ROSE study there were 101 middle-aged subjects
with daily SUI and 107 continent controls with appropriate
MRIs available. Demographics were similar in the two cohorts
from the ROSE study with the exception of significantly higher
average BMI in the women with SUI (Table II).

Inter-rater reliability was high for all bony pelvis measure-
ments. For the young subjects from the PERL 2 study, the Pear-
son correlation coefficients for bony dimensions ranged from
0.84 to 0.99. Similarly, the correlation coefficients for bony
pelvis measurements from the middle-aged subjects from the
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Fig. 1. a: Axial pelvic magnetic resonance image (MRI) illustrating the
interspinous diameter (solid double-headed arrow). b: Axial pelvic MRI
illustrating the intertuberous diameter (solid double-headed arrow) and
the subpubic angle (dashed lines). ¢: Sagittal pelvic MRI slice illustrating
the sacrococcygeal joint-to-the-inferior pubic point (SCIPP) line (solid
double-headed arrow).

ROSE study ranged from 0.88 to 0.99. P values for all correla-
tion coefficients were <0.001.

Analysis across all three cohorts from the PERL 2 study
shows that the subpubic angle is 2.3—3.0° wider in the stress-
incontinent primiparas than the continent primiparous and
nulliparous cohorts (Table III). Consideration of only the pri-
miparous cohorts (comparing continent with de novo stress-
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incontinent women) suggests that the subpubic angle is 2.3°
wider in primiparas with de novo SUI than in the continent
primiparas. There was a similar trend towards 2 mm longer
interspinous and intertuberous diameters in the urinary in-
continent primiparas, but these comparisons did not reach
statistical significance at the sample sizes afforded by the
PERL 2 study. There was no significant difference in the length
of the SCIPP line between the two cohorts. Comparisons be-
tween the continent primiparous and nulliparous cohorts
(to distinguish birth-associated variation) reveal no significant
differences in any of the bony pelvic dimensions examined
(Table III).

It was shown in the parent PERL 2 study that primiparous
incontinent women were twice as likely to have visible leva-
tor ani defects on MRI as the primiparous continent controls.’
We therefore compared the subpubic angle in primiparas
stratified by levator defect type (as previously described).**
We find no statistically significant differences in subpubic
angle comparing primiparas with normal muscles and primip-
aras with visible levator defects (data not shown).

Logistic regression was used to identify characteristics that
independently associate with the presence of SUI in the pri-
miparous PERL 2 subjects. We initially performed bivariate lo-
gistic regressions with stress incontinence as the dependent
variable and age, race, height, BMI, the presence of levator ani
defects, and the subpubic angle as independent variables.
The only characteristics that showed statistically significant
associations with SUI were BMI, the presence of levator ani
defects, and the subpubic angle. A multivariable model using
all of the listed variables (except height, as it has collinearity
with BMI) further showed the persistence of these character-
istics as statistically significant predictors of SUIL The odds
ratios (OR) and P values associated with each of these varia-
bles in the multivariable model are: BMI—OR 1.14/kg/m2,
P =0.001, levator ani defects—OR 4.00, P = 0.02, and subpu-
bic angle, OR 1.07 per degree, P = 0.001.

In contrast to our findings in young primiparas, we detected
no significant differences in bony pelvis dimensions between
the middle-aged subjects from the ROSE study with daily
stress incontinence or the continent control cohort (Table IV).

In order to test whether shape, along with absolute sizes,
may be associated with SUI, we compared the bony pelvis
length-to-width ratios (using the ratio of the interspinous di-
ameter to the SCIPP length) in both the PERL 2 and ROSE stud-
ies. No significant differences were identified in either study
when comparing the stress-incontinent cases to their respec-
tive continent controls, with P values ranging from 0.38 to
0.98.

DISCUSSION

The results of this study suggest that bony pelvis dimen-
sions are indeed different in women with stress incontinence
and in matched continent controls. However, these differences
are only identified in young primiparas in the postpartum pe-
riod. By contrast, pelvic dimensions are similar in middle-aged
women with and without daily SUL The subpubic angle is, on
average, 2.3° wider in stress-incontinent primiparas than in
those who are continent. We also see a trend in the interspi-
nous and intertuberous diameters measuring approximately
2% longer in the primiparas with SUI than in the primiparous
continent controls, although these comparisons did not reach
statistical significance. The results from the “birth”-related
analysis from the PERL 2 study (comparing the continent
primiparas to the continent nulliparous cohort) suggests that
the bony pelvis differences are associated with SUI, rather
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TABLE I. Demographics—Young Subjects From the PERL 2 Study

Nulliparous Primiparous Primiparous
continent continent incontinent P-value—comparison P-value—“birth” P-value—*sur”

Characteristic (NC; n = 73) (PC; n = 73) (PL; n = 67) across all three groups NC compared with PC PC compared with PI
Age (years) 299 £5.5 299 + 4.7 29.6 £5.6 0.75 0.44 0.77
Height (inches) 65.1 + 2.5 654 + 2.6 653 £ 2.8 0.80 0.49 0.82
BMI (kg/mz) 242 £ 40 23.6 £ 4.2 26.2 £5.8 0.004 0.36 0.003
Race 0.78 0.67 0.76

Caucasian 93.2 (68) 89.0 (65) 89.6 (60)

Afro-American 1.4 (1) 2.7 (2) 4.5 (3)

Other 5.5 (4) 8.2 (6) 6.0 (4)

Demographics of the primiparous stress-incontinent (PI), primiparous continent (PC), and nulliparous continent (NC) cohorts included from the parent PERL
2 study. Data are presented as mean =+ standard deviation or percentage (number of subjects). P values test the null hypothesis that demographic charac-
teristics are similar across all three cohorts, between primiparas with de novo SUI and their primiparous continent controls (incontinence-associated
relationships), or between continent primiparas and nulliparas (birth-associated relationships).

than reflecting changes due to pregnancy and/or vaginal
delivery.

There are two published studies comparing bony pelvis
dimensions in women with and without urinary inconti-
nence. Stav and colleagues used computed tomography (CT)
pelvimetry to compare pelvic morphometrics in women (who
were, on average, middle-aged) with urinary incontinence (in-
cluding urgency and mixed urinary incontinence) to those in
women undergoing pelvic CT for other clinical reasons.’
Handa et al.® used MRI pelvimetry obtained from women in-
volved in the supplementary CAPS study to compare bony pel-
vis dimensions of young primiparas with pelvic floor
disorders to those of asymptomatic women. In both of these
studies, women with urinary incontinence were noted to
have wider pelvic dimensions at a similar scale to the meas-
urements from our study. However, these studies were also
limited by several factors, including lack of demographic
matching of the incontinent cases to the continent controls,
the use of survey responses rather than physical examination
to diagnose urinary incontinence, and the control subjects in
Stav’s study were recruited from women having pelvic imag-
ing for clinical purposes, rather than being asymptomatic vol-
unteers. The data from our study support the findings of the
CAPS study, that is, de novo postpartum SUI is associated with
a wider pelvic outlet. By contrast, we do not replicate the

TABLE II. Demographics—Middle-Aged Subjects From the ROSE Study

Continent SUIL

Characteristic (n = 107) (n =101) P-value
Age (years) 47.8 £ 114 478 +£9.3 >0.99
Height (inches) 63.8 + 3.4 642 £ 22 0.25
BMI (kg/m?) 27.6 £ 5.6 303 £ 6.6 0.002
Parity 2.0 (1.0, 3.0) 2.0 (1.0, 3.0) 0.63
Hysterectomy 8.4 (9) 11.9 (12) 0.41
Race 0.76

Caucasian 94.4 (101) 92.1 (93)

Afro-American 2.8 (3) 3.0 (3)

Other 0.9 (1) 3.0 (3)

Demographics of middle-aged women with daily SUI and continent con-
trols included from the parent ROSE study. Data are presented as mean
+ standard deviation, median (interquartile range), or percentage (number
of subjects). P values test the null hypothesis that demographic character-
istics are similar between women with daily SUI and their continent
controls.
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findings of Stav and colleagues in older subjects. We hypothe-
size that the differences in bony pelvis dimensions identified
in Stav’s study stem from the use of unmatched study cohorts,
controls that had unspecified pelvic pathology, and/or the in-
clusion of women with urinary incontinence other than SUI,
and hence, to confounding factors.

It is currently unknown if there is any clinical relevance to
the differences identified in the bony pelvis dimensions mea-
sured in this study. It is, however, reassuring that the magni-
tude of these differences is similar to those seen in other
studies.>® Furthermore, the pelvis is not a set of two-dimen-
sional slices, but rather, a dynamic, three-dimensional space.
As such, small differences in one region may have a substan-
tial impact on the overall behavior of the pelvis. Additional
measurements and biomechanical investigations are needed
to quantify the overall effects of these morphologic
differences.

We find a higher average BMI in women with SUI as com-
pared to their controls, both in the young primiparous PERL 2
subjects and the middle-aged ROSE subjects. Similar results
were reported in the original analyses of these parent stud-
ies.?1% Although it is possible that there are direct associations
between bony pelvis dimensions and BMI, the correlation be-
tween higher BMI and stress incontinence in both sets of
cohorts is likely due to higher intra-abdominal pressures gen-
erated rather than skeletal anatomic factors.*

SUI is the result of changes to both urethral supports and to
urethral sphincter closure forces. The data from this study
contribute to the growing body of research suggesting that
although de novo postpartum SUI and midlife SUI share a
common outcome, there are differences in the relative contri-
butions of maximum urethral closure pressure (MUCP) and
urethral support at different times in a woman'’s life. De novo
SUI soon after birth is more strongly related to changes in le-
vator ani muscle injury and increased urethral mobility than
at middle age, when the age-related decline in urethral pres-
sure dominates. For example, the parent PERL 2 study revealed
similar effects of vesical neck support and MUCP in determin-
ing continence status of primiparas.® By contrast, data from
the parent ROSE study suggest that MUCP has an approxi-
mately threefold greater effect size than vesical neck support
in determining continence in middle-aged women.*® Similarly
the PERL 2 study revealed a twofold higher occurrence of leva-
tor ani muscle injury in the stress incontinent cohort while in
the ROSE study, levator ani muscle injury occurred with equal
frequency in the two groups.
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TABLE III. Bony Pelvis Dimensions—Young Subjects From the PERL 2 Study

Nulliparous Primiparous Primiparous
continent continent incontinent P-value—“birth” P-value—*“SUI"” PC
Characteristic (NC; n = 73) (PC; n = 73) (PL; n = 67) P-value—ANOVA NC compared with PC compared with PI
Interspinous diameter (cm) 103 £ 0.7 104 + 0.7 10.6 £ 0.7 0.06 0.60 0.08
Intertuberous diameter (cm) 111 £ 0.8 11.2 £ 09 114 £ 09 0.11 0.88 0.09
Subpubic angle (°) 89.0 £ 6.3 89.7 £ 6.6 92.0 £ 6.8 0.02 0.50 0.04
SCIPP length (cm) 114 £ 0.8 11.5 £ 0.9 116 £ 11 0.71 0.60 0.75

Bony pelvis measurements in young women with and without SUI included from the PERL 2 study. Data are presented as mean + standard deviation. P
values test the null hypothesis that demographic characteristics are similar across all three cohorts (ANOVA), between primiparas with de novo SUI and
the primiparous continent controls (incontinence-associated relationships), or between continent primiparas and nulliparas (birth-associated

relationships).

We hypothesize that a wider subpubic angle may be a risk
factor for trauma during childbirth that leads to postpartum
SUL The anterior location of the fetal head afforded by a wider
pelvis might directly damage the urethra or urethral supports,
similar to the vaginal delivery-induced urethral changes seen
in previously published animal models.*®*” Alternatively,
trauma from the delivery may unmask pre-existing poor ure-
thral function that, prior to delivery of the newborn, was com-
pensated for by wurethral support and/or pelvic floor
functioning. Interestingly, despite a twofold higher rate of vis-
ible levator ani defects in the incontinent primiparas than the
primiparous controls, we find no association between the
rates of these muscle defects and the subpubic angle, suggest-
ing that any birth trauma promoted by a wider subpubic an-
gle is not reflected in the visible levator ani defects noted on
MRL By the middle-aged period, however, bony pelvis dimen-
sions do not seem to associate with the presence of SUL We
hypothesize that other factors dominate such that contribu-
tions to continence from birth-related pelvic floor injury are
minimized.

The findings in this study are best viewed in the light of
hypothesis generation. The aggregate of these data support
the conceptual “Lifespan Model” previously published as a
means to understand the development of pelvic floor disor-
ders.'® Essentially, this model suggests that women have
baseline pelvic floor function that may be affected by predis-
posing factors such as genetics, inciting factors such as birth
trauma, and intervening factors such as age-related muscle
loss. For primiparas, a wide pelvis may lead to birth trauma
that is a severe enough inciting factor to induce loss of ure-
thral function and, therefore, SUL By contrast, a young woman

TABLE IV. Bony Pelvis Dimensions—Middle-Aged Subjects From the ROSE
Study

Continent SUI
Characteristic (n = 107) (n = 101) P-value
Interspinous diameter (cm) 10.8 (10.2,11.5) 10.7 (10.3,11.2) 0.38
Intertuberous diameter (cm) 11.5(10.5,12.2) 11.3 (10.7, 12.0) 0.99
Subpubic angle (°) 91.7 + 7.5 926 + 6.3 0.32
SCIPP length (cm) 116 + 0.9 11.7 £ 1.0 0.68

Bony pelvis measurements in middle-aged women with daily stress incon-
tinence and in continent controls included from the ROSE study. Data are
presented as median (25th and 75th percentile) or mean =+ standard devia-
tion. P values test the null hypothesis that pelvic dimensions are similar in
the stress incontinent and urinary-continent cohorts. For the interspinous
and intertuberous diameters, P values are derived from Mann-Whitney U-
tests, whereas the subpubic angle and SCIPP lengths were compared using
independent t-tests.
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with baseline poor urethral function may be continent due to
pelvic floor support that is subsequently weakened by birth
trauma, and hence, she develops postpartum SUIL Over the
course of their lifetimes, women experience intervening fac-
tors such as age-related decline in urethral muscle fiber thick-
ness and number. In addition, they may have undergone
further childbirths and/or other traumatic events. As such, by
the middle-aged period, these intervening factors predomi-
nate such that the influence of inciting factors (including pel-
vis width) contributes minimally to continence mechanisms.

We must highlight, though, that the results in this study
involve two separate cross-sectional studies; the ROSE sub-
jects cannot be viewed simply as older versions of the PERL 2
subjects. There are numerous demographic and biologic varia-
bles that may be unrecognized confounders, especially when
comparing the results of one study to the other. In order to
gain a better understanding of how bony pelvis anatomy
affects urinary continence, longitudinal studies are needed in
which careful pelvimetry and urodynamic measures are col-
lected in large numbers of nulliparas and repeated over sever-
al decades, especially after events such as childbirth. A similar
approach to obtaining this information would be to restudy
the PERL 2 subjects with urodynamics and pelvic imaging dur-
ing the middle aged period, in order to assess the contribu-
tions of pelvic floor functioning, pelvimetry, and urodynamic
measures to the continence mechanisms.

There are several strengths to this study, including its large
sample sizes, demographic matching between cohorts which
minimizes confounders, all of the case subjects had clinical
evidence of SUI rather than only self-reported symptoms, and
the control subjects were all healthy volunteers whose conti-
nence status was assessed by questionnaire and urodynamic
testing rather than women undergoing imaging for other rea-
sons whose continence was unknown or subjects recruited
from pools of healthcare seeking patients. This study is also
easily reproducible, especially given the high inter-rater reli-
ability for MRI pelvimetry and the ease of electronic transmis-
sion of digital MR images. We must also acknowledge
limitations of the study, including the relative homogeneity
of the subjects which may not allow generalizability of our
findings, the case—control design which precludes determina-
tion of causality or monitoring for longitudinal changes, the
inherent limitations of image analysis, and the small magni-
tude of the differences we identified in bony pelvis dimen-
sions. We also recognize that the different recruitment
strategies used in the parent studies may influence our
results; the data must therefore be interpreted with caution. It
is also possible that due to the number of analyses performed,
our results regarding the subpubic angle in the PERL 2 subjects
may simply be due to chance. Although we elected to forgo
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Bonferroni correction,'® usage of such a construct (utilizing
three different group comparisons for four distinct bony pelvis
dimensions) would suggest statistical significance would re-
quire a P value of <0.001. It is further possible that this study
was underpowered to detect differences in bony pelvis dimen-
sions, although our a priori power calculations suggested a
higher power to detect differences in subjects from the ROSE
study as compared to the PERL 2 study, whereas we only find
significant differences in bony pelvic dimensions in the young
primiparous subjects.

CONCLUSIONS

Young primiparas with de novo postpartum SUI have wider
bony pelves than continent primiparas or nulliparas. By con-
trast, there are no significant differences in pelvic dimensions
when comparing middle-aged women with and without
symptomatic stress incontinence. There is a growing body of
literature suggesting that postpartum SUI is not the same dis-
ease as midlife incontinence, despite similar disease pheno-
types. Although we are only beginning to scratch the surface
of understanding this complex system, it is becoming evident
that the relative contributions of the different mechanisms
promoting urinary continence vary over the course of a wom-
an’s lifetime.
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