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Abstract: The human pelvis is adapted to accommodate bipedal locomotion while retaining
a wide enough pelvic canal to birth large babies. Many forces act on the pubic bone, with
the pelvis being in charge of supporting the organs of the abdominopelvic cavity. In this
research, we investigate whether increases in gut volume (GV) and number of births (parity)
impact the skeletal morphology of the pubic bone at two regions: the pubic symphysis
and the pubic arch. Our results indicate that in our female sample, the pubic symphysis
width increased with increased GV and parity, while the pubic arch width decreased with
increased GV and parity, although not significantly. In the male sample, there was almost
no effect of increased GV on the pubic symphysis, while the pubic arch width increased
in response to increased GV. We hypothesize that while significance is not present for this
entire data set, these pelvic structures are impacted by GV and parity, and these changes
should be investigated further. These changes in the structure can impact the function of
the pelvic girdle and result in pain and changes to mobility. Pelvic girdle pain may be one
result of these structural changes due to increased forces, and thus it is vital to investigate
what factors may or may not contribute to these bone morphology changes.
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1. Introduction

Amongst the primates, the human pelvis is uniquely adapted to bipedal locomotion
(Lewis et al., 2017; Lovejoy, 2005; Lovejoy et al., 2009; Tague & Lovejoy, 1986). This
adaptation has shaped the human pelvic girdle in a way to accommodate birthing a large
infant, as well as functioning to support viscera, and providing attachments for muscles,
ligaments, and tendons for movement and locomotion (Lewis et al., 2017; Lovejoy, 2005;
Lovejoy et al., 2009; Tague & Lovejoy, 1986; Wobser et al., 2023). The ‘pelvic floor hypothesis’
suggests that the structure and stability of the pelvic floor are an adaptation for bipedal
locomotion, but they also constrain the birth canal (Abitbol, 1988; Haeusler et al., 2021).
The pelvic girdle is comprised of three bones: the ilium, ischium, and pubis. The anterior
connection of the two pubic bones forms the pubic symphysis joint (Figure 1A). The pubic
symphysis absorbs forces during locomotion and expands during childbirth (Becker et al.,
2010). Inferior to the pubic symphysis is the pubic arch, also formed by the anterior
articulation of the pubic bones (Figure 1B). The width of the pubic arch provides structural
support in response to changes to the body’s mass by both widening and narrowing, for
example, widening in females to accommodate childbirth or narrowing in response to
hormonal changes (Oladipo, 2010). The pubic bone, therefore, represents an important
adaptive anatomical structure in humans.
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Figure 1. Human female pelvis displaying the two structures examined in this research: (A) Pubic
symphysis (blue shaded) and (B) pubic arch (red line).

Prior research on the pubic bones has focused on pain and mobility issues, while
neglecting the impact gut volume and parity may have on the shape and size of the pubis.
“Gut volume” is defined in this study as the volume taken up in the abdominal cavity by
the large and small intestines. “Parity” refers to the number of live births a woman has
experienced. This study uses parity values ranging from 0 to 5+ live births to examine the
impact reproduction may have on these pelvic structures. Additionally, anatomical markers
for measurement of the pubic structures vary between studies, leading to conflicting results
(Alicioglu et al., 2008; Becker et al., 2010; Roberts, 1934). In this study, we employ the
same methodology at both the pubic symphysis and pubic arch, with three data points
per structure. Widths were measured at a superior, middle, and inferior point for both the
pubic symphysis and pubic arch. This methodology allows for an investigation into how
gut volume and parity may alter the width of these two structures. Changing widths of
these structures may inform us of issues regarding how pelvic morphology may contribute
to pelvic girdle pain and mobility.

1.1. Sex Differences of the Pubic Symphysis and Pubic Arch

The pubic symphysis (PS) and pubic arch (PA) differ, on average, between male and
female pelves. In one study, the average pubic symphysis width (PSW) was 5.9 mm in
men versus 4.9 mm in women, but in another study, the average width was significantly
greater at 11.8 mm in men versus 12.6 mm in women (Alicioglu et al., 2008; Vix & Ryu,
1971). Among these studies, there is no consensus on how to measure pubic structures,
especially at the pubic symphysis width (PSW). This results in a lack of a clear definition
of what a “normal” PSW is in the human body, even when examining sex differences at
the pubis. The pubic arch also exhibits differences in males and females, allowing its use
in medicine, anthropology, and forensics (Buikstra & Ubelaker, 1994; Kurihara et al., 1996;
Memarian et al., 2017; Oladipo, 2010; Washburn, 1948). Indeed, measures of the pelvis to
identify males and females in forensics, such as the pubic angle, subpubic angle, and pubic
ramus angle, have a 98% accuracy (Memarian et al., 2017). Men have an average pubic arch
angle of 75-130 degrees, and females have an average pubic arch angle of 90-150 degrees
(Oladipo, 2010).
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Differences in the anatomy of male and female pelves may be due to the demands of
reproduction. In the final weeks of pregnancy, the pubic symphysis (PS) widens, which
may be a response to the hormone relaxin, although there is disagreement on this mecha-
nism’s effect on the PS (Kristiansson et al., 1999; Leadbetter et al., 2004; MacLennan, 1991).
Kristiansson et al. (1999) also found that serum concentrations of relaxin were significantly
correlated with pelvic pain, as a result of more laxity at the joints. Connective tissue is also
remodeled during pregnancy to allow for the delivery of a baby, promoting more joint
mobility and possibly, pelvic pain (Kristiansson et al., 1999). Other possible mechanisms
for the widening of the PS during pregnancy include mechanical strain caused by weight
gain (Leadbetter et al., 2004). Dysfunction due to pubic symphysis relaxation usually goes
away after delivery, but for some individuals, symptoms persist, resulting in long-term
negative effects such as localized shooting and/or stabbing pain in the pubic symphysis
region, radiating discomfort, and difficulty during movement, and even effects beyond
impaired mobility, such as depression (Becker et al., 2010; Jain et al., 2006).

As a result of the PS widening during pregnancy, the pubic arch (PA) also increases its
width progressively throughout pregnancy (Martelli et al., 2020). Research has found that
before pregnancy occurs, the female PA is naturally wider than the male PA on average,
and from the first to second trimesters, the average PA angle increased from 121.8 to
123.5 degrees. Similarly, from the second to the third trimester, the average angle increased
from 123.5 to 125.3 degrees (Martelli et al., 2020). This slight widening is thought to be due
to intrinsic mechanisms in preparation for childbirth and may contribute to the negative
symptoms women experience. The exact mechanism of widening is not fully known, but
two main contributors are the hormone relaxin and the shift of the pelvic organs, altering
the center of gravity (Kristiansson et al., 1999; Leadbetter et al., 2004, MacLennan, 1991;
Martelli et al., 2020; Sakamoto et al., 2021).

While research has documented the anatomical sex differences and the consequences
of female reproduction and pregnancy on the pubic arch, most studies direct their focus
on other components of the pelvic girdle. Due to the direct relationship between these
two pelvic structures, the pubic symphysis and the pubic arch, this study investigates how
these structures adapt in response to changes in gut volume and parity. Both gut volume
and parity may act similarly on the pelvis; gut volume will display the effects mass may
have on this region of the pelvis, and parity allows an investigation of potential pregnancy
hormone effects, in addition to the increased mass effects.

1.2. Gut Volume and Parity Variables

Investigating parity may show how the weight and the hormones from pregnancy
may impact pelvic structures. However, pregnancy is not the only mechanism of increasing
mass, and thus it is important to investigate gut volume as well. Increased mass affects
one’s whole body, including the PS and PA (Alicioglu et al., 2008; Becker et al., 2010;
Rustamova et al., 2009). Because the pelvis works to anchor the pelvic floor muscles, which,
in turn, support the abdominopelvic organs (Abitbol, 1988; Haeusler et al., 2021; Uy &
Laudicina, 2021), this research investigates how increased mass of these organs, or gut
volume, may affect the structures of the pelvis. Individuals with a greater abdominal
volume, such as from pregnancy, may have a greater risk of their pubic symphysis and
arch widening, leading to symptoms that range from uncomfortable to debilitating pain
(Becker et al., 2010; Kristiansson et al., 1999; Leadbetter et al., 2004; MacLennan, 1991;
Martelli et al., 2020; Sakamoto et al., 2021). There are currently few studies investigating
the relationship between the pubis and changes in mass (Alicioglu et al., 2008; Becker et al.,
2010; Rustamova et al., 2009). Exploring the relationship of gut size and parity with the
widths of these pubic structures will help elucidate if abdominal mass increases relate to
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PS and PA width changes. In this study, gut volume (the volume of the small and large
intestines) was used (instead of BMI) in an attempt to limit racial disparities in health care
related to adiposity (Dougherty et al., 2020).

Although it is difficult to make direct links between bony morphology and pain
causation, this research attempts to understand how changes in force (gut volume) and
volume (space due to parity) at the pubic region may inform us about issues of and causes
of pelvic girdle pain.

2. Materials and Methods

2.1. Materials
2.1.1. Gut Volume Sample

The gut volume sample contained 44 males and 48 females for a total of 92 adults
(Table 1). These samples were retrieved from scans originally obtained for another study
(Uy & Laudicina, 2021) collected from the University of Wisconsin-Madison School of
Medicine and Public Health (archival database). The Institutional Review Board (IRB)
did not require a new review for this present study, as the individuals were previously
de-identified, and we used secondary data from the previous study (Uy & Laudicina, 2021).
To account for changes that may occur during growth and development, the ages of the
individuals for this analysis ranged from 18 to 25 years. Gut volume was divided into small
(<4670cc) and large (>4670cc) categories for analysis following protocols established by
previous research (Uy & Laudicina, 2021). The “small” group was comprised of 47 pelves
(13 male, 34 female). The “large” group consisted of 47 pelves (32 male, 15 female). It is
important to note that in the “small” pelvic shape group, the sample is predominantly
female, while the “large” group is predominantly male. Sex differences may play a role in
the data, which is why this study examines overall trends in addition to trends based on
sex alone.

Table 1. Descriptive statistics for gut volume study sample (from Uy & Laudicina, 2021, Table 1).

Males (n = 44) Females (n = 48)
Body Weight (kg) 80.43 + 19.27 67.17 + 13.15
Stature (m) 1.77 £ 0.07 1.64 £+ 0.07
Gut Volume (cc) 5384 + 1320.86 4192.13 +£912.44

2.1.2. Parity Sample

The parity sample (N = 64, all females) was obtained from the New Mexico Decedent
Image Database (NMDID), a free Computed Tomography (CT) scan database (Edgar
et al., 2020). All individuals in the NMDID were obtained from the New Mexico medical
examiner’s office from 2010 to 2017 (Edgar et al., 2020), and permission to access the CT
scans was granted to the authors by the NMDID. IRB was not required for this sample,
as all individuals were de-identified prior to our access to the material. Parity status was
divided into four groups based upon the reported number of live births: nulliparous (no
births), 1-2 births, 3—4 births, and 5 or greater births reported (Table 2). Individuals were
selected by searching the metadata on the NMDID using the following inclusion criteria:
individuals aged 18-50, assigned female at birth, and no chromosomal abnormalities. All
individuals selected were then controlled for differences in ancestry to avoid confounding
effects, and Indigenous populations were excluded from the study to avoid using material
from a vulnerable population. Due to this criterion selection, the sample size for the largest
parity group (>5 births) was small. Individuals in the final parity study sample ranged
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from 18 to 50 years old to account for age-related changes to pelvic morphology due to
puberty and menopause, and the average age of individuals was 37.67 years old (Table 2).

Table 2. Descriptive statistics for the parity study sample. CT images obtained from the New Mexico
Decedent Image Database (Edgar et al., 2020).

0 Births (n=18) 1-2 Births (n =20) 3-4 Births (n=22) >5 Births (n=4)

Age 34.78 +9.63 38.80 + 8.47 40.82 &= 7.98 36.25 + 5.74
Stature (m) 1.63 £+ 0.08 1.63 £ 0.08 1.64 £+ 0.09 1.65 £+ 0.09
2.2. Methods

2.2.1. Pelvic 3D Models

The 3D images of the pelves associated with the gut volume measurements were
obtained previously by Uy and Laudicina (2021) and used for this study. CT images for
the parity data were obtained from the NMDID (Edgar et al., 2020). The pelvis from each
individual was then isolated and exported as an .STL 3D model using Slicer (3D Slicer
Image Computing Platform, n.d.; Fedorov et al., 2012). Using CloudCompare software
2.13.2 (Girardeau-Montaut, 2016), these 3D models were measured at the pubic symphysis
and pubic arch. Two authors (E.L. and E.P.) conducting the pelvic measurements were not
made aware of the gut volume, gender, or other metadata of each specimen until after the
measurements were conducted to avoid bias.

2.2.2. Measurement Methods
Pubic Symphysis Width (PSW)

To measure the pubic symphysis width, three measurements (superior, middle, and
inferior) were taken on the anterior side of the pubis (Figure 2A). These three measures
were taken between the 1. most anterosuperior edge of the pubis (noted as superior PSW),
2. the most anteroinferior edge of the pubis (inferior PSW), and 3. the middle PSW was
taken at the midpoint between the superior and inferior PSW (Figure 2A).

Figure 2. (A) Pelvis model with the superior, middle, and inferior measurements for the pubic
symphysis noted (box A). (B) Pelvis model with the superior, middle, and inferior measurements of
the pubic arch noted (box B).
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Pubic Arch Width (PAW)

To measure the pubic arch width (PAW), three measurements (superior, middle, and
inferior) were taken from the anterior side of the pelvis (Figure 2B). The superior mea-
surement was taken at the uppermost portion of the arch, where the curvature begins
inferior to the pubic symphysis. The middle measurement was taken at the midpoint of the
curvature, and the inferior measurement was taken at the base of the arch at the point of
maximum curvature before the curve changes direction posterior to the ischium. Different
measurement techniques have been developed to investigate the pubic arch, sometimes
taking into account the height of the arch, other times the width, or a combination of the
two (Buikstra & Ubelaker, 1994; Mohd Ali et al., 2019). In this study, we focus on the pubic
arch width, rather than the arch height, to investigate the bones’ response to stressors,
rather than focusing on the sex differences.

Body Size (Stature)

Multiple linear regression analyses were conducted to assess the relationship of the
two pubic measurements (PSW, PAW) and gut size and parity, using stature as a covariate.
Previous research has shown that while female body size does not impact gut volume size,
in males, there is a relationship between body size and pelvic morphology (Uy et al., 2020).

3. Results

3.1. Gut Volume Results
3.1.1. Pubic Symphysis Width (PSW)

Logarithmic values of the PSW and gut volume (GV) were used to normalize the
sample. t-tests were conducted to compare the relationship of PSW to gut volume in a
combined male and female sample and then compared to males and females separately to
look at sex differences (Table 3). Using the standard significance value of p < 0.05, there was
found to be no significant difference in the superior, middle, and inferior PSW depending
on small or large gut volume in the combined gender group (Table 3).

Table 3. Results of PSW and gut volume statistical analyses. Bolded values represent a significant
p-value (<0.05).

Measurement Gut Volume p-Values (t-Test; Grouped by Gut Volume p-Values (Regression Analysis;
Small/Large) Grouped by Small/Large)
Overall (n=92) Males(n=44) Females(n=48) Overall(n=92) Males(n=44) Females (n=48)
Superior PSW 0.322 0.402 0.125 0.855 0.727 0.113
Middle PSW 0.214 0.174 0.304 0.497 0.784 0.170
Inferior PSW 0.225 0.383 0.122 0.186 0.003 0.142

A linear regression was then conducted (Figure 3, Table 3). In the overall group, with
combined male and female samples, gut volume size and all three measurements, superior,
middle, and inferior, have a slightly positive relationship based on the positive slope from
the graphs (Figure 3A). As gut volume increased, so did the pubic symphysis width at
all three measures (superior, middle, inferior). For the combined gender group using
linear regression (Figure 3A), for superior PSW, 0.1% (R?) of the variability in PSW can
be explained by gut volume. For middle PSW, 0.5% (R?) of the variability in PSW can be
explained by gut volume. Finally, for inferior PSW, 1.9% (R?) of the variability in PSW can
be explained by gut volume. In this combined sample, none of the linear regression models
were statistically significant (Table 3).
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Figure 3. Gut volume measures compared to pubic symphysis widths for (A) combined gender group
(females and males); (B) females only; (C) males only, at three PSW measures: superior, middle, and
inferior width measurements.

Next, we analyzed the data to see if there were differences in gender groups. t-tests
and linear regression models were run for this purpose (Table 3, Figure 3B,C). Similar
to results in the overall combined gender group, there was no significant difference in
superior, middle, and inferior PSW and small or large gut volume in the female groups.
Trends indicate that in the female sample, as gut volume increased, so did the width of the
pubic symphysis (Figure 3B). In the male group, there was almost a flat trendline indicating
no change at the pubic symphysis width with increasing gut volume (Figure 3C). The
superior and middle PSW regression models were not statistically significant in the male
sample, but the inferior PSW linear regression model was significant (p = 0.003, Table 3).

3.1.2. Pubic Arch Width (PAW)

Comparing the pubic arch width (PAW) and gut volume (GV) samples, logarithmic
values were taken of each of the three measurements to normalize the sample. ¢-tests were
performed to determine if there is a relationship between gut volume and pubic arch width
(Table 4). In the combined gender group, the superior width PAW was significantly different
(p = 0.041) between gut volume groups (small/large), while the middle and inferior widths
were not statistically significant (Table 4).

Table 4. Results of PAW and gut volume statistical analyses. Bolded values represent a significant
p-value (<0.05).

Measurement

Gut Volume p-Values (t-Test; Grouped by
Small/Large)

Gut Volume p-Values (Regression Analysis;
Grouped by Small/Large)

Overall (n =92)

Males (n=44) Females(n=48) Overall(n=92) Males(n=44) Females (n=48)

Superior PAW

0.041

0.128 0.056 0.333 0.027 0.276

Middle PAW

0.066

0.060 0.475 0.450 0.002 0.333

Inferior PAW

0.125

0.047 0.122 0.736 0.003 0.752
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In the combined gender group, PAW and gut volume have a slight positive relationship
(Figure 4A). At the pubic arch, 1.1% (R?) of superior width variability is explained by gut
volume (Figure 4A). In the middle width, 0.72% (R?) of variability can be explained by
gut volume. In the inferior width, 0.16% (R?) of variability is explained by gut volume.
However, none of these linear regression models were statistically significant (Table 4).
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Figure 4. For pubic arch width, LOG Gut Volume vs LOG width for superior width, middle width,
and inferior width measurements. (A) Combined gender group. (B) Females. (C) Males.

Separating the individuals by gender yielded one significant relationship in males
(inferior PAW: p = 0.047; Table 4) but no significance within females, although the superior
PAW was nearing significance (p = 0.056; Table 4). The male PAW and gut volume rela-
tionship appears to be similar to the overall gender group, slightly positive, where with an
increase in the gut volume, the pubic arch width increases (Figure 4A,C). All three linear
regression models for the male sample were statistically significant (Table 4). Interestingly,
the female sample exhibits a slight negative relationship where with increasing gut volume,
the PAW decreases, although these linear regression models were not statistically significant
(Figure 4B; Table 4).

3.1.3. Body Size

Finally, to account for the potential influence of the PSW and PAW due to body size
differences, a multiple regression analysis was conducted (Table 5). Stature (living height)
was used for both the PSW and PAW analyses. Because both the pubis metrics and height
are linear measurements, while gut size is a volumetric (cubic centimeters) measurement,
the cubed root of GV was used to keep all the variables linear. These results illustrate that
at the pubic symphysis measures, no models were significant (Table 5). At the pubic arch
width, the male PAW regression models were significant at all three measures (superior,
middle, inferior widths), while the female models were not statistically significant (Table 5).
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Table 5. Summary of results from multiple regression analyses comparing pubic symphysis width
(PSW) and pubic arch width (PAW) with gut volume (GV). Each regression model uses stature as a
covariate (e.g., SPSW~GYV + Stature). The beta coefficients (slopes) of each predictor variable and
their p-values, the r? values of the regression models, and the p-values of the models are reported;

bolded p-values with an asterisk * indicate a p < 0.05.

Variable 3 Gut Volume B Stature 2 Model p-Value
All

Superior PSW 0.02 (0.83) —0.01 (0.51) —0.02 0.79
Middle PSW 0.05 (0.57) 0.0004 (0.98) —0.02 0.85
Inferior PSW 0.13 (0.22) —0.01 (0.60) —0.003 0.42
Superior PAW —0.38 (0.32) —0.05 (0.42) —0.003 0.42
Middle PAW —0.51 (0.48) —0.09 (0.40) —0.008 0.53
Inferior PAW —0.28 (0.77) 0.01 (0.95) —0.021 0.96
Male

Superior PSW —0.09 (0.63) —0.02 (0.47) —0.03 0.73
Middle PSW —0.01 (0.95) —0.02 (0.32) —0.02 0.60
Inferior PSW —0.03 (0.88) —0.03 (0.38) —0.03 0.67
Superior PAW 1.37 (0.01 *) 0.07 (0.40) 0.10 0.04 *
Middle PAW 3.11 (0.0005 *) 0.11 (0.35) 0.22 0.002 *
Inferior PAW 4.58 (0.0004 *) 0.31 (0.08) 0.24 0.001 *
Female

Superior PSW 0.21 (0.18) —0.01 (0.68) —0.003 0.41
Middle PSW 0.09 (0.51) 0.02 (0.19) —0.02 0.26
Inferior PSW 0.19 (0.20) —0.003 (0.89) —0.006 0.44
Superior PAW —0.74 (0.19) —0.03 (0.73) —0.004 0.34
Middle PAW —0.39 (0.67) —0.001 (0.99) —0.04 0.91
Inferior PAW —0.15(0.91) 0.10 (0.60) —0.04 0.87

3.2. Parity Results

An ANOVA test was conducted to see if there were any differences in PSW when
comparing all of the parity groups together. ANOVA tests are similar to t-tests in that
they analyze the difference between the means of groups to determine the impact of one
variable on another. P-values were not significant between parity groups and PSW (Table 6).
ANOVA tests were also performed to compare PAW measurements and parity (Table 6).
None of the resulting p-values were statistically significant between the parity groups and
the three PAW measures (Table 6).

There is a positive relationship between the number of births and pubic symphysis
width (PSW) at all three width measures (superior, middle, inferior) (Figure 5A). For both
superior and middle PSW, 3.9% (R?) of the variability in PSW can be explained by the
number of births (parity). When looking at inferior PSW, 1.2% (R?) of the variability in PSW
can be explained by the number of births (parity). None of these linear regression models
were significant based on an alpha of 0.05 (Figure 5, Table 6).

At all three pubic arch width (PAW) measures (superior, middle, and inferior), there
is a negative relationship between the number of births and the width of the pubic arch.
As parity increased, the pubic arch width decreased, as seen by the negative slope values
(Figure 5B). The middle PAW’s negative correlation is minor, and almost near 0. The 5.1%
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(R?) of variability in the superior width can be attributed to parity. Furthermore, the middle
PAW width shows that 0.1% (R?) of the variability in width is explained by parity, while
at the inferior PAW, 5.4% of the variability is explained by parity. As with the PSW, these
PAW regression analyses were not statistically significant (Figure 5, Table 6).

Table 6. Results of PSW/PAW and parity statistical analysis. Three measures (superior, middle,
inferior) were conducted at both the PSW and PAW.

Measurement Parity Comparisons p-Values
Overall (ANOVA) Regression p-Value
Superior PSW 0.471 0.096845
Middle PSW 0.213 0.134483
Inferior PSW 0.345 0.363088
Superior PAW 0.086 0.12255
Middle PAW 0.970 0.660238
Inferior PAW 0.387 0.546498
A Pubic Symphysis Width (PSW)
11
1 . ® Superior Width
I B Middle Width
09 e a & Inferior Width
PP e
= ) e Superior Width: y = 0.0109x + 0,631
4 B R:=0.0393
TI LA I S~ N ~ I - T ] °
9 e, SrBNTEEY - SECSE 3 Middle Width: y= 0.01x + 0.6403
- 06 ﬂ a R2=0.0387
§ g f 4 Inferior Width: y = 0.005x + 0.6612
05 @ g 8 - R2=0.0121
04
0 1 2 3 1 5 6
Number of Births
B Pubic Arch Width (PAW)
24
22  Superior Width
s é [E— ’ . g RN B t o 'y ' EMEddle Widh
w b E B E B T
16
p ° -
Z 1 Superior Width: y = -0.0109x + 13318
E I ’ ! 8 8 8 ° R?=0.0509
g 12 l . ®  \Gddle Width: v = -0.0008x + 13615
1 R2=0.0008
08 Inferior Width: y = -0.0368x + 2.0981
R2=0.0544
05
04
0 1 2 3 4 5 6
Number of Births

Figure 5. Linear regression between the number of births (parity) and the pubic symphysis width
(PSW) and pubic arch width (PAW) at each of the three measurements (superior width (SW), middle
width (MW), and inferior width (IW)). (A) PSW: Parity vs. LOG width three measurements, (B) PAW:
Parity vs. LOG width for three measurements.
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Body Size

Using stature as a covariate in the parity multiple linear regression analysis shows
that parity has no relationship with either the pubic symphysis width or pubic arch width
(Table 7).

Table 7. Summary of results from multiple regression analyses comparing pubic symphysis width
(PSW) and pubic arch width (PAW) with parity. Each regression model uses stature as a covariate
(e.g., SPSW~Parity + Stature). The beta coefficients (slopes) of each predictor variable and their
p-values, the r? values of the regression models, and the p-values of the models are reported.

Variable 3 Parity 3 Stature r? Model p-Value
Superior PSW  0.13 (0.15) 0.006 (0.68) 0.004 0.33
Middle PSW 0.11 (0.12) —0.003 (0.79) 0.01 0.27
Inferior PSW 0.06 (0.37) 0.008 (0.45) —0.01 0.52
Superior PAW  —0.53 (0.07) 0.03 (0.44) 0.03 0.13
Middle PAW —0.16 (0.81) —0.04 (0.69) —0.03 0.90
Inferior PAW —0.26 (0.77) —0.06 (0.65) —0.03 0.87

4. Discussion

While many of the pubic symphysis width (PSW) and pubic arch width (PAW) mea-
sures were not significantly associated with differences in gut volume or parity, based on
an alpha level of 0.05, a few measures were (Tables 4 and 5). The regression models’ R?
values are low, ranging from 0 to 0.058 (Figures 3-5). However, there are trends exhibited
at the PSW and PAW that are important to highlight. At the PSW, in both the female gut
volume and parity analyses, there appeared to be a positive relationship, indicating that
as gut volume and parity increased, so did the PSW. This indicates that increased forces
due to gut volume load and pelvic expansion due to childbirth may be contributing to an
increased width at the pubic symphysis. However, the small sample size of the highest
parity group (n > 5 births) warrants further study to confirm these results. For the male
sample, as gut volume increased, there was very little effect at the PSW.

For female PAW, there appeared to be a negative relationship, indicating that as gut
volume and parity increased, PAW decreased. This indicates that the pelvic girdle is
accommodating the larger forces put upon the symphysis by reducing the space at the
inferior aspect of the pelvic canal, potentially increasing stability of the region. With the
male sample, we see an opposite result with a slight positive relationship between gut
volume and pubic arch width. We see that gut volume predicts the male PAW relatively
well, even without stature (Table 5). In fact, 10-24% of the PAW variation in the male
sample is due to increasing gut size (Table 5). We hypothesize that the male pelvis has more
flexibility in the amount of pelvic expansion available compared to the already expanded
female pelvis. However, further study should examine this relationship between increased
mass and PAW in both males and females.

The trends in the data show increased gut volume and parity leading to a wider female
pubic symphysis and a narrower female pubic arch. Changes in the pelvic girdle may result
in impaired mobility or pain. Larger width in the pubic symphysis with a narrowed arch
could result in decreased stability, ultimately leading to mobility issues and potentially
pelvic girdle pain (PGP). In one study, pregnancy was “well-established” as a leading factor
of PGP, as it alters structures of the pelvis, specifically at the pubic symphysis (Ali et al.,
2020). Joint pain, lower back pain, and instability are three symptoms of PGP (Ali et al.,
2020). PGP increases the risk for joint and other bone injuries, as well as mental health
deficits due to the pain and decreased mobility (Ali et al., 2020). Ali et al. (2020) also show
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how the soft tissue surrounding the pelvis plays an important role in stabilization. In
pregnancy, the hormone relaxin is released and is believed to remodel collagen, leading
to deficits in the connective tissue around the pelvis, which could ultimately lead to
dysfunction in the pelvic structures, and PGP (Ali et al., 2020). This relaxin hormone theory
is supported by some research (Ali et al., 2020; Kristiansson et al., 1999) but contraindicated
by others (Leadbetter et al., 2004; MacLennan, 1991), highlighting that there are still many
unknowns regarding the exact mechanisms causing PGP. This research on the PSW and
PAW highlights the importance of the pelvic girdle’s bony structures and investigates
how two variables (gut volume and parity) may alter these pelvic structures. Analyzing
the pubic symphysis and pubic arch structures, and how their widths may change with
respect to increased gut volume and parity, can allow for predictions about PGP and how
an individual’s stability and mobility may be affected.

There are likely other extrinsic factors, or a combination of factors, that contribute to
changes at the PSW and PAW beyond the factors (gut volume and parity) examined in this
study. In this study, body size (stature) was used as a covariate for both the gut volume
and parity samples and showed sex differences, as has been noted in previous studies (Uy
et al., 2020). Future studies could examine other factors, including body weight or overall
pelvic size, to investigate how differences in gut volume or parity impact pelvic measures.

5. Conclusions

This research contributes to the prediction that an increase in mass, due to either gut
volume or pregnancy mass, will change the morphology of the pubis, even if in small ways.
Further studies may look to explore what other regions of the pelvis, or even other parts
of the body, may be affected by an increase in gut mass, or body mass in general, as well
as the effects of pregnancy. This can contribute to discussions on the management and
prevention of issues such as pelvic girdle pain and mobility issues.
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