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Abstract
Objective—Women are disproportionately affected by musculoskeletal disorders. Parous women
appear to be at particularly elevated risk for structural and functional changes in the lower limbs.
The combination of increased weight on joints with potentially greater laxity during pregnancy
could lead to permanent structural changes in feet. Although arches may become lax during
pregnancy, it is unknown whether changes persist. The objective of this study was to determine
whether arch height loss persists postpartum.

Design—Forty-nine women completed this longitudinal study. Static and dynamic arch
measurements were collected in first-trimester and at 19 weeks postpartum. Linear mixed models
were used to determine whether outcome measures significantly changed overall or by parity.

Results—Arch height and rigidity index significantly decreased, with concomitant increases in
foot length and arch drop. The first pregnancy accounted for the reduction in arch rigidity and
increases in foot length and arch drop. No changes were detected in the center of pressure
excursion index.

Conclusions—Pregnancy appears to be associated with a permanent loss of arch height and the
first pregnancy may be the most significant. These changes in the feet could contribute to the
increased risk for musculoskeletal disorders in women. Further research should assess the efficacy
of rehabilitative interventions for prevention of pregnancy-related arch drop.
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Women are disproportionately affected by musculoskeletal disorders, which are a significant
cause of functional limitations and disability. Studies have found a higher prevalence of
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chronic joint pain (1.3x),1 including foot pain (1.3x),2, 3 knee pain (1.3x),4 hip pain
(1.4x),4–6 greater trochanteric pain syndrome (3.3x),7 and low back pain (1.2x)8 in women
than in men. In addition, women are at higher risk for osteoarthritis,9 especially in the knee
(1.8x),10 in comparison with men. Studies have suggested that the increased risk for
musculoskeletal problems may, in part, relate to biochemical and biomechanical changes
that occur in a woman’s body during pregnancy.

Vullo and colleagues11 have suggested that there may be musculoskeletal changes that
persist following pregnancy, as parous women are more likely to develop new lower limb
musculoskeletal disorders than are nulliparous women. The increase in body mass12 in
combination with a seven to ten-fold increase in the relaxin hormone level during
pregnancy13, 14 have the potential to place atypical stresses on the musculoskeletal system. It
is possible that acute or chronic pathomechanics, seen as deviant arthrokinematics might
contribute to structural changes that may have long-term consequences.

Studies have reported increases in foot length, width, and volume during pregnancy.15, 16

The increased foot width has been attributed to downward movement of the head of the talus
in the context of body weight and relaxin effects on the arch, the first metatarsophalangeal
joint and the subtalar joint during pregnancy.17 Block and colleagues17 studied the increased
hindfoot pronation that occurs during pregnancy and reported that the talus drops
approximately 1 cm in association with loss of static arch height and is accompanied by
increased subtalar and first metatarsophalangeal joint range of motion. In addition to the
anatomic changes in the foot, there are also changes in gait pattern during pregnancy.18–20

Nyska found that, during pregnancy, the center of pressure on the foot shifts posteriorly to
compensate for the increased anterior abdominal mass.21

The combination of ligamentous laxity in the arch, increased body mass and the shift in the
center of pressure towards the posterior part of the foot during pregnancy may contribute to
change in length of the ligaments supporting the arch, leading to loss of arch height. In turn,
changes in foot biomechanics that occur with changes in the foot structure can alter the
normal control of forces propagating from the foot to more proximal lower limb joints and
spine22 and may contribute to pain in the feet, knees, and hips.23 Therefore, disruption of the
interaction between skeletal and musculotendinous and ligamentous structures through loss
of arch height may predispose to painful musculoskeletal conditions.

Perhaps more important than the foot changes that have been reported during pregnancy is
the issue of whether these changes return to baseline or persist postpartum. Although
numerous scientific studies have assessed the characteristics of the arch during pregnancy,
they have not reported whether the changes persisted long-term. We are aware of only one
case report,24 and a myriad of anecdotal reports of changes in arch height and foot width
that did not resolve postpartum. However, there is a need to assess the validity of these
reports through prospectively studying whether there are permanent changes in foot
structure. Therefore, the purpose of this study was to determine whether altered foot
structure persists following pregnancy by assessing static arch structure and dynamic arch
function during the first trimester of pregnancy and 4–5 months postpartum. We
hypothesized that a significant reduction in arch height persists postpartum, evident during
static and dynamic conditions.

METHODS
Participants

Sixty-one women between 18 and 40 years of age in their first trimester of pregnancy
volunteered for the study. Participants were recruited from clinics affiliated with the
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University of Iowa Hospitals and Clinics (UIHC), the clinical trials website at the UIHC,
and local daycare facilities, schools, and pregnancy exercise classes. Exclusion criteria
included: women participating in in-vitro fertilization, prior lower limb joint surgery or
spinal surgery, chronic diseases affecting collagen metabolism, and women who were not
mobile or had surgeries that may affect their walking. This study was reviewed and
approved by the University of Iowa’s Institutional Review Board and all participants
participated in an informed consent process, culminating in providing written informed
consent prior to enrollment.

Participants’ first visit was during their first trimester (10.3 ± 1.6 weeks) and follow-up visit
was approximately 19 weeks postpartum (18.9 ± 4.3 weeks). This duration of follow-up was
selected, as changes in the musculoskeletal system have not been reported to persist past six
weeks post-partum and the blood levels of hormones known to affect collagen return to
normal within 48 hours of delivery. Pregnancy information was collected and a health
questionnaire, static (dorsal arch height, foot length, truncated foot length, arch height index,
and arch rigidity index) and dynamic (center of pressure excursion index, CPEI)
measurements were completed at baseline and follow-up visits. General joint laxity was
assessed at baseline.

Measures
Pregnancy Information and Health Questionnaire—Body mass (kg), height (cm),
BMI (kg/m2), and pregnancy information (i.e. delivery date and weight at delivery) were
retrieved from each participant’s medical record. In addition, participants completed a
medical history questionnaire regarding previous ankle, knee or foot surgeries or injuries
and shoe size or ach height changes during past pregnancies (if applicable). The
questionnaire also included information about the number of previous pregnancies, whether
participants had noticed a change in shoe size since age 18, and medical utilization during
previous pregnancies. A modified version of this questionnaire was administered at follow-
up where participants were asked about perceived changes in shoe size or arch height, arch
supporting insole use, lower limb injuries and medical utilization for lower limb concerns
during pregnancy.

General Joint Laxity—General joint laxity was recorded during participants’ first visit
using the Beighton Hypermobility test, with a score of 4 or greater indicating
hypermobility.25, 26

Static Arch Height Index (AHI) and Arch Rigidity Index—Foot anthropometrics
were measured during both standing (weight bearing) and sitting (non-weight bearing)
conditions, using the Arch Height Index Measurement System (AHIMS) (Jak Tool and
Model, LLC, Matawan, NJ) (Figure 2). The rationale for measurements both standing and
sitting is to measure the magnitude of drop in the arch and rigidity of the arch, comparing
weight bearing with a relatively non-weight bearing condition. The AHIMS is a reliable and
valid method of characterizing arch height based on bony landmarks (intra and inter-rater
reliability ICC: 0.96–0.99).27

The relatively non-weight bearing measurement28 was conducted with the participant seated
in a chair with hips and knees flexed at 90° and feet resting on the floor. The weight-bearing
measurement was conducted with the participant maintaining a natural comfortable stance,
with feet shoulder width apart and weight evenly distributed. In each position, once the heel
cup was placed firmly against the participant’s heel, a horizontal sliding caliper was slid
forward until it gently touched the most prominent toe to obtain the total foot length (ToFL).
Another horizontal sliding caliper, with a concave edge, was positioned around the medial
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aspect of the first metatarsophalangeal joint. The distance from the first metatarsophalangeal
joint to the heel cup was measured as the truncated foot length (TrFL). A third caliper was
positioned at 50% of the total foot length. An integrated vertical caliper was positioned on
the dorsum of the foot to provide a measure of the dorsum height of the foot at 50% of the
foot length. The dorsum height was recorded as arch height. Two measurements were taken
in each position and averaged unless measurement differences were greater than 2 mm, then
a third set of measurements was collected. The arch height index (AHI) was calculated as
the dorsum height at 50% of total foot length divided by the ipsilateral truncated foot length
(TrFL).

Arch drop was used to determine the amount of flexibility that occurs in the foot when
transferring from a seated to a standing position. Arch drop was calculated by subtracting
the recorded arch height at standing from the recorded arch height at sitting. The arch
rigidity index describes the ability of the foot to maintain the structural arch when placed in
a weight-bearing position. The arch rigidity index, a measure of foot flexibility, was
determined by dividing the standing AHI by the sitting AHI. A value of 1.0 would indicate a
perfectly rigid arch, while smaller values would indicate a more flexible arch.29

Center of Pressure Excursion Index (CPEI)—Paired measurements at both baseline
and follow-up were collected with participants walking barefoot at their preferred gait speed
over either an Emed (N=17) (SF 2016/2, Novel, St. Paul, MN) or a Tekscan (Hugemat 5400,
South Boston, MA) (N=34) pressure plate. Five trials per foot were collected and averaged
to minimize bias in the measurement. Data were collected at 50 Hz on Emed and 60 Hz on
Tekscan with a 15 kPa threshold. Once the distribution of barefoot plantar pressure was
collected, a program, custom-written in Matlab (Version 7.8.0 R2009a, Natick, MA, USA),
was used to calculate the CPEI: lateral displacement of the center of pressure curve from a
reference line drawn from the initial to the final centers of pressure during stance phase of
gait, and standardized to the width of the anterior third of the foot. The CPEI is represented
by a black line in Figure 3.

Statistical Analysis
Statistical analyses were performed using SAS software version 9.2 (SAS Institute Inc.,
Cary, NC) with alpha level set at p<0.05. Participants were categorized by parity level as
first, second or third or more pregnancies as previous data have suggested a threshold may
exist for changes in foot structure and joint laxity26 that occurs in conjunction with a second
pregnancy.

A prospective power calculation, based on a mean ± SD arch height of 63 ± 5 mm, with an
anticipated change of 3 mm when transitioning from sitting to standing in healthy young
women,27 an anticipated clinically significant drop of 4 ± 5 mm within group (i.e. whether
pregnancy led to a persistent drop in arch height), and 5 ± 5 mm between groups (i.e.
whether there is a threshold for parity at which AHI changes more than at other parity
levels), using a one-way ANOVA with Bonferroni’s method of all pair-wise comparisons,
demonstrated that a sample size of 16 participants per group (1st pregnancy, 2nd pregnancy,
and 3rd pregnancy or greater) would have 85% power to detect a reduction in arch height of
at least this magnitude at an alpha level of 0.05. This estimate was conservative, as each
subject contributed two observations to the study, enhancing statistical power to detect inter-
group differences.

Categorical data were summarized with frequencies and percentages and continuous data
were examined with scatter plots and tests for normality prior to summarizing with means
and standard deviations. Linear mixed models for repeated measures (2 limbs and 2 time-
points per participant) were used to assess for a significant change in standing AHI,
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comparing early pregnancy with 19 weeks postpartum, while controlling for age, Beighton
score, weight gain during pregnancy and difference in body weight between baseline and
follow-up (to account for incomplete return to baseline pre-partum weight) in addition to
controlling for covariance between limbs within participants. Parity level (1, 2, ≥3) was
included in models to test the interaction between change over time and parity. A positive
interaction would indicate that there was a differential effect on the degree of change in foot
parameters related to pregnancy number. Similar analyses were completed to assess changes
in foot length, arch drop, arch rigidity index, and dynamic CPEI.

RESULTS
A total of 60 women (mean ± SD age 29.2 ± 4.3 years, and BMI 26.0 ± 5.4 kg/m2) were
enrolled in the study (Figure 1). As shown in Table 1, there were 35, 20, and 5 women in the
1st, 2nd, and 3rd or greater parity groups, respectively. Women on their 3rd or greater
pregnancy were significantly older (p=0.0008). However, there were no significant
differences in BMI, joint laxity score, or gestational age at enrollment, comparing parity
groups. As shown in Table 2, there was an average body mass gain during pregnancy of
14.2±4.3 kg. However, body mass at follow-up was only 2.1±3.5 kg greater than at baseline.
Eleven women discontinued their participation in the study (7 lost to follow-up, 2 reported
lack of time, 1 had a foot injury and 1 due to driving distance). A total of 49 women
completed both the baseline and follow-up visits.

As presented in Table 3, the measurement of foot anthropometrics showed that on average,
there was a significant decrease in arch height and arch rigidity index at follow-up, with
concurrent increases in foot length and arch drop. However, there were no statistically
significant changes in the CPEI between baseline and follow-up (1st pregnancy, 18.4±0.9%
to 18.7±0.9%; 2nd pregnancy, 18.3±1.1% to 18.3±1.1%; and 3rd or greater pregnancy,
18.9±2.6% to 20.5±2.7%). In addition to finding significant differences in the mean change
in each foot parameter, the range of magnitudes and frequencies are depicted in Figures 4A–
4E. Specifically, 30 of 49 women had an increase in foot length (most of them on the order
of 2–10 mm), and 35 of 49 participants had an arch drop (many in the 1–5 mm range), with
similar numbers for reduction in arch height index and arch rigidity.

Analyses of the interaction between parity and change in foot parameters revealed that the
1st pregnancy group primarily drove the overall outcomes reported in Table 3, with smaller
or no significant effects detected in the higher parity groups. In the 1st pregnancy group
(least square mean ± SE), foot length increased by 1.4 ± 0.3 mm (p<0.0001), arch drop
increased by 1.0 ± 0.2 mm (p<0.0001) and arch rigidity decreased by 0.019 ± 0.004
(p<0.0001), without significant change in the other variables. In the 2nd pregnancy group,
arch drop increased by 0.7 ± 0.3 (p=0.0131) and arch rigidity decreased by 0.015 ± 0.006
(p=0.0064), without significant change in the other variables. With these exceptions, there
were not statistically significant changes in the static measures of arch height or dynamic
measures of arch function by parity group, comparing baseline and follow-up visits.

Regarding awareness of foot changes during pregnancy, 11 participants (1st pregnancy N=9)
noticed a change in shoe size and 5 participants (1st pregnancy N=3) noticed a change in
arch height. In addition, 7 participants reported using shoes with arch supports “sometimes”
and 9 participants reported using shoes with arch supports “most of the time” during
pregnancy. Two participants reported discussing concerns about their feet with a physician
during or after their pregnancy. However, there were no statistically significant associations
between self-report of shoe size change, arch height change, or use of arch supports with the
change in arch height index, arch rigidity, foot length or arch drop.
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DISCUSSION
The purpose of this study was to determine whether there are changes in foot structure that
persist following pregnancy, through assessing static (dorsal arch height, foot length, AHI
and arch rigidity index) and dynamic (CPEI) measurements during the first trimester of
pregnancy and 19 weeks postpartum. We hypothesized that a significant reduction in arch
height persists postpartum, evident during static and dynamic conditions. The results of this
study showed a significant decrease in arch height and arch rigidity index, with concomitant
increases in foot length and arch drop. In the “1st pregnancy” group, there was a significant
increase in foot length and arch drop with a reduction in arch rigidity. These findings
suggest that pregnancy is associated with a permanent loss of arch height and rigidity and
that the first pregnancy may be the most significant with the effect being attenuated with
later pregnancies.

The results of the present study are consistent with previous studies assessing structural
changes in the feet during pregnancy15, 16 and postpartum.24 Bohemen and Gendi reported
significant loss of medial arch and increased foot size in two pregnant women with no joint
hypermobility,24 postulating that “The problem may often be so minor as to not cause
concern and this may explain why there have not been any cases reported in medical
journals.” Alvarez et al,16 after serial measurements of the volume, length, and width of the
feet of 17 pregnant women, found significant changes in volume between the 13th and 35th

week of gestation and between the 13th week and eight weeks postpartum. The 0.8±0.5 mm
increase in foot length in that smaller study was not statistically significant, but is consistent
with the findings of the current study. In a recent study, Wetz et al found a significant
increase in foot length, width and volume and a slight decrease in foot height in 40 women
who were seen three different times during pregnancy.15 The foot length increase of 1.8 mm
was greater in magnitude than that detected in our study, likely because the prior study
compared 3rd with 1st trimester of pregnancy, whereas the current study assessed for the
residual change that persists following completion of pregnancy.

Although the mean magnitudes of change were small, the high frequency of arch height loss
was consistent with our prior work, which revealed that pregnancy may lead to a permanent
change in shoe size with a dose-effect for each additional pregnancy detected in that larger
sample.30 The frequencies of increase in foot length and arch drop as well as loss of arch
height and rigidity suggest that there may be sub-groups of women that sustain these lasting
changes with pregnancy and preventive strategies may be best focused on these women.
Interestingly, Beighton laxity score, weight gain during pregnancy, and residual increased
weight following pregnancy were not associated with the outcomes.

The discovery of measurable residual changes in the foot size and structure following
pregnancy is consistent with the findings of a prior self-report study24 and could potentially
suggest a mechanism for increased risk of lower limb musculoskeletal disease in postpartum
women. Loss of arch height has been correlated to calcaneal eversion/inversion (r=0.8),31

and may lead to excessive pronation of the foot. A pronated foot posture causes increased
rotation of the tibia32 that can be communicated across the knee to the femur. The presence
of rotational torques, in turn, can cause shear stress on the medial tibiofemoral and lateral
patellofemoral compartments of the knee. In a cross-sectional study of 1,903 older adults,
limbs with a lower arch height had 1.31 times the odds of ipsilateral knee pain and 1.43
times the odds of medial tibiofemoral cartilage damage in comparison with limbs with a
higher arch height.33 As pronation of the foot with arch collapse has been shown to be
coupled with internal rotation of the hip,34 the persistent loss of arch height with pregnancy
could plausibly lead to alterations in articular contact stress at the knee and hip.
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A possible mechanism for the changes in arch height and rigidity observed with pregnancy
may relate to the combination of increased magnitude and anterior displacement of body
mass in the context of a hormonal milieu known to increase collagen extensibility during
pregnancy. For example, relaxin is a peptide hormone, produced by the placenta and chorion
during pregnancy, which enhances collagen breakdown. Although the role of relaxin in
widening the pubic symphysis and softening the cervix has been better described, it is
believed that this systemic hormone may also contribute to laxity of ligaments in peripheral
joints as well.26, 35 It is therefore conceivable that cumulative weight bearing on feet with
more lax ligaments could lead to permanent changes in the length and competence of those
ligaments.

While most static measurements (foot length, arch height index, arch drop and arch rigidity)
significantly changed, indicating a more flexible/flatter arch following pregnancy, we did
not detect a change in the dynamic measure of foot function, CPEI. It may be that the small
static structural changes were insufficient to alter dynamic loading of the foot. Another
possible explanation relates to the fact that the baseline CPEI values of approximately 18%
were already in a range that could be considered to be over-pronated (closer to pesplanus
feet), so there may have been a “floor effect” in that there may have been insufficient room
to further over-pronate. Alternatively, the larger variability in the CPEI measurement (intra-
subject variability in CPEI of 15–20% over 5 trials on both the Emed and the Tekscan
devices) could have contributed to insufficient sensitivity to detect small dynamic changes,
whereas the static measurements of arch structure were inherently less variable. A larger
sample size or a more sensitive measure, such as 3D motion analysis may be useful in better
clarifying the biomechanical significance of the changes in foot function that persist
following pregnancy.

Interestingly, differing results by parity level were found primarily for the 1st pregnancy
group and to a lesser extent in the 2nd pregnancy group. This may indicate that the greatest
effects occur with the 1st pregnancy or that the relatively low number of participants in the
3rd or greater pregnancy group may have affected the sensitivity to detect a parity threshold.
Alternatively, there may not be a parity threshold, but rather a cumulative effect of multiple
pregnancies.

In summary, there is an abundance of evidence that women suffer disproportionate risk for
numerous musculoskeletal problems that cause suffering in the post-reproductive years. The
results of the present study suggest that pregnancy appears to be associated with a
permanent loss of arch height and rigidity that could potentially lead to abnormal
arthrokinematics in the lower limb and ultimately place atypical stresses on the
musculoskeletal system in postpartum women. The results of this study also suggest the
need to assess whether the use of inexpensive, well-tolerated and widely available arch
supporting orthoses during pregnancy could potentially protect the long-term
musculoskeletal health of women.

CONCLUSIONS
Pregnancy appears to be associated with a persistent loss of arch height and rigidity as well
as greater arch drop and foot lengthening, and the first pregnancy may be the most
significant. These changes in the feet could potentially contribute to the increased risk for
subsequent musculoskeletal disorders in women.
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Figure 1.
Summary of participant involvement
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Figure 2.
Arch Height Index Measurement System (AHIMS) for arch height measurement during
weight bearing and non-weight bearing conditions
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Figure 3.
Measurements of arch function (a) pressure platform (top left), (b) foot pressures during
walking (bottom left), and (c) center of pressure excursion (black line on right)
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Figure 4.
Distribution of changes in (a) foot length, (b) arch drop, (c) sitting Arch Height Index (AHI),
(d) standing AHI, and (e) Arch Rigidity Index (ARI) (Darker shaded bars indicate the
direction of structural loss)
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Table 3

Changes in Foot Anthropometrics for Cohort (least sqare means ± SE and ranges)

Variable Baseline (mean±SD) Follow-up (mean±SD) Difference (mean±SD) (range) p-value

Standing Foot Length (mm) 244.0±1.4 244.7±1.4 0.7±0.2 0.0008*

Sitting AHI 0.368±0.003 0.372±0.003 0.004±0.002 0.0799

Standing AHI 0.336±0.003 0.332±0.003 −0.003±0.001 0.0067*

Arch Drop (mm) 4.7±0.2 5.6±0.2 0.9±0.2 <0.0001*

Arch Rigidity 0.904±0.006 0.885±0.005 −0.019±0.005 <0.0001*

CPEI 18.4±0.7% 18.7±0.7% 0.3±0.7% 0.5095
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