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Pregnancy Gait Biomechanics using
Markerless Motion Capture

Introduction

Musculoskeletal pain is a universal
symptom of pregnancy and contributes to
increased anxiety and lower quality of life,
which can increase perinatal complications'.
65% of pregnant individuals report
experiencing lower extremity musculoskeletal
pain spanning across the hip, knee, and
foot/ankle?. Individuals undergo significant
changes  during pregnancy including
increased body mass, postural adjustment, and
circulating hormones that may affect mobility
and contribute to musculoskeletal pain.>*°
However, musculoskeletal biomechanics
during pregnancy is chronically understudied,
and high-throughput patient testing is critical
to identify early predictors of pregnancy
related pain and disability. Markerless motion
capture is a new technique that allows for
participants to wear street clothes and avoid
marker placement, therefore, reducing the
experimental burden of study participants.®
This will be specifically beneficial for our
third trimester pregnant population who will
have stream-lined visits and not be required
to change clothes. Our prior work confirmed
that markerless motion capture has excellent
reliability and correlated strongly with
marker-based motion capture.” The overall
goal of this study was to use markerless
motion capture to compare gait Kinetics,
kinematics, and spatiotemporal parameters of
third trimester pregnant individuals and non-
pregnant controls to identify compensatory
movement strategies during gait. We
hypothesized that markerless motion capture
can detect differences in gait biomechanics
between third trimester pregnant individuals
and non-pregnant controls.

Methods
We recruited a cohort of third trimester
pregnant individuals (n = 22, gestational

week = 35.3 * 1.4 weeks, age = 33.4 + 4.6
years) and a cohort of non-pregnant female
control participants (n = 8, age = 27.5 + 2.2
years) with IRB approval and written informed
consent. Participants performed six walking
trials at their self-selected normal walking

speed over a G-meter distance. We used a
high-definition 8-camera markerless motion
capture system (Optitrack) to quantify gait
biomechanics as we previously described.’
Specifically, we used commercially available
markerless motion capture (Theia 3D) and
biomechanical analysis (Visual3D) software
to compute lower extremity sagittal inverse
kinematics and inverse dynamics for each
stance phase of gait. Using a two-sample t-test
(a = 0.05), we confirmed that normalized
step length, normalized step width, and
walking speed did not differ between study
groups. Confirming consistent walking speed
between groups is important because lower
extremity biomechanics tend to correlate with
walking speed. We used a statistical parameter
mapping two-sample t-test (Spmd1l, a = 0.05)
to compare joint angles and moments of the
control and third trimester participants.

Results

Lower extremity kinematics and kinetics
differed between third trimester pregnant
individuals and non-pregnant controls
(Figure 1). We observed significant increases
in the third trimester pregnant individual’s
hip flexion angle (0-67% of step) and ankle
dorsiflexion angle (0-6%, 32-57% of step),
and significant decreases in third trimester
pregnant individual’s knee flexion angle
(56-89% of step). Additionally, we found
a significant increase in third trimester
pregnant individual’s hip extension moment
(17-51%, 68-100% of step) and early-stance
ankle plantarflexion moment (0-38% of step),
as well as a significant decrease in knee
extension moment (11-45%, 75-93% of step)
and late-stance ankle plantarflexion moment
(56-89% of step).

Discussion
The observed gait adaptations in third
trimester pregnant individuals may be

responses to musculoskeletal pain, postural
adjustment, and ligament laxity that occur
during pregnancy. An increased hip flexion
angle in the third trimester cohort suggests a
compensatory maneuver to maintain normal
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walking speed while experiencing restricted movement due
to mass increase and redistribution, potentially straining
ligaments of the hip (Figure 1, A). Additionally, uterine
growth during pregnancy weakens the abdominal muscles
thus requiring increased activation of the hip extensors
to maintain posture and stability, this is represented by
increased moments during the mid- and terminal stance
phase of gait (Figure 1, B). Decreased knee flexion during
terminal stance corresponds with hyperextension of the
knee due to the anterior shift in the center of mass and
the ligament laxity that occurs during pregnancy and
may contribute to increased knee pain (Figure 1, C). This
change in knee angle is coupled with a significant decrease
in knee extension moment, supporting a compensatory
maneuver to decrease knee loading to avoid painful
symptoms (Figure 1, D). Increased ankle dorsiflexion
during heel strike and midstance may be a result of
increased hip flexion and contribute to changes in the
loading biomechanics of the ankle (Figure 1, E). Pregnant
individuals experienced a higher ankle plantarflexion
moment during heel strike to support an increase and
redistribution of mass to prevent falling, however, these
patients also experienced a significant decrease in ankle
plantarflexion moment during terminal stance to conserve
energy while the plantar flexors are heavily engaged
(Figure 1, F). The body adapts during pregnancy to not
only conserve energy but also protect itself from falling
and pain, and the observed phase-specific compensatory
strategies to accomplish these aims can leads to loading
and extending joints in harmful ways.
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Figure 1. Control and third trimester pregnant cohort
hip flexion angle (A), hip extension moment (B), knee
flexion angle (C), knee extension moment (D), ankle
dorsiflexion angle (E), and ankle plantarflexion moment
(F). Shaded areas represent statistically significant
™ differences between cohorts (p < 0.05).

Significance/Clinical Relevance

Using markerless motion capture allows us to increase
our participant population by lowering the experimental
burden imposed on this population, ultimately increasing
our knowledge regarding compensatory gait strategies
during pregnancy. This opens the door for preventative
treatments and specialized musculoskeletal care for
pregnant individuals to circumvent pain during everyday
actions such as walking.
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