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ABSTRACT

Aging causes physiological changes such as decreased walking speed, influencing
motor control. Obstacle crossing challenges the neuromuscular system and changes the dynamics of the
center of pressure (COP) and center of mass (COM). Analyzing the COP variations and ground reaction
forces (GRFs) during walking is needed to identify movement abnormalities, assess fall risk, and develop
effective interventions to improve quality of life and prevent injuries in middle age. This study aims
to compare the GRFs and variability in COP and COM during normal walking and obstacle crossing in
middle-aged women.

[VETEEE This is a quasi-experimental, causal-comparative study on 24 healthy middle-aged women
(aged 55-64) in Tehran, Iran. Participants were selected using a convenience sampling method. Kinetic
data during obstacle crossing and normal walking were collected using two force plates (AMTI, USA)
and motion analysis cameras (Vero version 2.2, UK). Motion errors were minimized by wearing special
clothes and walking with barefoot. Statistical data analysis was performed in SPSS sofware, version 22.
ST Participants’ mean age, height, and body mass index were 59.31+3.07 years, 157.91+0.03 cm,
and 27.02+3.65, respectively. Significant increases were observed in the COP-COM of the right foot at
the mediolateral (t=-2.79, P=0.009) and anteroposterior (t=-4.21, P=0.001) directions, and in the GRFs
of the right foot at the anteroposterior (t=-8.539, P=0.001) and vertical (t=-3.604, P=0.001) directions
during obstacle crossing, compared to those during normal walking.

There are significant increases in the COP-COM and GRFs during obstacle crossing in middle-
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Introduction

ging is accompanied by various physi-

ological changes, such as decreased walk-

ing speed, commonly seen in older adults.

Examining the onset of these changes
provides insight into the effect of aging on motor con-
trol. Complex activities such as walking, especially in the
presence of obstacles, put more pressure on physiologi-
cal systems, making the changes caused by aging more
visible [3]. Middle-aged women (aged 45-64) experience
significant physical, hormonal, and lifestyle changes, in-
cluding menopause and alterations in body composition
and physical function [4]. They have to balance respon-
sibilities such as work, family roles and personal health.
In midlife, it is crucial to understand the factors that can
affect overall health and quality of life [5].

The gradual decline of the nervous, muscular, skeletal,
and cognitive systems due to aging affects mobility and
walking [1]. Although comparisons between the gait of
young and old people have been made in several studies,
there is a lack of sufficient data on the onset of age-related
changes. The progression of age-related changes in older
adults is expected to become apparent during middle age.
However, middle-aged adults do not exhibit different
gait patterns on the paths without obstacles compared to
younger adults, implying that age-related changes during
middle age do not pose a barrier to maintaining or chang-
ing a fixed gait pattern [6, 7]. Therefore, walking on a path
without obstacles may not be sufficient to reveal changes
in the nervous, muscular, and cognitive systems in middle
age, and more challenging activities are needed to fully
assess the impact of aging on mobility.

Crossing obstacles during walking is challenging, and
it can be more difficult as the obstacle height increases
[8]. During this movement, the individual collects visual
information to accurately adjust foot placement and suc-
cessfully cross the obstacle [9, 10]. Previous studies have
shown that final foot placement prior to the obstacle is
highly controlled in both young and older adults [11-13]
because the placement of the foot closer to the obstacle
increases the risk of falling [9, 11-14]. The obstacle cross-
ing task can thus provide an assessment of gait adaptation
with increasing obstacle height and show gait changes in
middle-aged people that are not evident in walking tasks
on specific paths.
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Walking requires precise coordination between ground
reaction forces (GRF) and body movement characteristics
[3]. Obstacle crossing adds challenges for the neuromus-
cular system as centers of pressure (COP) and mass shift,
altering movement strategies [4, 5]. The COP variability
and GRF measurement during walking are critical for
assessing balance and the risk of falling [15]. Increased
COP variability may indicate trunk instability, while de-
creased COP variability suggests a stable gait pattern [16].
GRF measurements provide information about the forces
exerted by the ground on the body, which is necessary for
understanding gait mechanics and balance problems [17].
This study aims to compare GRFs and variability in COP
and center of mass (COM) during normal walking and
obstacle crossing in middle-aged women.

Materials and Methods

This is a quasi-experimental, causal-comparative study.
Participants were 24 healthy middle-aged women (aged
55-64) in Tehran, Iran. The minimum sample size was
determined using G'Power software, version 3.1.9.2,
considering a test power of 0.8, effect size of 0.25 and
significance level of 0.05 and sampling was done using a
convenience sampling method.

Before the study, participants were informed about the
study objectives, test protocols and safety measures and
signed a consent form. Then, their personal information,
including age, surgical history, dominant leg, height and
weight, were recorded and inactive markers were placed
on the limbs. Kinetic data during obstacle crossing were
collected using two force plates (AMTI, USA) and mo-
tion analysis cameras (Vero version 2.2, UK), captur-
ing GRFs and COP movements. The participant’s right
foot was placed on the first force plate and left foot on
the second force plate (crossing the obstacle), defining a
complete walking phase from heel strike to toe-off. Par-
ticipants were asked to walk with a normal speed and pat-
tern. During walking, the gait speed was recorded using a
speedometer. A barefoot condition was used to eliminate
footwear-related biases during analysis.

Descriptive statistics, including frequency, percentage,
mean, and standard deviations, were used to describe the
data. The Shapiro-Wilk test was used to assess the nor-
mality of data distribution, and independent t-test was
used to analyze the data in SPSS software, version 22.
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served during obstacle crossing in COP-COM of the right
foot at mediolateral (t=-2.79, P=0.009) and anteroposte-
rior (t=-4.21, P=0.001) directions compared to those dur-
ing normal walking. Furthermore, there were significant
increases in GRFs of the right foot in the anteroposterior
(t=-8.539, P=0.001) and vertical (t=-3.604, P=0.001) di-
rections during obstacle crossing compared to those dur-
ing normal walking. No significant difference between
normal walking and obstacle-crossing tasks was found in
GRFs at the mediolateral direction (P=0.9).

Conclusion

There are significant changes in the COP-COM and
GRFs during obstacle crossing in middle-aged women,
possibly due to the need for balance adjustment and
movement control during obstacle crossing. Further stud-
ies using advanced analyses and diverse populations are
recommended to better understand these changes.
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