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Abstract

AW Background and Aim: The present study aimed to investigate the effect

of vestibular disturbances on lower limb joint angles during walking in
healthy, active children.
Methods: The present study was conducted on 30 boys aged 7 to 11 years
in Tehran who were selected for the study using convenience sampling.
The subjects walked a 12-meter path in the laboratory under four different
sensory conditions (walking with eyes open, walking with eyes closed,
walking with eyes open with vestibular disturbance, and walking with
Walking, eyes closed with vestibular disturbance). The angles of the hip, thigh,
knee, and ankle joints were recorded and extracted using Vicon cameras
and marker placement. Data analysis was performed using repeated
Active children measures analysis of variance with a significance level of (p<0.05).
Results: The results of the study showed that a significant effect was
observed in the ankle joints (sagittal P=0.001, frontal P=0.000, horizontal
P=0.000), knee (sagittal P=0.043, frontal P=0.002, horizontal P=0.000),
thigh (sagittal P=0.000, frontal P=0.000, horizontal P=0.000), and hip
(sagittal P=0.000, frontal P=0.047, horizontal P=0.000).
Conclusion: The results obtained indicate the need to strengthen the
vestibular sense in children who are at higher risk. Therefore, it can be
concluded that vestibular disturbances can change the range of motion by
changing the angles of the joints and the walking pattern, which is an
indication of the compensatory mechanism of maintaining balance.
Ultimately, changes in range of motion, a risk factor for imbalance, can
lead to injury.
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Extended Abstract

Introduction

Walking is a complex task that requires the
functional coordination of multiple biomechanical
variables. Modification of gait patterns is
recommended as part of rehabilitation protocols
(1). Therefore, biomechanical variables in gait are
of clinical importance, as they are useful for
providing feedback to evaluate the effects of
treatment and to plan rehabilitation exercises (2).

Variability in gait range of motion is associated
with various injuries, such as falls, concussions,
and fractures. Since changes in joint motion angles
reflect gait adaptation, they have been used to
describe the quality of gait patterns and dynamic
stability (2). In addition, all activities of daily
living require balance control. Balance is the result
of the cooperation of different systems, including
the sensory and motor systems. Therefore, the
proper functioning of these systems leads to the
maintenance of proper posture and the prevention
of balance disorders (4). Children with vestibular
system problems may not know where their bodies
are in space, may lose their sense of balance, and
may be unable to control their bodies (5).

Therefore, physical activity in children
contributes to their growth and quality of life in
adulthood, and neglecting posture and balance
during childhood may cause irreparable damage to
their health in adulthood (10).

Method

The statistical population of this study included
active children aged 7 to 11 years in Tehran who
had regularly participated in three exercise sessions
per week during the previous six months. G*Power
sample size estimation software showed that, for a
statistical power of 0.80, an effect size of 0.50, and
a significance level of 0.05, a sample size of at least
24 participants was required (12). Therefore, 30
participants were selected from the statistical
population using the convenience sampling
method. During the initial screening for eligibility,
it was confirmed that the participants were free of
any diseases, postural abnormalities, or lower-limb
injuries at the time of testing. After preparation, the
participants were asked to walk along the
designated path. Each participant walked the
designated path six times, and the data for each
participant were recorded. One day after the pre-
test, all participants returned to the laboratory.
After preparation, the post-test procedure was
explained to them, and following their agreement,
the post-test was performed. First, each participant
stood on a turntable placed on the ground and
completed five clockwise and five

counterclockwise rotations. Immediately after
stopping, the participant walked along a 12-meter
path. As in the pre-test, each participant completed
this task six times along the designated path, and
the corresponding data were recorded.

Results

The participants' characteristics are presented in
Table 1. Table 2 presents the mean and standard
deviation of the lower-limb joint angles in three
planes (sagittal, frontal, and transverse) under four
conditions (eyes open without disturbance, eyes
closed without disturbance, eyes open with
disturbance, and eyes closed with disturbance).
According to the diagram, the greatest effect of
vestibular disturbance on joint angles occurred in
the eyes-open condition with disturbance.

A significant effect was observed in the joint
angles across all planes under the eyes-open
condition with disturbance. For example, in the
sagittal plane, there was a decrease in the range of
motion of the knee joint (reduced knee flexion) and
an increase in the range of motion of the ankle joint
(decreased dorsiflexion and increased plantar
flexion). These findings confirm the presence of
differences in joint angle changes during the
walking cycle under vestibular disturbance
compared with walking without disturbance. Some
joint angles changed following the disturbance, and
the movement pattern of the joints changed during
walking, whereas some other changes remained
uncompensated.

Discussion

According to the findings of the present study,
the imbalance caused by vestibular disturbances
appears to alter joint angles during walking, which
may disrupt walking patterns over time. Changes
in joint angles highlight the importance of these
joints at different movement planes, and greater
attention to these changes may help prevent
injuries and subsequent complications.

Changes in joint angles alter walking
mechanics; consequently, energy expenditure and
shock absorption are also affected. However, the
findings suggest the importance of paying attention
to strengthening this sense in children who are
exposed to fewer risks. The results also showed
that removing visual input during walking without
vestibular disturbance did not cause significant
changes in joint angles. However, vestibular
disturbances altered lower-limb joint angles across
different planes, resulting in changes in gait-related
parameters, reduced balance, and an increased risk
of falls and subsequent complications.

Therefore, it can be concluded that vestibular
disturbances may alter the range of motion by
changing joint angles and walking patterns,
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reflecting a compensatory mechanism for
maintaining balance. Finally, changes in the range
of motion are a risk factor for imbalance and may
lead to injury.
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Joint plane ss(;ll:l:u?efs gz%;zz:)f Mean squares F Sig
Sagittal 67.78 2.52 24.88 9.58 0.000"
Pelvis Frontal 25.67 2.43 10.55 2.98 0.047"
Horizontal 79.56 2.93 27.15 9.09 0.000"
Sagittal 139.94 2.50 5591 7.81 0.000"
Hip Frontal 58.47 2.77 21.07 8.57 0.000"
Horizontal 103.36 2.46 41.91 21.01 0.000"
Sagittal 61.42 2.88 21.32 2.55 0.043"
Knee Frontal 23.61 2.31 10.18 6.33 0.002"
Horizontal 119.53 2.61 45.7 24.26 0.000"
Sagittal 48.53 2.62 18.5 7.14 0.001"
Ankle Frontal 270.9 1.02 264.03 1.098 0.000"
Horizontal 270.43 2.77 97.36 29.92 0.000"

* significant difference (p<0.05)
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