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Introduction: The vestibular system is one of the components of balance maintenance, and
its disruption can affect the biomechanics of walking. The aim of the present study was to
investigate the effect of vestibular disorders on spatiotemporal parameters of gait in children
aged 7 to 11 years.

Materials & 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. Subjects walked a 12-
meter track in the laboratory under four different sensory conditions (walking with eyes open,
walking with eyes closed, walking with eyes open with vestibular perturbation, and walking
with eyes closed with vestibular perturbation). Spatio-temporal parameters, including cadence,
walking speed, stride length, step length, step time, and step width as a percentage of the length
of the walking cycle, were recorded and measured through Vicon cameras. Data analysis was
done using ANOVA with repeated measures with significance level (p<0.05) in SPSS V.22.

Results: The results showed that in the indices of stride length (p=0.001), stride time
(p=0.001), step length (p=0.001), step time (p=0.001), walking speed (p=0.008), and cadence
(p=0.001), a significant effect was observed between different conditions, while no significant
effect was observed between different conditions in the step width index (p=0.110).

Conclusion: Vestibular disturbances can alter the biomechanics of the lower limb, which
causes changes in parameters related to walking, thereby reducing balance and increasing the
risk of falls and subsequent complications. Vestibular disturbances can enhance motor
efficiency by altering spatio-temporal parameters and walking patterns, indicating a
compensatory mechanism for maintaining balance.
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Introduction

be a simple and automatic action, but in fact it
requires a complex coordination between the

The vestibular system, as one of the main
components of the body's balance system, plays
an indispensable role in maintaining posture
stability, controlling eye movements, and
spatial orientation (1). This complex system, by
receiving information from the inner ear and
processing it in the brain, allows us to maintain
our balance and make precise and coordinated
movements even in challenging environmental
conditions (2). Disorders in this system, which
can be caused by various factors such as
infections, trauma, or  developmental
abnormalities, can severely affect the
biomechanics of walking (3). Walking seems to

visual, vestibular, and proprioceptive systems
(4). In children, weakness or defects in the
vestibular system can lead to problems such as
clumsiness, problems with motor coordination,
and an increased risk of falling (5). Given the
importance of walking as a fundamental skill in
daily life and its direct impact on quality of life,
the present study was conducted with a dual
objective: 1) to accurately assess the immediate
effects of vestibular disorders on spatiotemporal
parameters of walking (such as stride length,
speed, and cadence) in active children aged 7 to
11 years and 2) to investigate the compensatory
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The effect of vestibular disturbanceson ......

mechanisms that the body uses to maintain
balance in the face of vestibular challenges
(1).This study attempts to fill the existing
knowledge gap in the field of the specific effects
of vestibular disorders on children's walking
patterns and provide a basis for future
rehabilitation interventions.

Methods

This experimental study was conducted
with a within-group design on 30 healthy active
boys, aged 7 to 11 years, from Tehran. Strict
inclusion and exclusion criteria, including the
absence of underlying diseases, structural
abnormalities, visual or  neuromuscular
problems, and the absence of pain in the lower
extremities, ensured the homogeneity of the
sample group. The mean age of the subjects was
8.9 years with a standard deviation of 0.7, and
the mean weight was 29.4 kg with a standard
deviation of 2.2. The sample size was
determined to be at least 34 people using
G*Power software with a statistical power of
0.8, an effect size of 0.50, and a significance
level of 0.05, but due to existing limitations, 30
people were selected using the convenience
sampling method. The experimental protocol
consisted of four controlled conditions in which
each subject participated: 1) walking with eyes
open and no stimulation (control condition), 2)
walking with eyes closed and no stimulation (to
assess the role of vision), 3) walking with eyes
open and vestibular stimulation, and 4) walking
with eyes closed and vestibular stimulation.
Vestibular  stimulation was induced by
performing five rapid clockwise rotations and
immediately five counterclockwise rotations
before starting walking to challenge the
vestibular system. Subjects walked a 12-meter
path, and spatiotemporal gait parameters
(including stride length, stride time, step length,
step time, stride width, gait speed, and cadence)
were recorded using a Vicon motion analysis
system equipped with WebKit cameras and
specialized software with a high sampling rate.
After filtering with a Butterworth level 2 filter
with a cutoff frequency of 6 Hz, the raw data
were extracted using Vicon Nexus software and
then entered into SPSS version 22 for statistical
analysis. The Kolmogorov-Smirnov (K-S) test
was used to check the normality of the data
distribution. To compare the means of the
variables in four different conditions, analysis of
variance with repeated measures was used, and
in case of significant differences, the Bonferroni

post hoc test was used for pairwise
comparisons. The statistical significance level
for all tests was set at P<0.05 in SPSS V.22.

Results

The results of the present study showed
that vestibular disorders have a significant effect
on spatiotemporal parameters of gait in children
aged 7 to 11 years. Statistical analyses revealed
significant differences in stride length (P=0.01),
stride time (P=0.001), step length (P=0.001),
step time (P=0.001), gait speed (P=0.001), and
cadence (P=0.008) between the different
experimental conditions. In other words, when
the vestibular system was affected, children
changed their gait pattern in a way that indicated
an attempt to maintain balance. Interestingly,
closing the eyes alone (without vestibular
stimulation) had no significant effect on any of
these parameters (P>0.05), indicating the high
ability of children to use the vestibular system
to compensate for the lack of visual information.
The only parameter that did not show a
statistically significant change (P=0.110) in any
of the studied conditions was stride width, and
it remained constant. These findings generally
confirm that vestibular disorders can affect
motor efficiency by changing the spatial and
temporal parameters of gait, which indicate
compensatory mechanisms for maintaining
balance.

Conclusion

The results of this study clearly
demonstrate that vestibular disturbances have a
significant impact on spatiotemporal gait
parameters in active children aged 7 to 11 years.
These findings not only emphasize the pivotal
role of the vestibular system in maintaining
dynamic balance but also reveal the body's
compensatory strategies in the face of balance
challenges. The observation of decreased
walking speed, shortened steps, and increased
ground contact time under vestibular
stimulation all support the body's attempt to
increase stability and reduce the risk of falls.
These patterns reflect an innate defense
mechanism in which the motor system attempts
to maintain posture stability and continue safe
movement by adjusting itself. Importantly, the
removal of visual input alone (without
vestibular  disturbance) did not produce
significant changes in gait, which is evidence of
the high power and efficiency of the vestibular
system in children to compensate for the lack of
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other sensory information. However, when the
vestibular system is disrupted, the body is
forced to make significant changes in gait
patterns. These changes, although acting as a
compensatory mechanism, can lead to
inefficient gait patterns in the long term and
affect the quality of the individual's movement.
Therefore, considering the results obtained, the
necessity of paying attention to the assessment
and strengthening of the vestibular sense in
children is emphasized. Such an approach can
not only help improve motor efficiency and
balance in childhood but also promote
individual health and independence throughout
life by reducing the risk of falls and their
subsequent complications in older ages.
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