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Abstract

Background and Objectives: Balance weakness and changes in the walking pattern of
deaf children due to vestibular disorders have been clarified by past studies. This study
aimed to investigate static balance and walking in sensorineural deaf children with two
methods of linear and non-linear assessment of posture control.

Materials and Methods: This descriptive study was conducted on 20 hearing and
healthy boys (10.80+1.46 years old) and 20 boys with deafness greater than 75 dB
(11.30+1.89 years old). Static balance was evaluated during tandem stance and with
feet together on an unstable surface using a force plate. Kinetic and kinematic variables
of gait were also investigated. The independent and dependent t-tests were used to
assess the inter-group and between-group differences in SPSS21 software with p < 0.05.
Results: The results of static balance showed a significant difference between groups in
linear variables. The amount of sway, path, area, and speed of the center of pressure
movement in the deaf was significantly higher than that in the control group (P<0.05).
However, entropy (non-linear evaluation) was only significant in the medial-lateral
direction of tandem test (P<0.05). Lower gait speed and an increase in the medial-lateral
component of the ground reaction force were observed in the deaf (P<0.05).
Conclusion: According to the results, the evaluated linear variables were more sensitive
to deafness and vestibular system disorder than the nonlinear variable. Entropy is a sign
of variability and irregularity in a person's performance; therefore, deaf people may be
more likely to be vulnerable in the medial-lateral direction due to more irregularity in
this direction.
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Extended Abstract

Background and Objective

Static and dynamic balance play a crucial role in
the development of fundamental motor skills in
children. To maintain balance and posture control,
the nervous system processes a lot of information
collected by visual systems, deep sensory receptors
located in the skin, muscles, and joints, and the
vestibular system. The vestibular system plays a
fundamental role in many motor tasks and in
maintaining postural stability.

Hearing loss significantly impacts communication,
psychology, and quality of life. Cochlear and
vestibular systems are related in terms of growth,
structure, and function, as well as neural pathways.
Therefore, hearing impairment leads to vestibular
dysfunction and, consequently, weakness in
balance performance.

Studies indicate that children with severe vestibular
system disorders experience motor and perceptual
delays, particularly in head control, walking, and
independent sitting.

One of the standard methods for evaluating postural
control is the use of the Center of Pressure (CoP),
which is recorded by a force plate in a laboratory
environment. However, since postural control is a
dynamic process that changes over time, linear
analysis of CoP data is not sufficient to capture all its
complexities. Nonlinear evaluation using sample
entropy can capture regularity and variability in a time
series, which indicates the degree of adaptability and
maturity in the motion control system.

This study aims to answer the following questions:
Are the results obtained by linear variables in static
balance and gait in sensorineural consistent with
the results of nonlinear evaluation? Is the variability
of CoP movements different in deaf individuals and
the control group? Do spatiotemporal parameters
differ significantly between the two groups?

Materials and Methods

The statistical population of this study consisted of
deaf children with vestibular disorder and hearing
children residing in the city of Hamedan. Using G-
Power software with 80% power and 0.05 alpha,
the minimum number of individuals in each group
was estimated to be 18. Therefore, by referring to
the exceptional school for the hearing-impaired in
Hamedan and using the targeted sampling
method, 20 deaf boys who volunteered to
participate in this study were selected as the
experimental group. Then, by referring to Shahid
Maghsoudi and Sadr schools in Hamedan and
using the cluster sampling method, 20 boys with
healthy  hearing and  similar  physical
characteristics such as height and weight were
selected as the control group. The criterion for
entry for deaf participants was being in the age
range of 8 to 14 years and having a sensory-neural
hearing disorder greater than 75 dB. This criterion
for the control group was not having a history of
hearing impairment and neuromuscular disorders
related to balance. In the case of the presence of
neuromuscular and orthopedic diseases and upper
and lower limb injuries in the past vyear,
uncorrected visual impairment, and a history of
taking drugs that affect balance, individuals were

excluded from the study. This study was
conducted in 2022 at the Biomechanics
Laboratory of the Islamic Azad University,
Hamedan Branch.

The three-dimensional motion analysis device Vicon
(Vicon Peak, Oxford, UK) with four T20 series
cameras and markers attached to the subjects’ lower
limbs was used to perform the imaging tasks at a
frequency of 100 Hz. At the same time, two Kistler
force plates (Type 9281, Kistler Instrument AG,
Winterthur, Switzerland) synchronized with the
cameras were used to record kinetic data at a
sampling frequency of 1000 Hz. Kinematic and
kinetic data were analyzed using Nexus 1.8.5 and
Polygon 4.3 software. The measured balance
parameters included sample entropy, CoP deviations
and oscillations, speed, path, range, and surface of
CoP movements in the medial-lateral (ML) and
anterior-posterior (AP) planes. All stages of data
analysis were performed using SPSS software version
21 with a significance level of P<0.05.

Results

In tandem standing position, the results showed that
the values obtained in all linear variables in the
experimental group were significantly higher than
the control group (P<0.05); while the difference in
sample entropy (nonlinear CoP assessment) in the
two groups was only significant in the ML direction
(P=0.045).

The comparison of the two postural states in the deaf
group showed that there was no significant within-
group difference in linear variables (P>0.05);
however, a significant difference was observed in the
amount of entropy in both directions (P=0.011 in AP
and P=0.015 in ML). The results regarding the selected
spatiotemporal variables showed that the walking
speed in the deaf group was significantly lower than
the control group (P<0.05); the results of the nonlinear
assessment (entropy) in GRF components indicated
the presence of a significant difference in the
mediolateral component, the value of which was
higher in the deaf group than the control group
(P<0.05). No significant difference was observed in
other components (P>0.05).

Discussion

The linear variables assessed showed that the
balance in the deaf group was significantly less than
the control group. Considering the standing
posture, it seems that the increased oscillations in
the ML direction are due to how the feet are
positioned, leading to the individual's movement in
the ML direction. However, the important point in
the results of this study, consistent with the above
results, is the significant intergroup difference in the
entropy value and in the ML direction. Therefore,
both linear and nonlinear evaluations in this regard
are consistent.

Based on the results, the entropy value in the
control group was lower than in deaf children;
however, in most cases, their difference was not
significant. Therefore, it may be concluded that
in vestibular dysfunction, linear assessments are
more sensitive to balance relative to entropy. The
difference  between the two groups in
spatiotemporal variables showed that the walking
speed in the deaf group was significantly less than
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in the control group; however, no significant
difference was observed in step length. Similar
results have been found in previous studies on the
walking of deaf individuals.

Studies on increasing or decreasing variability
(complexity theory) in relation to the adaptability
and adaptability of behavior have shown that
illness and aging lead to decreased variability.
Variability in adaptive behaviors is not
necessarily synonymous with "good" or "bad"
control solutions. In the past, our understanding
of variability indicated impairments or diseases
that alter motor control patterns, but recent

studies have shown that some variability is
usually necessary to adapt to environmental
constraints and successfully perform movements.

Conclusion

The linear assessment results of this study indicated
that the control of posture is affected by sensory-
neural hearing impairment. While the difference
between the two groups was significant in almost
all linear variables, the nonlinear assessment
(sample entropy) showed that the control of posture
in the mediolateral direction is impaired in deaf
children during static balance and gait.
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