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ABSTRACT

1883

Background and Objective: Human balance requires the coordinated
interaction of sensory and motor systems. Blind and deaf children, due to the lack
of certain sensory inputs, may face challenges in maintaining balance and motor
control. The purpose of this study was to examine and compare the balance
performance of blind, deaf, and typically developing children using the Pediatric
Balance Scale (PBS).

Materials and Methods: This descriptive—comparative study included
purposive samples of blind, deaf, and typically developing children. Balance was
assessed using the PBS, which consists of 14 items related to daily functional
activities. Data were analyzed using the Shapiro-wilk test, one-way analysis of
variance (ANOVA), and Bonferroni post hoc test.

Results: The mean balance scores were 55.14 for typically developing children,
54.63 for deaf children, and 48.25 for blind children. One-way ANOVA indicated
significant differences among the groups (P < 0.001). Post hoc Bonferroni
analysis revealed significant differences between blind and deaf children (P <
0.001) and between blind and typically developing children (P < 0.001), while
no significant difference was observed between deaf and typically developing
children (P = 0.243). These results suggest that visual impairment has a greater
negative impact on balance performance compared to hearing impairment.

Conclusion: These findings indicate that visual impairment has a greater
negative impact on balance performance compared to hearing impairment.
Therefore, the results highlight the need for designing and implementing targeted
educational and rehabilitation programs to improve balance and quality of life in
children with visual impairments.
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Extended Abstract

Introduction

The human balance system is a multisensory network that integrates inputs from the vestibular, visual,
proprioceptive, and cognitive systems to maintain postural stability. This system develops gradually
during childhood and reaches near-adult sensory integration by approximately 12 years of age,
enabling coordinated balance during daily activities. Auditory cues may also contribute to postural
control, particularly when other sensory inputs are limited. Deficits in the auditory or vestibular
systems can reduce balance efficiency and lead to postural and motor impairments (3-5).
Standardized tools such as the Pediatric Balance Scale (PBS), which is adapted from the Berg Balance
Scale, allow precise assessment of children’s balance. The PBS consists of 14 items related to daily
functional activities and demonstrates high reliability and validity.

Children with hearing impairments, particularly those with sensorineural hearing loss, often
experience delays in motor development, impaired postural reactions, and difficulties with spatial
orientation. Blind children show significant reductions in static balance and rely more heavily on
vestibular and proprioceptive inputs, although such compensation is often incomplete. These deficits
may negatively affect functional independence and quality of life. Children with cochlear implants
have been shown to demonstrate improved dynamic balance compared with their peers, emphasizing
the role of auditory input in postural regulation. Typically developing children generally outperform
those with sensory impairments; deaf children show intermediate performance, while blind children
exhibit the lowest balance performance.

Despite existing evidence, few studies have directly compared balance performance among blind,
deaf, and typically developing children. Therefore, this study aimed to fill this gap by using the
Pediatric Balance Scale to evaluate and compare balance performance among these groups, thereby
providing evidence to guide individualized educational and rehabilitation interventions and improve
functional outcomes for children with sensory impairments.

Materials and Methods

This descriptive-comparative study included blind, deaf, and typically developing children aged 6—
12 years. Participants were selected using purposive sampling and participated voluntarily with
parental consent. Ethical approval and permissions were obtained from the Exceptional Education
Department and the Ardabil Education Office. Inclusion criteria were congenital or early-onset
blindness, stable hearing loss without neurological disorders, and healthy children without sensory or
physical impairments. Exclusion criteria included neurological, musculoskeletal, or chronic diseases
affecting balance, recent lower-limb injuries, and lack of cooperation during testing.

Demographic information, including age, sex, height, and weight, was recorded. Medical records
were used to determine the severity and onset of sensory disorders. Balance was assessed using the
Pediatric Balance Scale (PBS), a validated instrument consisting of 14 items scored from 0 to 4, with
a maximum total score of 56. The items include sit-to-stand, weight shifting, single-leg stance, and
360° turns. A familiarization session was conducted before testing. Additional equipment included a
stadiometer, tape measure, 40-cm step, and stopwatch.

Testing was conducted by an experienced assessor following standardized PBS procedures. To
minimize learning effects, the order of test items was randomized, and participants completed a brief
practice session beforehand. The reliability of the PBS was verified through a pre-test involving 10
children from each group, assessed three times on separate days. The ICC (3,3) values indicated
excellent reliability.
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Data were analyzed using SPSS version 15. Descriptive statistics were used to summarize
demographic variables. Data normality was assessed using the Shapiro—Wilk test. One-way ANOVA
followed by Bonferroni post hoc tests was used to compare balance scores among the groups.

Results

The mean and standard deviation (SD) of balance scores for healthy, deaf, and blind children are
presented in Table 1. One-way ANOVA revealed a significant difference in balance performance
among the groups (P <0.001). The mean balance scores were 55.14 + 1.12 for healthy children, 54.63
+ 1.34 for deaf children, and 48.25 + 2.78 for blind children, indicating the highest performance in
healthy children, intermediate performance in deaf children, and the lowest performance in blind
children.

Pairwise comparisons using mean difference tests revealed significant differences between the blind
and deaf groups (-6.38, P < 0.001) and between the blind and healthy groups (-6.89, P < 0.001).
However, no significant difference was observed between the deaf and healthy groups (-0.51, P =
0.243), indicating comparable balance performance between these two groups. These findings
suggest that visual impairment has a greater impact on balance performance than hearing impairment.

Discussion

The present study demonstrated that visually impaired and hearing-impaired children performed
worse on the balance assessment compared with their typically developing peers. Specifically, blind
children showed the lowest balance control, whereas deaf children exhibited intermediate
performance between the blind and healthy groups. These findings indicate that sensory deficits can
directly affect neuromotor function and may increase the risk of falls and injuries. The results are
consistent with previous international studies highlighting the significant influence of sensory
impairments—particularly those involving the visual and vestibular systems—on posture and balance
control in children.

Several studies emphasize the important role of the vestibular system in both hearing and balance. In
children with hearing loss, particularly sensorineural hearing loss, reduced vestibular input can impair
motor coordination, fine and gross motor skills, and increase the risk of falls. This may explain why
deaf children performed worse than healthy peers but better than blind children, as other sensory
systems may partially compensate for balance control. In contrast, visual impairment leads to more
pronounced balance deficits due to the absence of visual feedback. Evidence suggests that blind
individuals rely more on hip strategies rather than ankle strategies for postural control, reflecting
limitations in sensory integration, particularly in dynamic or unstable conditions.

These findings are consistent with the concept of cross-modal plasticity, in which the brain
reorganizes regions deprived of one sensory modality to process inputs from other senses.
Nevertheless, such compensatory mechanisms cannot fully replace visual input, resulting in lower
balance performance among blind children. National studies, such as Rezazadeh and Ali (2013), also
reported weaker physical fitness and balance in blind children compared with deaf and healthy peers,
supporting the present findings.

Furthermore, recent evidence suggests that targeted interventions, including vestibular rehabilitation
and balance training exercises, can significantly improve balance performance in children with
hearing or visual impairments. These findings highlight the importance of implementing
individualized and group-specific rehabilitation programs in special education settings.
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Conclusion

Overall, visual impairment appears to have a more profound and widespread effect on balance than
hearing loss. Nevertheless, hearing impairment can also lead to functional limitations that may be
partially improved through structured exercise and rehabilitation programs. Designing tailored motor
and balance training interventions may enhance postural control, reduce the risk of falls, and improve
the quality of life and social participation of children with sensory impairments.
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Table 4. Comparison of Balance Performance among Blind, Deaf, and Healthy Groups Based on the Total
Scores of the Pediatric Balance Scale (PBS)
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Table 5. Post Hoc Test Results for the Comparison of Balance Performance among Blind, Deaf, and Healthy

Groups
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