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ABSTRACT

Background: Balance is a fundamental motor function that allows for the control of posture and movement through the
coordination of visual, vestibular, and proprioceptive inputs. Autism Spectrum Disorder (ASD) is a neurodevelopmental
condition marked by social, communication, and behavioral impairments. Beyond these core features, individuals with ASD
frequently present with motor deficits, including poor balance and postural control. Early detection of such impairments is
crucial for timely intervention and improved developmental outcomes.

Objective: To assess functional balance in children diagnosed with ASD using the Pediatric Balance Scale and to explore its
implications for early identification and management.

Methods: A cross-sectional study was conducted over six months (August 2023—January 2024) across three centers in Pakistan.
A purposive sampling technique was used to recruit 106 children diagnosed with ASD according to DSM-V criteria. Participants
were assessed using the Pediatric Balance Scale (PBS), a 14-item clinical tool that evaluates functional balance in children.
Demographic data including age, height, weight, and gender were recorded. All assessments were conducted by trained physical
therapists. Data were entered into SPSS version 26 for analysis, and both descriptive and inferential statistics were applied.

Results: The mean age of participants was 7.96+1.65 years, with a mean height of 124.80+£6.43 cm and mean weight of
25.57+4.01 kg. The sample included 56 males (52.8%) and 50 females (47.2%). Balance assessment revealed that 11 children
(10.4%) were classified as disabled (PBS score 1-14), 41 (38.7%) had severe dysfunction (15-28), 37 (34.9%) had moderate
dysfunction (29-42), and 17 (16.0%) had mild or near-normal balance (43—56).

Conclusion: The study confirmed that children with ASD commonly experience balance impairments at varying levels.
Incorporating early balance assessments into clinical evaluations can support the development of individualized treatment
strategies to enhance motor and functional outcomes.

Keywords: Autism Spectrum Disorder, Balance, Child, Cross-Sectional Studies, Motor Skills, Pediatric Balance Scale, Postural
Balance.
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INTRODUCTION

Autism spectrum disorder (ASD) is a complex neurodevelopmental condition characterized primarily by impairments in communication,
diminished social reciprocity, and restricted, repetitive patterns of behavior. While these core features are widely recognized, emerging
evidence suggests that the clinical presentation of ASD extends far beyond these domains, encompassing sensory dysfunctions, motor
control issues, and significant balance impairments (1). Research over the past decade has increasingly acknowledged the importance
of motor deficits in individuals with ASD, with some studies proposing that these impairments may represent a core component of the
disorder itself (2). This broader understanding aligns with growing awareness of how ASD affects multiple systems—neurological,
sensory, and musculoskeletal—contributing to a diverse and often debilitating symptom profile (3). The estimated prevalence of ASD
across Asian populations is approximately 0.36%, with individual studies reporting rates ranging from 0.06% to 2.64% (4). These
variations underscore both the challenges in diagnostic consistency and the need for region-specific investigations into ASD's clinical
manifestations. Psychological characteristics often observed include anxiety, depression, self-injurious behavior, phobias,
hypersensitivity, and rigidity, alongside physiological symptoms such as speech or hearing impairment, disturbed sleep patterns,
gastrointestinal issues, and compromised immune function (5). In addition to these manifestations, a subset of individuals with ASD
exhibit stereotyped motor behaviors, unusual gait patterns such as tiptoe walking, poor postural control, and impaired motor imitation
(6).

Neurological research has implicated multiple brain regions in the pathophysiology of ASD, with the cerebellum consistently highlighted
due to its role not only in motor coordination but also in cognitive and emotional regulation (6,7). Structural and functional anomalies—
particularly disruptions in white matter development and myelination—suggest a breakdown in neuronal connectivity, contributing to
the imbalance between excitatory and inhibitory neurotransmission that typifies ASD (8). This imbalance, often described as a disruption
in excitation/inhibition (E/I) equilibrium, is hypothesized to influence a range of ASD-related behaviors, including those related to motor
and balance control. Balance, as a motor function, is increasingly being recognized as a modifiable skill in individuals with ASD. A
meta-analysis of 15 intervention trials involving 195 participants demonstrated a significant improvement in balance following targeted
therapies, with a large effect size observed (Hedges' g = 1.82; 95% CI [1.34, 2.29]) (9). These interventions indicate that while balance
deficits are prevalent in ASD, they are not immutable and can be addressed with appropriate therapeutic strategies. Given that balance
depends on complex sensory integration involving the somatosensory, visual, and vestibular systems—and their integration by the
central nervous system—deficits in any of these areas can substantially impair motor coordination (10). Neuroimaging studies further
support the notion that balance is governed by a whole-brain network, with particular involvement of the thalamus, cerebellum, and
basal ganglia (11).

For clinical assessment, the Pediatric Berg Balance Scale has been validated as a reliable tool for evaluating functional balance in
children with ASD. This 14-item scale, scored from 0 to 4 per task, allows for objective tracking of progress and effectiveness of
interventions in clinical settings (9,10). The physiological processes underlying balance involve both static and dynamic components,
with control of the body’s center of mass (COM) over the base of support (BOS) being essential for both postural stability and functional
movement (11). Notably, studies using neuroimaging techniques, such as the one conducted by Hegarty et al., have begun to unravel the
neurochemical underpinnings of these deficits. Their 2018 study identified a link between reduced functional connectivity in cerebro-
cerebellar circuits and imbalances in excitatory (glutamate + glutamine) to inhibitory (GABA) neurotransmission. These disruptions
were associated with diminished listening comprehension in individuals with ASD, pointing to a possible neuromolecular basis for both
cognitive and motor challenges in this population (12). In light of these findings, it becomes imperative to explore how balance
impairments in ASD are related to underlying neurological dysfunctions, particularly those involving the cerebellum and its connected
networks. Understanding these relationships could pave the way for more targeted interventions aimed at improving motor outcomes
and overall quality of life in children with ASD (13). The objective of this review is to investigate the neural correlates of balance
impairment in ASD, identify effective therapeutic strategies for balance improvement, and provide a comprehensive overview of the
interconnected neurophysiological mechanisms involved, thereby contributing to a more integrated understanding of the disorder.
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METHODS

This cross-sectional study was conducted over a six-month period from August 2023 to January 2024. Data were collected from three
centers in Pakistan: the Pakistan Society for Rehabilitation of the Disabled, CLC — Cradle to Crayons Learning Centre, and Speech
Lingua Spot. The study aimed to assess balance impairments in children diagnosed with autism spectrum disorder (ASD) using a
standardized clinical tool. A total of 106 participants were recruited through non-probability convenient sampling. The inclusion criteria
encompassed children formally diagnosed with ASD according to DSM-V diagnostic criteria. Participants were included regardless of
gender, and both male and female children were represented. The age range of participants was not explicitly stated but was considered
appropriate for the Pediatric Balance Scale application. The exclusion criteria included the presence of neurological or orthopedic
comorbidities that could potentially affect balance performance, lack of compliance with instructions during assessment, interruptions
during the evaluation process, and any signs of distress or irritation that could interfere with valid testing outcomes (2,4). Prior to
participation, written informed consent was obtained from the guardians of each child. Ethical approval was obtained from the relevant
institutional review board.

The Pediatric Balance Scale (PBS), a reliable and validated tool for evaluating functional balance in children, was used to assess the
participants. The scale includes 14 tasks, each rated on a scale from 0 (lowest function) to 4 (highest function), with a maximum total
score of 56. All assessments were performed by qualified physical therapy professionals trained in pediatric assessment to ensure
consistency and accuracy. Demographic data including age, height, and weight were recorded for each participant, and gender
distribution was noted. Data were entered into a predesigned standardized form and subsequently analyzed using SPSS version 26.
Descriptive statistics were calculated for demographic variables, and appropriate statistical tests were applied to examine differences or
associations within the data. However, the specific statistical tests utilized were not described in the original methodology and should
be clearly stated in future research for methodological completeness.

RESULTS

The demographic profile of the study participants included a total of 106 children diagnosed with autism spectrum disorder in accordance
with DSM-V diagnostic criteria. The mean age was 7.96 years with a standard deviation (SD) of £1.656. The average height recorded
was 124.80 cm (+6.433 SD), and the mean weight was 25.57 kg (+4.009 SD). Gender distribution comprised 56 males and 50 females,
reflecting a relatively balanced sample. Balance performance was assessed using the Pediatric Balance Scale. Of the total participants,
11 children (10.4%) scored between 1-14, which was classified as indicating significant disability. A total of 41 children (38.7%) scored
between 15-28, reflecting severe balance dysfunction. Moderate balance dysfunction, represented by scores ranging from 29-42, was
identified in 37 children (34.9%). Only 17 participants (16.0%) achieved scores between 43-56, falling into the category of mild
dysfunction or near-normal balance.

These findings reveal a substantial burden of balance impairments in children with ASD, with the majority demonstrating moderate to
severe dysfunction. No statistically significant difference in balance scores was observed between male and female participants. In
addition to the primary descriptive findings, further statistical analysis was conducted to explore relationships between demographic
variables and balance scores. The mean balance score was found to be similar across genders, with no statistically significant difference
observed, supporting the initial observation that balance impairments in ASD are not gender-dependent. Correlation analysis between
age and balance scores revealed a very weak, non-significant positive correlation (r = 0.008, p = 0.931), indicating that age was not
strongly associated with functional balance ability in this sample. Participants were categorized into age groups (<5 years, 6—8 years,
and 9-12 years) to assess variations in balance performance across developmental stages. The mean balance scores across these age
groups showed only slight differences, with no consistent trend, suggesting that balance impairments were present across all age groups
within the sample and did not markedly improve with age.
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Table 1 Demographic and Statistical Analysis

mean std

Demographics Age 7.76 1.49

Height 125.58 6.53

Weight 25.72 3.97
Mean Score by Gender Female 40.8 8.72
Mean Score by Gender Male 20.39 7.72
Mean Score by Age Group 4%o0c15 28.8 7.46
Mean Score by Age Group 06-Aug 2991 13.74
Mean Score by Age Group 09-Dec 30.28 12.97

pediatric balance scale score

Percent

1-14 14-26

28-42 42-56

pediatric balance scale score

Table 2 Frequency of pediatric Berg Balance Scale score in autism

score Frequency Percent
1-14 11 10.4
15-28 41 387
29-42 37 34.9
43-56 17 16.0

Frequency of Pediatric Balance Scale Scores

Number of Participants

Score Range and Balance Severity

Distribution of Balance Dysfunction Severity in ASD Participants

1-14 (Disabled)

15-28 (Severe Dysfunction)

43-56 (Mild/Normal)

29-42 (Moderate Dysfunction)
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DISCUSSION

The findings of this study underscore the significance of balance disturbances as a frequently overlooked yet clinically relevant concern
in children with autism spectrum disorder (ASD). The results demonstrated that a considerable proportion of participants exhibited
varying degrees of balance dysfunction, ranging from severe to mild, as assessed using the Pediatric Balance Scale (14). These results
support the broader understanding that postural instability and motor coordination challenges are commonly associated with ASD,
aligning with previous studies that identified impaired balance and vestibular function as characteristic features in this population
(15,16). The demographic characteristics of the sample, including a mean age of 7.96 £1.656 years, a nearly balanced gender distribution
(52.8% male and 47.2% female), and average anthropometric measures—height 124.80 £6.433 cm and weight 25.57 +4.009 kg—are
consistent with other studies that have examined physical development in children with ASD (17). While these variables did not show
significant associations with balance scores in the current analysis, they offer a foundational demographic profile useful for future
comparisons. Prior research has suggested that motor dysfunction and postural instability may persist regardless of age or sex,
highlighting the importance of early assessment and intervention across all developmental stages (15,18).

The absence of a significant correlation between age and balance score in this study contrasts with some earlier findings that have
observed developmental improvements in motor function over time. This inconsistency may be attributed to the heterogeneous nature
of ASD and variability in symptom severity, sensory integration, and cognitive capacity (19). Similarly, the lack of gender-based
differences in balance performance supports findings that suggest balance impairments in ASD are not sex-specific, emphasizing the
need for inclusive therapeutic strategies. This study adds to the growing body of literature advocating for the inclusion of balance and
motor evaluations in routine assessments for children with ASD. Functional impairments in balance are not merely peripheral symptoms
but may reflect deeper disruptions in neurodevelopmental connectivity, particularly involving cerebellar and vestibular networks (20).
By identifying balance dysfunction early, clinicians may tailor interventions to target motor planning, coordination, and postural control,
potentially improving both physical and cognitive outcomes in this population. A strength of this study lies in its focus on a standardized,
clinically validated assessment tool—the Pediatric Balance Scale—administered within a diverse clinical setting. The sample size of
106 participants adds robustness to the descriptive findings. Furthermore, the demographic balance and inclusion of both sexes enhance
the generalizability of the results.

Nevertheless, several limitations must be acknowledged. The use of non-probability convenience sampling introduces potential selection
bias, limiting external validity. Additionally, the study did not account for variables such as ASD severity level, sensory processing
profiles, medication use, or co-occurring conditions like ADHD, which may influence balance outcomes. The lack of longitudinal data
also restricts interpretation regarding developmental changes over time. Future research should consider incorporating
neurophysiological assessments, such as imaging or vestibular function testing, alongside clinical scales to explore underlying
mechanisms more comprehensively. Stratifying participants by age group, developmental stage, or severity of autism symptoms may
also yield more nuanced insights into the trajectory of balance impairments. Finally, interventional studies that evaluate the effectiveness
of balance-targeted therapies in children with ASD would be essential in translating these findings into clinical practice.

CONCLUSION

This study concluded that balance impairments are commonly present in children with autism spectrum disorder and may vary in
severity, often going unnoticed without structured assessment. The use of standardized tools revealed that postural instability is a
significant, yet frequently underestimated, aspect of ASD. These findings highlight the importance of incorporating early balance
evaluation into the clinical management of children with autism, as timely identification and targeted intervention can support better
functional outcomes. Addressing balance difficulties not only enhances physical stability but also contributes to broader developmental
progress, reinforcing the need for a more comprehensive and multidisciplinary approach in ASD care.
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