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ABSTRACT

Children with intellectual disability (ID) experience significant

Article Info: impairments in both cognitive and motor functions, which impact their balance and
postural control. This study aimed to explore the relationship between executive

Received: 2 Feb. 2025 functions and postural control in children with ID and compare these findings to

Accepted: 12 Feb. 2025 children with typical intelligence.

Available Online: 13 Feb. 2025 m This causal-comparative and correlational study included 15 students with

ID and 15 individuals with a normal range of intelligence. Static balance was assessed
using a force plate in two conditions: stable and unstable support surfaces. Executive
functions were measured using simple reaction time and response inhibition (Go/No
Go) tests. The Shapiro-Wilk test results indicated that the balance data followed a
normal distribution, while the cognitive data did not. Therefore, a three-way ANOVA
was used for between-group comparisons of balance variables, and the Mann-
Whitney U test was employed for cognitive variables. Additionally, Spearman's
correlation coefficient was used to examine the relationship between balance
performance (center of pressure sway) and cognitive performance (reaction time

Keywords: and response inhibition).

m Children with ID showed slower reaction times and a higher number of
Executive functions, incorrect responses compared to the control group in the cognitive tests (p < 0.05).
Postural control, Children Significant differences were also found between the two groups in all balance
with intellectual disability, variables (p < 0.05). A strong to moderate significant correlation was observed
Center of pressure, Static between cognitive test performance and balance measures (r = 0.51 to 0.82).

The results indicate that intellectual disability has a considerable effect
on both cognitive processing and postural control. The increased variability and
speed of center of pressure (CoP) in children with ID may suggest the use of less
effective compensatory strategies, leading to increased fatigue and a higher risk of
falls. Developing comprehensive interventions that target both executive functions
and postural control may help reduce instability and improve the quality of life for
these children.

* Corresponding Author:

Elaheh Azadian

Address: Department of Motor Behavior, Hamedan Branch, Islamic Azad University, Hamedan, Iran.
Tel: +98 (918) 3198476

E-mail: azadian1@yahoo.com


https://orcid.org/0000-0002-0114-9208
https://orcid.org/0000-0002-3558-8188
https://doi.org/10.32598/biomechanics.7.1.3

Journal of

Extended Abstract

1. Introduction

Children with intellectual disabilities (ID) experience significant challenges in both cognitive and motor
functions, which greatly affect their daily lives (2). These challenges often show up as difficulties in
maintaining balance and postural control, both of which are essential for carrying out everyday tasks and
ensuring physical safety (15,16). Postural control is a complex process that requires the integration of
sensory information and motor responses. This process is especially impaired in children with ID due to
issues with sensory processing and motor planning (17.18). Executive functions (EF)—which include
cognitive skills like attention, working memory, inhibitory control, and cognitive flexibility—are critical
for maintaining balance, especially in dynamic environments (3). Previous studies have highlighted the
link between EF and motor performance (25). However, there is limited research examining the specific
interaction between EF and postural control in this group. This study aims to explore the relationship
between EF and postural control in children with ID and compare their performance with that of typically
developing (TD) children. The results are expected to offer insights into the underlying causes of postural
instability in children with ID and help guide the development of targeted interventions..

2. Methods

This causal-comparative and correlational study involved 15 individuals with ID and 15 TD as the control
group. Participants were recruited from special education and mainstream schools, respectively. The
inclusion criteria for both groups included being within the age range of 7—12 years. Exclusion criteria
included the presence of neurological disorders (other than ID in the ID group), chronic medical conditions,
visual impairments, or physical disabilities affecting balance.

Static balance was assessed using a force plate (Kistler 9281 EA) under two conditions: stable (barefoot
on the force plate) and unstable (standing on foam placed on the force plate). Center of pressure (CoP)
parameters, including sway, speed, and displacement in the anterior-posterior (AP) and medial-lateral (ML)
directions, were recorded. Executive functions (EF) were assessed using simple reaction time and response
inhibition (Go/No Go) tests.

The Shapiro-Wilk test was used to assess data normality. Since the balance data followed a normal
distribution, a three-way repeated measures ANOVA was conducted for between-group comparisons of
balance variables. As the cognitive data were not normally distributed, the Mann-Whitney U test was used
for group comparisons of cognitive performance. Spearman’s correlation coefficient was used to examine
the relationship between balance performance (CoP sway) and cognitive performance (reaction time and
response inhibition). Statistical significance was set at p < 0.05.

3. Results

The results showed significant differences between the 1D and TD groups in both cognitive and postural
control measures. Children with ID had slower reaction times and higher rates of incorrect responses on
the cognitive tests compared to TD children (p < 0.05). Regarding postural control, children with 1D
exhibited greater sway, faster speed, and increased variability in both the AP and ML directions, especially
under unstable conditions (p < 0.05) (Table 1). The interaction between task type (stable vs. unstable) and
direction (AP vs. ML) was significant for CoP speed, with the ID group showing a notable increase in ML
speed during unstable conditions (p < 0.05).

Correlation analyses revealed strong to moderate relationships between cognitive performance and postural
control variables. Specifically, the number of unresponsive stimuli in the reaction time test was positively
correlated with CoP speed and variability in the AP direction under stable conditions, as well as with
postural deviations, sway, and speed in the ML direction under unstable conditions (r = 0.51-0.66). On the
other hand, the number of correct responses was negatively correlated with CoP speed and variability in
the AP direction (r = -0.82 and -0.56, respectively). These findings suggest that deficits in attention and
processing speed may contribute to postural instability in children with 1D.
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Table 1. Between group comparison in balance variables F (P.value)

CoP Variable Level Direction ID Group Control Group Between Group
Postural Deviations Stable AP 1.11+0.58 3.26 £1.90 12.02 (0.002)
ML 1.59 +1.04 2.02+1.37 0.74 (0.40)
Unstable AP 1.71+£0.95 2.79+1.70 1.68 (0.21)
ML 1.67 £0.94 2.50 +1.58 1.31 (0.26)
Postural sway Stable AP 0.49+0.18 0.23+0.01 5.67 (0.026)
ML 0.31+0.14 0.16 £0.15 5.08 (0.034)
Unstable AP 0.61+0.21 0.58 £ 0.62 0.02 (0.88)
ML 0.52+0.18 0.19+0.21 17.97 (0.0001)
Velosity Stable AP 1.10 £ 0.89 0.04 £ 0.002 31.61 (0.0001)
ML 0.92+0.28 0.008 + 0.003 41.02 (0.0001)
Unstable AP 0.88 £0.61 0.003 £ 0.002 12.07 (0.002)
ML 1.61 +1.06 0.007 £0.003 26.35 (0.0001)
Variability Stable AP 5.09 £3.90 3.85+2.44 1.02 (0.33)
ML 8.35£5.70 2.09+1.35 13.45 (0.001)
Unstable AP 6.20+3.21 293+1.54 4.19 (0.044)
ML 25.78 £ 12.59 259157 2.57 (0.12)

Note: "AP" refers to anterior-posterior direction, "ML" refers to medial-lateral direction, and "Sig" indicates
statistical significance (p-value).

4. Conclusion

The findings of this study highlight the significant impact of ID on both cognitive and motor functions.
Children with ID demonstrated slower reaction times and higher error rates in cognitive tasks, which aligns
with previous research pointing to deficits in EF within this population. These cognitive impairments are
likely contributing factors to the observed postural instability, as EF are crucial for integrating sensory
inputs and generating appropriate motor responses (33). The increased CoP sway and speed observed in
children with ID, especially under unstable conditions, may suggest the use of compensatory strategies to
maintain balance. However, these strategies appear to be less efficient and more energy-consuming,
possibly leading to greater fatigue and an increased risk of falls (39). The strong correlations between
cognitive performance and postural control measures underscore the importance of EF in maintaining
balance. Specifically, deficits in attention and inhibitory control may hinder the ability of children with 1D
to effectively adapt to dynamic postural challenges, resulting in greater instability (36). These findings are
consistent with previous studies that suggest EF and postural control share overlapping neural substrates,
such as the prefrontal cortex and cerebellum.

The study also emphasizes the need to address both cognitive and motor deficits in interventions for
children with ID (27,36). Comprehensive programs that combine cognitive-motor training, balance
exercises, and strength training could be beneficial in improving postural control and reducing the risk of
falls in this population. Finally, future research should delve deeper into the neural mechanisms underlying
the relationship between EF and postural control in children with ID, and assess the long-term effectiveness
of targeted interventions in enhancing both cognitive and motor outcomes.

This study provides compelling evidence of the significant impact of ID on both cognitive processing and
postural control. Children with 1D exhibit slower reaction times, higher error rates, and greater postural
instability compared to TD children, particularly under more challenging conditions. The increased CoP
speed and variability observed in children with ID may indicate the use of inefficient compensatory
strategies to maintain balance, which could lead to increased fatigue and a higher risk of falls. The strong
correlations between cognitive performance and postural control variables emphasize the critical role of
EF in maintaining balance. These findings underscore the importance of integrated interventions that
address both cognitive and motor deficits in children with ID. Future research should focus on developing
and evaluating targeted interventions that not only aim to improve postural control but also enhance overall
quality of life for children with intellectual disabilities.
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