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Objective:   The aim of the present study was to investigate the effect of 

transcranial direct current stimulation (tDCS) on the static and dynamic balance 

of children with autism. 

Methods and Materials: This quasi-experimental study used a purposive and 

convenience sampling method to select 30 male children with autism from the city 

of Ardabil, aged between 5 and 12 years. After selection, the participants were 

randomly assigned to either the experimental group (tDCS) or the control group. 

Dynamic balance (during walking and based on center of pressure fluctuations) 

and static balance (based on center of pressure fluctuations) were assessed using 

the Bertec force plate, with the center of pressure displacements measured in the 

mediolateral (ML) and anteroposterior (AP) directions. The data were filtered 

using a 20 Hz low-pass Butterworth filter. The tDCS intervention was applied 

with an intensity of 2 milliamps to the left primary motor cortex for 5 weeks, with 

15 sessions of 20 minutes each, using a two-channel TDCS device, Medinataab, 

made in Iran. 

Findings: The results of a two-way repeated measures analysis of variance 

showed significant differences in both static and dynamic balance between the 

experimental and control groups in terms of the center of pressure path direction 

along the anteroposterior and mediolateral axes. The experimental group, with a 

lower mean oscillation of the center of pressure path, demonstrated better balance. 

Conclusion: Based on the obtained results, it can be concluded that transcranial 

direct current stimulation (tDCS) has the potential to significantly improve both 

static and dynamic balance in children with autism. 

Keywords: Autism, static and dynamic balance, transcranial direct current stimulation, 

center of pressure path. 
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utism Spectrum Disorder (ASD) is a neurodevelopmental 

condition with an early onset, caused by changes in 

the brain and other unknown factors, leading to 

challenges in social, communicative, and behavioral 

domains (Date et al., 2024). The prevalence of ASD is 3 to 

5 times higher in boys than in girls, and over the past 10 

years, it has increased from 1 in 68 children to 1 in 36 

children (Maenner, 2023). With the rising diagnosis of ASD, 

understanding the underlying mechanisms of this disorder 

and how to support those affected by it has become more 

important than ever. 

To diagnose ASD, individuals must meet five criteria: 

deficits in social communication and interaction, repetitive 

behaviors and fixed interests, impairment in functioning, 

early onset (early childhood), and the disorder cannot be 

better explained by an intellectual disability (Araujo et al., 

2023). Autism spectrum disorder is comorbid with 

intellectual disabilities, speech disorders, and motor deficits, 

including walking disorders, abnormal motor symptoms, 

poor balance, lack of coordination, and clumsiness (Kang et 

al., 2024), as well as delays in gross motor skills, object 

control, ball exercises, balance, and drawing skills (Taheri, 

2009). Additionally, postural control disorders are 

consistently observed in individuals with ASD. These 

disorders manifest as increased postural sway, absence of 

ankle strategies, and differences in weight distribution while 

standing (Date et al., 2024). Postural control is also essential 

for the development of early gross and fine motor skills, such 

as crawling, standing, climbing stairs, hand manipulation 

skills, motor planning, and basic movement execution 

(Mnejja et al., 2023). Postural control maintains both static 

and dynamic balance, both of which are affected by ASD 

(Bojanek et al., 2020). Therefore, in addition to 

communication and behavioral challenges, ASD is also 

associated with motor deficits. One of the most important of 

these deficits is problems with static and dynamic balance, 

which have a significant impact on the daily activities and 

quality of life of these children (Cheung, 2020). Static 

balance refers to the ability to maintain the body in a stable 

position under various conditions, while dynamic balance 

refers to the ability to maintain stability while moving or 

changing body positions (Lengkana et al., 2020). Recent 

studies show that children with autism exhibit significant 

deficits in both static and dynamic balance compared to their 

typically developing peers, which can lead to secondary 

problems such as reduced ability to perform daily activities, 

participation in social activities (Bregnard, 2022), social-

communication disorders like anxiety and social isolation 

(Lidstone et al., 2020), impaired sensory integration and 

body awareness, and an increased risk of falls in children 

with ASD (Doumas et al., 2016). 

When evaluating static and dynamic balance in 

individuals with ASD using various methods, they have been 

found to perform poorly compared to typically developing 

individuals. In balance assessments involving walking and 

force plates, the displacement of the center of 

pressure/ground reaction force is reported as postural 

deviations, and these patterns can accurately reflect the 

changes resulting from intervention exercises (Lim et al., 

2018; Minshew et al., 2004). Additionally, fMRI or EEG 

have been used in some studies to record neurophysiological 

and morphological changes in the nervous system due to 

therapeutic exercises (Bo et al., 2022; Philip et al., 2012). 

The causes of these problems have been attributed by 

researchers to abnormal connections between primary 

sensory and motor areas (Stoit et al., 2013), disturbances in 

frontal-striatal communication, and increased gray matter 

surface area and volume in the frontal-parietal network 

(Mahajan et al., 2016), as well as issues in the prefrontal, 

premotor, and cerebellar regions, leading to deficits in motor 

impairments (Pérez et al., 2014). Morris et al. (2022) relate 

postural control and balance deficits to sensory integration 

between visual, vestibular, and somatosensory inputs, and 

with the increasing severity of autism, postural sway 

increases, and balance becomes further compromised 

(Morris et al., 2022). Studies on individuals with autism have 

shown a significant increase in cortical gray matter volume 

and surface area in the anterior parietal regions involved in 

motor control and learning in children with ASD compared 

to typically developing children (Moradi & Movahedi, 

2019), reduced activation in the motor cortex and lateral 

premotor cortex, supplementary motor area, and cerebellum 

during rhythmic and sustained finger tapping tasks in 

individuals with autism (Dana et al., 2019), decreased 

cortical excitability during a finger movement task in ASD 

compared to the control group (Bayatpour et al., 2019), and 

increased hand dominance, indicating reduced left 

hemisphere motor dominance (Rezaei et al., 2016). These 

findings underscore the importance of targeting and 

activating cortical regions in individuals with autism. 

Various intervention programs have been implemented 

by researchers to improve motor skills and balance in 

individuals with ASD, including hydrotherapy and 

taekwondo (Ansari et al., 2021), tai chi (Sarabzadeh et al., 

2019), virtual reality games (Ghobadi et al., 2019; Jelsma et 

al., 2014), skating and dancing (Arzoglou et al., 2013; Casey 

A 
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et al., 2015). Most of these programs have demonstrated 

their effectiveness in improving balance (Ajzenman et al., 

2013; Ansari et al., 2021; Casey et al., 2015) and motor 

performance (Hocking et al., 2022) in individuals with ASD. 

Reviews on postural control (Date et al., 2024; Djordjević et 

al., 2022; Hariri et al., 2022) have highlighted the 

effectiveness of exercise interventions on postural control in 

individuals with ASD; however, due to methodological 

differences, further study is needed in this area to generalize 

the results. The use of animals to improve balance, 

movement, and exercise repetition has challenged an 

individual’s postural stability and led to sensory integration 

across proprioceptive, vestibular, and tactile senses, 

influencing postural control. Despite the effectiveness of 

such programs, the lack of studies in this area limits the 

applicability of the findings (Hayakawa & Kobayashi, 

2011). In exercise interventions like kata, movement on the 

legs and muscle strength coordination, as well as 

interhemispheric integration, appear to improve balance in 

autism. Regular balance exercises have led to functional and 

structural improvements in the motor cortex, basal ganglia, 

and cerebellum, and combining these exercises with cortical 

stimulation in the primary motor cortex and rhythmic 

auditory exercises have aided in sensory-motor integration, 

neuroplasticity, and ultimately improved postural control. 

However, most of these studies have not addressed the 

changes in the underlying mechanisms. Such structural and 

functional differences in the nervous systems of individuals 

with autism present challenges, and the possibility that 

transcranial direct current stimulation (tDCS) in the motor 

cortex could help improve motor functions in this clinical 

group is supported. 

The transcranial direct current stimulation (tDCS) 

technique is a non-invasive, painless, and simple brain 

stimulation method that enhances brain pathways, such as 

from the cortex to the muscles (motor cortex excitability), 

and promotes cortical plasticity (Charman et al., 2011). One 

study indicated that transcranial stimulation of the primary 

motor cortex may improve dynamic balance in both young 

and elderly healthy individuals (Jansiewicz et al., 2006). 

Mousavi Sadati and Rashidzadeh (2020) reported that 

transcranial direct current stimulation of the cerebellum 

combined with balance exercises might improve vestibular 

processing and postural control in the elderly, facilitating 

motor learning and adaptation (Mousavi Sadati & 

Rashidzadeh, 2020). It has even been reported that tDCS on 

the primary motor cortex may have beneficial effects on 

autism ranking scales and the autism treatment evaluation 

checklist in individuals with autism (Vernazza-Martin et al., 

2005). Mahmoodifar and Sotoodeh (2020) indicated that 

tDCS might enhance motor skill training for children with 

autism spectrum disorder, but replication with larger 

samples, including participants with varying autism 

symptoms and different tDCS stimulation polarities, is 

necessary to confirm the practical use of this non-invasive 

brain stimulation. The only study conducted in this area 

using tDCS for balance and postural control in children with 

autism was by Mahmoodifar and Sotoodeh (2020), which 

combined anodal tDCS on the primary motor cortex with 

motor and balance exercises, leading to significant 

improvements in balance and motor performance in children 

with autism (Mahmoodifar & Sotoodeh, 2020). Given the 

crucial role of balance in motor development and functional 

abilities in children, examining both static and dynamic 

balance in this group is particularly important. Therefore, in 

addition to cognitive and behavioral aspects, the use of tDCS 

exercise interventions can provide valuable insights into 

changes in static and dynamic balance and their 

effectiveness in postural control. These interventions, by 

improving control strategies and motor learning, will help in 

postural control development, reducing injury risk, 

improving motor skills, participating in physical activities, 

interacting with others, and ultimately improving the quality 

of life for these children. Furthermore, the results could 

inform effective therapeutic interventions for balance in 

individuals with autism. 

2. Methods and Materials 

2.1. Study Design and Participants 

The research method in this study is quasi-experimental, 

and its target population consists of children with autism in 

Ardabil city during the years 1403–142 (Gregorian 

Calendar: 2024–2025). To determine the sample size, the 

G*Power software was used to calculate a minimum sample 

size of 30 participants with a statistical power of 0.80, an 

effect size of 0.95, and a significance level of 0.05. 

Purposeful and convenience sampling was employed to 

select 30 male children with autism aged 5–12 years. The 

participants included individuals with moderate and mild 

autism spectrum disorder (according to the diagnostic 

grading by GARS, as documented in their files) from 

psychiatric clinics and welfare centers in Ardabil city. They 

were identified and referred by a child psychiatrist and were 

then randomly assigned to two groups: the experimental 

group (transcranial direct current stimulation) and the 
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control group. Before the commencement of the study, the 

study protocol was approved by the ethics committee of 

Payame Noor University and the Welfare Organization. 

Written consent was obtained from the parents of the 

children for their participation in the study. Before the test, 

the objectives and methods of the study were briefly 

explained to both the participants and their parents, and upon 

arrival at the laboratory, the participants' height, weight, and 

age were recorded. 

2.2. Measures 

2.2.1. Static and Dynamic Balance 

Static and dynamic balance were assessed during the pre-

test and post-test sessions using a Bertec force plate (Model 

FP6090-06-PT, USA) to collect data on center of pressure 

displacement. The tests were conducted with the participants 

in the Health and Fitness Center of Payame Noor University. 

The force plate was positioned in the middle of a 20-meter 

track. After a warm-up, for dynamic balance assessment, 

each individual walked the 20-meter track three times, 

placing their dominant foot on the force plate at the midpoint 

of the track. For static balance, each participant stood on the 

force plate three times for 30 seconds, and ground reaction 

forces along the X and Y axes were recorded, representing 

the anterior-posterior and medial-lateral directions, 

respectively. Data validation was carried out to ensure 

accuracy throughout different stages and methods. In the 

first stage, after the completion of each trial, the force plate 

signals were checked in the relevant software, and the signal 

characteristics (e.g., continuity of the signal) were verified 

to ensure their accuracy. It should be noted that this data 

verification process was performed in consideration of 

previous studies, credible sources, and knowledge gathered 

by the researchers throughout the investigation and literature 

review process. Any issues identified in the recorded data 

that could reduce the validity and reliability of the data led 

to the exclusion and re-execution of the trial. Raw data 

obtained from the force plate were filtered to remove noise. 

A low-pass Butterworth filter with a 20 Hz cutoff frequency 

was used to filter the force plate output (Lee & Sun, 2018; 

Wikstrom et al., 2005). The resulting data output included 

center of pressure changes in the medial-lateral (COPx) and 

anterior-posterior (COPy) directions, which were recorded 

during both static and dynamic balance assessments. The 

parameters used for static and dynamic balance were the 

displacement distance of the center of pressure, calculated 

for each participant using the following equations: 

 

Equation 1. Displacement distance of the center of 

pressure in the anterior-posterior direction (mm): 

𝑃𝐿𝐴𝑃𝑐𝑜𝑝 = ∑√(𝑥𝑖+1 − 𝑥𝑖
)2

𝑛−1

 

 

Equation 2. Displacement distance of the center of 

pressure in the medial-lateral direction (mm): 

𝑃𝐿𝑀𝐿𝑐𝑜𝑝 = ∑√(𝑦𝑖+1 − 𝑦𝑖
)2

𝑛−1

 

 

These equations calculate the displacement distance of 

COP in the AP and ML directions, indicating how much the 

COP has moved and the distance traveled during standing or 

walking. Therefore, an individual's stability during standing 

or walking is determined. The greater the COP oscillation, 

the longer the displacement distance, which is inversely 

related to balance (Kavyani Boroujeni et al., 2023; Satvati et 

al., 2013). 

2.3. Intervention 

2.3.1. Transcranial Direct Current Stimulation Protocol 

During the therapeutic intervention, each participant 

received 15 sessions of transcranial direct current 

stimulation (tDCS) in a one-on-one setting, with 3 sessions 

per week and each session lasting 20 minutes. The tDCS was 

administered using a two-channel Medinazeb tDCS device 

manufactured in Iran. The tDCS protocol involved placing 

the anode electrode (16 cm²) over the left primary motor 

cortex, at the 10-20% Cz point, based on the 10-20 electrode 

system, after preparing the electrode by placing it inside a 

wet pad. The cathode electrode (24 cm²) was placed over the 

right frontal area to prevent lateral current flow. A direct 

current of 2 mA was applied using the anode and cathode 

electrodes (Minhas et al., 2012; Poortvliet et al., 2018). The 

large size of the cathode electrode makes it functionally 

ineffective without impacting the anode electrode (Stagg & 

Nitsche, 2011). According to previous studies by de Moura, 

Aparisiu, Greco, Brononi, and Hesse (2019), the primary 

motor cortex was selected as the stimulation site to improve 

balance. The systematic review indicated that tDCS 

targeting the primary motor cortex can enhance voluntary 

control and balance performance (de Moura et al., 2019). 

The transcranial direct current stimulation interventions and 

balance assessments were performed in a double-blind 

manner by specialists at the Health and Fitness Center of 
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Payame Noor University. To prevent any cognitive and 

motor interference with the tDCS effects, participants sat 

comfortably in a chair during the application of tDCS. The 

control group did not receive any treatment during the 

therapeutic and training intervention phase, but for ethical 

reasons, they were provided with similar treatment sessions 

after the completion of the study. 

2.4. Data analysis 

Independent t-tests were used to examine differences in 

age, height, and weight characteristics. The Shapiro-Wilk 

test was applied to determine the normality of the data 

distribution. Repeated measures analysis of variance 

(ANOVA) with a 2-group factor and 2-time points was used 

to test the hypotheses during the pre-test and post-test 

phases. The assumptions for this test (normality of error 

distribution using the Shapiro-Wilk test, homogeneity of 

variance using Levene's test, and independence of errors 

using the Runs test and Box's test for covariance matrix 

equality) were verified and confirmed (P > 0.05). The 

hypotheses were tested at a significance level of 0.05, and all 

statistical calculations were performed using SPSS software 

(version 25). 

3. Findings and Results 

Using an independent samples t-test, it was found that 

there were no significant differences between the two groups 

in terms of age, weight, and height at the pre-test stage (p > 

0.05). The results of the comparison of the two groups at the 

pre-test stage in demographic data are summarized in Table 

1, which shows that these factors do not affect the 

participants' balance. 

Table 1 

Demographic Information of Participants 

Variable Control Group Experimental Group p Value 

Age (years) 10.18 ± 1.68 10.26 ± 0.79 0.540 

Weight (kg) 31.50 ± 7.60 34.93 ± 12.75 0.414 

Height (cm) 132.36 ± 10.36 130.53 ± 6.32 0.351 

The p-values for all intervening variables between the two groups are greater than 0.05, indicating that these variables do not have an effect on the 

participants' balance. 
 

To investigate the impact of transcranial direct current 

stimulation (tDCS) intervention on the static balance of 

children with autism, a repeated-measures analysis of 

variance (2×2) was used with the between-subjects factor 

(group) and within-subjects factor (time) at both the pre-test 

and post-test stages. Given the homogeneity of the 

covariance matrix, multivariate tests were conducted. The 

results, as shown in Table 2 and Figure 1, indicated that for 

the center of pressure (COP) displacement in the 

anteroposterior (AP) direction, there was a significant main 

effect of the group and a significant interaction, but the main 

effect of time was not significant. Given the significant 

interaction effect, the post-hoc one-way test showed that 

there were no significant differences between the two groups 

at the pre-test stage (p = 0.4), but the difference between the 

groups at the post-test stage was significant (p < 0.05).  

Additionally, the analysis of static balance in the COP 

displacement in the mediolateral (ML) direction showed that 

both the main effects of time and group were significant, but 

the interaction effect was not significant. The deviation in 

the COP displacement in the ML direction was reduced in 

the experimental group, and the static balance in this 

direction increased at the post-test stage (as shown in Table 

2 and Figure 1). 

Table 2 

Results of the Repeated-Measures ANOVA for the Dependent Variable of Static Balance Between the Two Groups  

Variables Source of Variation Degrees of Freedom F Wilks’ Lambda p Value Effect Size (η²) 

PLAP COPx Group 1,28 20.3 - < 0.001 0.42 

 Time 1,28 2.4 0.92 0.13 0.07 

 Group × Time 1,28 9.62 0.74 0.004 0.25 

PLML COPy Group 1,28 11.48 - 0.002 0.29 

 Time 1,28 10.19 0.73 0.003 0.26 

 Group × Time 1,28 2.68 0.91 0.11 0.08 

COPX = Center of Pressure Displacement in the Mediolateral Direction, COPY = Center of Pressure Displacement in the Anteroposterior Direction. 
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Figure 1 

Difference Between the tDCS and Control Groups in the COP Displacement in the Anteroposterior Direction (Static Balance) Across Pre-

Test and Post-Test Stages 

 

Figure 2 

Difference Between the tDCS and Control Groups in the COP Displacement in the Mediolateral Direction (Static Balance) Across Pre-Test 

and Post-Test Stages 

 

For the dynamic balance variable, the COP displacement 

in the anteroposterior direction, since the residual errors in 

one of the groups were not normally distributed, the data 

were first normalized. Using repeated-measures ANOVA 

(2×2) with the between-subjects factor (group) and within-

subjects factor (time) at both the pre-test and post-test stages, 

the results, after applying the Greenhouse-Geisser 

correction, as shown in Table 3, revealed that the main effect 

of the group and the interaction effect were significant, but 

the main effect of time was not significant. 

The effect of time on the changes in COP displacement in 

the mediolateral direction was statistically significant, but 

neither the main nor the interaction effects were significant 

for dynamic balance in the anteroposterior direction. In static 

balance, the residual errors for COP displacement in the 

mediolateral direction were normally distributed. The results 

of the repeated-measures ANOVA (2×2) indicated that the 

main effects of group and time were not significant, but the 

interaction effect was significant. Post-hoc tests between the 

groups showed no significant differences at the pre-test stage 

(p = 0.87), but at the post-test stage, the experimental group 

(0.106 ± 0.04) and the control group (0.227 ± 0.117) showed 

significant differences (p = 0.001). Therefore, the 

experimental group demonstrated greater dynamic balance 

in the mediolateral direction with less fluctuation. 
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Table 3 

Results of the Repeated-Measures ANOVA for the Dependent Variable of Dynamic Balance Between the Two Groups at the Pre-Test and 

Post-Test Stages. 

Variables Source of Variation Degrees of Freedom F Sum of Squares p Value Effect Size (η²) 

PLAP COPx Group 1,27 14.16 0.098 < 0.001 0.34 

 Time 1,27 0.96 0.012 0.33 0.034 

 Group × Time 1,27 5.27 0.065 0.03 0.16 

PLML COPy Group 1,28 1.34 0.024 0.25 0.046 

 Time 1,28 0.153 0.001 0.69 0.005 

 Group × Time 1,28 25.04 0.098 < 0.001 0.47 

Figure 3 

Difference Between the tDCS and Control Groups in the COP Displacement in the Anteroposterior Direction (Dynamic Balance) Across 

Pre-Test and Post-Test Stages 

 

4. Discussion and Conclusion 

The aim of the present study was to determine the effect 

of tDCS on static and dynamic balance in children with 

ASD. The results showed that there were significant 

differences between the experimental and control groups. 

Under static and dynamic balance conditions, the 

experimental group demonstrated lower variance in the 

center of pressure (COP) path length in both anterior-

posterior and medial-lateral directions, indicating better 

balance. 

The findings of the current study regarding the positive 

effect of tDCS on static and dynamic balance align with 

previous studies (Duarte et al., 2014; Jansiewicz et al., 2006; 

Mahmoodifar & Sotoodeh, 2020; Mousavi Sadati & 

Rashidzadeh, 2020) which reported the positive impact of 

tDCS on dynamic balance in healthy individuals (Jansiewicz 

et al., 2006), the combination of tDCS training with balance 

exercises for postural control in elderly individuals 

(Mousavi Sadati & Rashidzadeh, 2020), the combination of 

tDCS with treadmill walking for balance improvement in 

individuals with cerebral palsy (Duarte et al., 2014), and the 

combination of tDCS with balance exercises for improving 

static and dynamic balance in children with autism 

(Mahmoodifar & Sotoodeh, 2020). 

In explaining the obtained results, it can be said that tDCS 

enhances neuroplasticity, which refers to the brain's ability 

to reorganize itself by creating new neural connections and 

redistributing blood flow in the stimulated area. This is 

especially effective in improving motor skills and balance in 

children with ASD (Araujo et al., 2023). Therefore, the 

individual’s performance in response to external stimuli 

improves, and their balance increases as a result of these 

interactions. However, the mechanism of tDCS is not limited 
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to changes in the membrane potential of neural cells. tDCS, 

which targets the dorsolateral prefrontal cortex (DLPFC), 

can alter functional connectivity in key neural networks, 

such as the sensorimotor network, which is critical for 

balance and motor control (Kang et al., 2024). By 

modulating cortical excitability, tDCS can enhance the 

efficiency of neural pathways related to motor control, 

thereby improving balance (Mahmoodifar & Sotoodeh, 

2020). Changes in synapses occur through alterations in the 

synaptic strength of NMDA or GABA receptors on cortical 

cells and cortico-spinal pathways (Mousavi Sadati & 

Rashidzadeh, 2020; Wikstrom et al., 2005). 

According to the studies conducted, tDCS is a feasible 

technique for children and adolescents, which does not lead 

to significant adverse effects in the short term. The 

disturbances caused are apparently temporary and transient, 

and compared to other brain stimulation techniques, the side 

effects are limited and mild. tDCS, as a non-pharmacological 

method, can be a suitable and low-risk option in combination 

with traditional physiotherapy treatments for gait disorders 

and upper limb spasticity in children with neurological 

conditions. Given that the development of the nervous 

system and brain leads to better adaptive behaviors and 

higher intelligence in individuals, appropriate stimulation 

and selected activities can strengthen the nervous system and 

brain, leading to improved outcomes in children with autism 

(Stagg & Nitsche, 2011). In the present study, the protocol 

for applying transcranial brain stimulation was organized in 

a way that, with proper stimulation, had a significant impact 

on improving balance in children with autism. 

While tDCS holds promise for improving balance in 

children with ASD, attention to individual variability in 

response to this treatment is essential. Factors such as the 

specific brain areas targeted, the duration and intensity of 

stimulation, and its combination with other therapies may 

affect the outcomes. Further research is needed to optimize 

protocols and understand the long-term effects of tDCS in 

this population. Differences in sample sizes and the number 

of training sessions, which sometimes range from 10 to 220 

sessions, can limit methodological generalization. Although 

motor exercises are safe, enjoyable, and motivating, the 

effectiveness of such studies has not sufficiently addressed 

neural plasticity markers and underlying mechanisms, 

particularly considering structural and functional changes. 

This aspect requires more attention in future studies. 

Children with ASD, who may have limited physical 

activity levels and a lack of interest in interaction and 

communication, are likely to face greater challenges. 

Therefore, comparing different therapeutic and training 

methods to identify the most appropriate approach for this 

group will be essential. It is also hypothesized that the 

severity of symptoms may affect postural fluctuations and 

balance in these individuals, and thus controlling the severity 

of the disorder in future studies is recommended. Therefore, 

the use of complementary methods such as cortical direct 

stimulation for enhancing training methods and reducing 

intervention time could be beneficial. Additionally, it is 

recommended that future studies consider the long-term 

sustainability of the effects and outcomes, as this aspect has 

been limited in previous research. 

It seems that, considering the specific characteristics of 

this group, there has been less focus on them in the studies 

conducted. Evaluating the impact of interventions on 

functional and structural outcomes, such as brain imaging, 

could be valuable. Postural instability is a common symptom 

in ASD, and interventions aimed at improving it are deemed 

essential. Individuals with ASD have fewer opportunities to 

engage in physical activity-based social programs, and there 

is a lack of long-term recreational interventions that are 

motivating and enjoyable for this population. Therefore, the 

first step should be the implementation of exercise 

interventions using direct cortical stimulation to develop and 

improve postural control and balance in this group. 

Ultimately, to foster greater interaction, physical activity-

based social programs for this population should be 

provided. 

The results of the present study show that tDCS has the 

potential to improve static and dynamic balance in children 

with ASD. This non-invasive brain stimulation method, 

when applied to specific brain regions (using direct current 

with the anode electrode placed on the left and the cathode 

electrode on the right), can enhance balance in children with 

ASD by modulating neural activity and connectivity. Based 

on the results, tDCS appears to be a non-pharmacological, 

low-risk, and promising method for improving balance and 

postural control in children with ASD, which can be used in 

conjunction with conventional therapies. This method 

influences both neural and structural performance, but 

further research is needed to optimize protocols, examine 

long-term effects, and control the severity of the disorder. 

5. Limitations and Suggestions 

One limitation of the current study is the relatively small 

sample size, which may impact the generalizability of the 

results. Additionally, variations in the number of stimulation 

https://portal.issn.org/resource/ISSN/3041-8518
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sessions across studies, ranging from 10 to 220, suggest 

methodological inconsistencies that could influence the 

outcomes and make comparison difficult. Furthermore, the 

study primarily focused on short-term effects, and the long-

term sustainability of tDCS effects was not assessed. Finally, 

individual differences in response to tDCS, such as brain 

area targeting, stimulation duration, and intensity, were not 

fully explored, which limits the understanding of the 

treatment's effectiveness across different individuals with 

ASD. 

Future research should aim to address these limitations by 

including larger, more diverse sample sizes to increase 

generalizability. Studies investigating the long-term effects 

of tDCS on balance and motor skills in children with ASD 

are crucial to understanding its sustainability. Additionally, 

more research is needed to explore individual differences in 

response to tDCS, including the impact of varying brain 

areas targeted, different stimulation intensities, and the 

combination of tDCS with other therapeutic interventions. 

Longitudinal studies assessing the effects of tDCS on neural 

plasticity, behavior, and cognitive development could 

provide valuable insights into its broader benefits for 

children with ASD. 

The findings of this study suggest that tDCS could serve 

as a promising non-pharmacological intervention for 

improving balance and motor skills in children with ASD. 

This has important clinical implications, particularly in 

enhancing postural control and facilitating participation in 

physical activities. It could be integrated into existing 

therapy regimens alongside traditional physiotherapy 

techniques to provide a comprehensive approach to 

managing motor difficulties in children with ASD. 

Additionally, incorporating tDCS into rehabilitation 

programs could potentially reduce the reliance on 

pharmacological treatments, offering a safer and less 

invasive option. Future clinical practices may benefit from 

considering the combination of tDCS with other targeted 

interventions for improving overall functionality in this 

population. 
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