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Abstract

Background Autism spectrum disorder (ASD) is a neurodevelopmental delay condition. Although behavioural
abnormalities are the primary indicators of the disorder, still a significant number of children with ASD present

with motor abnormalities. Research has also identified deficiencies in their postural stability, and their gait patterns,
which impaired their motor coordination. Transcranial direct current stimulation (tDCS) is a safe, accessible brain
stimulation method, the impact of tDCS on the primary motor cortex during motor training, which demonstrated
improvements in balance and motor skills in ASD children had been investigated. The present study seeks to examine
the effect of anodal tDCS over the primary motor cortex on balance in patients with ASD.

Results Both groups showed significant difference in MABC-2 balance subscale and QNST when baseline was com-
pared to post-intervention and to the follow-up parameters. Both the post-intervention and follow-up balance sub-
scale of MABC-2 and QNST were significantly higher in group I (who received tDCS sessions and neuro- rehabilitation
programme) compared to group Il (who received rehabilitation programme only). Similarly, the percentage of change
from baseline to post-intervention and to 2-month follow-up of both MBC-2 balance subscale and QONST was signifi-
cantly higher in group | in comparison to group |I.

In group |, there was a positive correlation between the Quick Neurological Screening Test (QNST) and both child-
hood autism rating scale (CARS) scores and Vineland scores. In group Il, there was a negative correlation

between the Movement Assessment Battery for Children-2 (MABC2) and CARS scores and a positive correlation
between the MABC2 and Vineland. In both groups, there was a negative correlation between MABC2 SD and BMI.

Conclusions tDCS is a non-invasive new adjuvant therapeutic approach in ASD. The current study revealed

that severe autistic symptoms are associated with greater motor deficits. Immediately after applying tDCS sessions
alongside neurorebilitation programme, balance subscales and neurological deficits improved significantly more
than applying neurorebilitation programme alone and this effect continued in the follow- up.

Keywords Autism spectrum disorder, Transcranial direct current stimulation, Balance and motor skills, Movement
Assessment Battery for Children-2, Quick Neurological Screening Test

*Correspondence:

Dina'Y. Elalfy

denaelalfy@yahoo.com

Full list of author information is available at the end of the article

. ©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
@ SPrlnger O pe n permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
— original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43045-025-00583-1&domain=pdf

Abubakr et al. Middle East Current Psychiatry (2025) 32:102

Background

Autism spectrum disorder (ASD) is a neurodevelop-
mental delay condition characterized by behavioural and
adaptive functional abnormalities [1].

Although behavioural abnormalities are the primary
indicators of the disorder, still a significant number of
children with ASD present with motor abnormalities,
and went through rehabilitation and balance-based exer-
cises due to the adverse effects of motor control issues
on their daily lives. Approximately 83% of children with
ASD experience varying degrees of difficulty with gross
and fine motor functions [2]. Research has also identi-
fied deficiencies in their postural stability, and their gait
patterns, which impaired their motor coordination, led
to presence of dyspraxia, and delay in the acquisition of
their motor milestones and basic motor skills [3].

A persistent concern for individuals with ASD is stand-
ing balance, as many have not achieved the same level
of balance as typically developing individuals. When
comparing autistic children to their typically developing
peers, the former demonstrate poor postural or balance
control, evidenced by postural sway in both double-leg
and single-leg stances. Maintaining proper balance is
crucial for performing daily activities such as dressing,
bathing, and engaging in recreational pursuits like sports
and bicycling. Children with autism spectrum disor-
der (ASD) may face challenges in participating in these
social and recreational activities [4], which can negatively
affect their social cognition, communication, and overall
engagement. Furthermore, these difficulties hinder their
ability to explore their environment, thereby impacting
both social and motor development. In this population,
such challenges may also contribute to social communi-
cation disorders, including social isolation and anxiety
[5].

At the neuroanatomical level of individuals with ASD,
abnormalities exhibit in the sub-cortical white matter
connectivity and the cerebellum, also atypical connec-
tions in the frontal-striatal areas, due to impaired con-
nectivity between the primary sensory areas and motor
areas, and abnormalities in the frontal-parietal network,
as evidenced increase of the volume and surface area of
their grey matter. Neuro-functional impairments in this
population include inadequate multisensory integration,
impaired sensory input processing, and difficulties with
self-other mapping. These deficits are posited to under-
lie the variations in motor performance observed among
children with ASD, supporting the hypothesis that tran-
scranial direct current stimulation (tDCS) applied to
motor cortical areas may enhance motor abilities in this
clinical group [6].

Transcranial direct current stimulation (tDCS) is a safe,
accessible brain stimulation method, considered to be
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non-invasive that employs surface electrodes to adminis-
ter a low-intensity monophasic electrical current to the
scalp. This technique induces long-lasting changes in
cortical excitability [7].

The polarity of the current plays a crucial role in corti-
cal regulation: cathodal stimulation exerts an inhibitory
effect by hyperpolarizing the neuronal cell membrane,
whereas anodal stimulation enhances the cortical excit-
ability by promoting depolarization of the neuronal cell
membrane [8].

Certain aspects of movement, such as strength, move-
ment direction, speed, and acceleration, are linked to the
primary motor cortex. Numerous studies involving indi-
viduals across various life stages have employed anodal
tDCS over this brain region to demonstrate that cortical
modulation of neural networks can be facilitated. This
modulation can enhance and support the learning and
consolidation of motor patterns, particularly when stim-
ulation is combined with motor training [9].

The impact of anodal tDCS over the left dorsolateral
prefrontal cortex [10-13] or the temporoparietal junc-
tion have predominantly been investigated in clinical
trials involving autistic children. These studies aim to
modulate dysfunctional areas directly associated with
the disorder’s core diagnostic characteristics, namely
impaired executive functions and social communica-
tion. Previous trials have demonstrated a reduction in
the severity of the disorder’s symptoms, particularly con-
cerning social and nonverbal communication, a decrease
in stereotyped behaviours, and an enhancement in their
working memory [14, 15].

Currently, there exists only one clinical trial that inves-
tigates the impact of tDCS on the primary motor cortex
during motor training, which demonstrated improve-
ments in balance and motor skills in ASD children [6].

The present study seeks to examine the effect of anodal
tDCS over the primary motor cortex on balance in
patients with ASD.

Methodology

Participants

This study was conducted from July 2024 to July 2025,
involving 60 children diagnosed with ASD who were
recruited from the outpatient clinic of the Special Needs
Care Centre, Faculty of Postgraduate Childhood Studies,
Ain Shams University. The participants adhered to the
following criteria:

Inclusion criteria

Participants were aged between 6 and 17 years and were
diagnosed with Autism Spectrum Disorder (ASD) in
accordance with the Diagnostic and Statistical Man-
ual of Mental Disorders, Fifth Edition (DSM-5) [16].
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Participants exhibited balance disorders, scoring at or
below the 15th percentile on balance subscale of the
Movement Assessment Battery for Children-2 (MABC-
2) [17]. They demonstrated the ability to comprehend
and communicate with motor training instructors and
were capable of executing the prescribed motor learn-
ing instructions. There was no alteration in medication
within the 6 months preceding the study or during its
duration, and participants did not engage in other regular
exercise programmes.

Exclusion criteria

These include individuals with a history of epilepsy or
seizures, neurological or neuromuscular disorders or
syndromes other than autism spectrum disorder (ASD),
those who have undergone orthopaedic or neurological
surgery within 12 months prior to the intervention, or
have had any neurosurgical procedures, as well as those
with orthopaedic deformities requiring surgical inter-
vention, metallic implants all over the body, or hearing
devices, and those who might show difficulty in coopera-
tion, and understanding the proposed activities needed
in the present study.

Randomization and blinding

Following the selection of participants based on the
established eligibility criteria and the completion of the
pre-intervention assessment, randomization was exe-
cuted by an independent statistician utilizing a simple
computer-generated randomization method. Participants
were randomly allocated in a 1:1 ratio into two groups,
each comprising 30 patients: the experimental ASD
group and the control (sham) group. This study was con-
ducted in a double-blind manner, ensuring that the inves-
tigators, participants, and their families were unaware of
the participants’ group assignments. The interventions
were administered by an independent, trained physi-
otherapist who was not involved in this study.

Sample size

Utilizing the PASS 15 programme for sample size cal-
culation, an examination of results from a prior study
(Mahmoodifar and Sotoodeh, 2020) [6] indicated that
transcranial direct current stimulation (tDCS) signifi-
cantly enhances motor skill training in children and ado-
lescents with autism spectrum disorder. Assuming an
effect size difference of 0.7 between the two groups con-
cerning the improvement in balance scores, and account-
ing for a 5% adjustment for dropout rate, a sample size of
at least 30 patients per group is required to achieve 80%
power to reject the null hypothesis of zero effect size.
This calculation is based on a population effect size of
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0.70 and a significance level (alpha) of 0.05, employing a
one-sided two-sample equal-variance ¢-test.

Assessment
All participants underwent comprehensive history taking
and clinical examination, which included the diagnosis
of ASD by semi-structured interview based on DSM-5
criteria, and the assessment of ASD severity by applying
the Childhood Autism Rating Scale (CARS). This scale
comprises 14 domains evaluating autism behaviours, and
a 15th domain assessing general impressions of autism.
The total score ranges from 15 to 60, where a score of
30-36.5 indicates mild to moderate degree of autism, and
a score of 37—60 signifies severe degree of autism [18].

Additionally, the adaptive behaviour of individuals with
ASD was evaluated using the Vineland Adaptive Behav-
iour Scales, Second Edition (Vineland-II). This stand-
ardized assessment tool measures adaptive behaviour in
individuals from birth to 90 years of age, assessing daily
living skills, including social and practical abilities. It is
widely utilized in clinical and educational settings to
identify strengths and weaknesses, support diagnoses,
and develop intervention plans.

The total score ranges from 20 to 160, categorized as
follows:

Weak adaptive behaviour: 20-70, weak-average:
71-85, average: 86—114, average-high: 115-129, and
high: 130160 [19].

The primary outcome was evaluated using the bal-
ance subscale of the Movement Assessment Battery for
Children-2 (MABC-2), a validated and reliable instru-
ment for assessing and identifying impairments in indi-
viduals with ASD. This tool includes various tests tailored
for distinct age groups: from 3 to 6 years, from 7 to 11
years, and from 12 to 17 years. The balance subscale
comprises three items for each age category, consisting of
two dynamic and one static test; a child’s raw score can
be converted into an age-based standard score and per-
centile equivalent for each subscale. Percentiles serve as
“Traffic Lights” to facilitate interpretation when commu-
nicating test results to caregivers and educators, with the
following zones: (a) the Red zone: represents percentile
scores at or below the 5th percentile, (b) the Amber zone:
represents percentile scores between the 6th and 15th
percentile, and (c) the Green zone: represents percentile
scores above the 15th percentile. The balance subscale of
the MABC-2 was administered at baseline, immediately
following the intervention, and 2 months post-interven-
tion [17].

The Quick Neurological Screening Test (QNST) was
applied to assess the secondary outcome at three dis-
tinct time duration: baseline, immediately following the
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intervention, and 2 months post-intervention. The QNST
is a concise, standardized instrument designed to evalu-
ate neurological function, requiring approximately 10-15
min for administration. It examines various dimensions
of neurological function, including cranial nerves, motor
function, sensory perception, and coordination. The
scoring system categorizes results as follows: a normal
score ranges from 0 to 25, a suspicious score from 26 to
50, and a pathological score is indicated by scores greater
than 50 [20].

Evaluation of adverse effects of tDCS

Subsequent to each session and during the follow-up
period, participants and their families were queried
regarding any side effects experienced as a result of the
stimulation process.

Intervention

The transcranial direct current stimulation (tDCS) ses-
sions were administered by a trained physiotherapist
utilizing a Brain PremierEl device (Shenzhen Yingcchi
Technology Co, China). Round sponge electrodes with
a diameter of 5 cm, soaked in saline, were employed to
deliver the direct current. Group I received stimulation
of the left primary motor cortex (M1) (C3) via the anodal
electrode of the tDCS, in accordance with the Interna-
tional System of Electrode Placement EEG 10-20 (Fig. 1);
the cathodal electrode was positioned over the right
supraorbital region (Fp2).

The current parameters were as follows: duration of 20
min and an intensity of 1 mill ampere, with a 30-s ramp-
up and ramp-down. Conversely, group II received sham
tDCS over the same area for the same duration (20 min);

Fig. 1 tDCS electrodes placement; anodal electrode over left primary
motor area (C3), the cathode over the right supraorbital area (Fp2)
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however, the stimulator was deactivated after 30 s to
ensure participant blinding. Participants in each group
attended 10 sessions of the respective intervention (5 ses-
sions per week for 2 weeks). Participants who failed to
attend at least 8 sessions in total were excluded from the
study [6].

Neurorehabilitation programme

Immediately following transcranial direct current stimu-
lation (tDCS), all participated children of both groups
were engaged in individualized exercises tailored to their
performance on the balance subscale of the Movement
Assessment Battery forChildren-2 (MABC-2). Each par-
ticipant underwent 10 sessions, over 2 weeks with five
sessions per week, each lasting 30 min. The exercises
were designed to enhance both static and dynamic bal-
ance and included activities such as balance board exer-
cises, Swiss ball exercises, balancing on one foot, walking
on tiptoes, walking on a balance beam heel-to-toe both
forward and backward, and jumping and hopping on one
leg in both straight and zigzag patterns [6, 21]. All the
previous steps are illustrated in the flow diagram (Fig. 2).

Results

Demographic data and clinical characteristics

This study comprised 60 participants, including 51 males
and 9 females, with ages ranging from 6 to 16 years. The
mean body mass index (BMI) of the participants was
20.95+1.5. The mean Childhood Autism Rating Scale
(CARS) score was 35.73+6.26, while the mean Vine-
land Adaptive Behaviour Scales score was 111.9 +20.94.
No statistically significant differences were observed in
the aforementioned parameters between the two groups
under study (Table 1).

Correlation between each of BMI, CARS, and Vineland
scores with the other studied parameters in group |

and group Il before intervention

In group I, there was a negative correlation between
MABC2 SD and BMI indicating that with increased body
weight there is more motor deficit. There was a positive
correlation between the QNST and CARS scores indicat-
ing that the more the severe the autistic symptoms the
more the deficit in QNST.

There was a positive correlation between the QNST
and Vineland scores indicating that lower adaptive
function is associated with more neurological deficit in
QNST.

In group II, there was a negative correlation between
MABC2 SD and BMI indicating that with increased body
weight there is more motor deficit.
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[ Enrollment J

Assessed for eligibility (n= 75)

Excluded (n=12)

+ associated with epilepsy (n=2),
Hearing device (n= 1), difficult
understanding the steps of the
rehabilitation (n=4) (total=7)

+ Unable to continue the intervention
(n=5)

Randomized (n= 63)

[ Allocation ]

Group 1 Allocated to intervention tDCs
sessions and motor rehabilitation (n=33)
+ Received tDCs sessions and motor
rehabilitation training (n=30):
+Unable to attend sessions (n= 3)

Group 2 Allocated to intervention (n=30)

+ Received motor rehabilitation training only
(n=30):

+ Unable to attend sessions (n= 0)

oo ) |

Group 1: Lost to follow-up (n= 0)

Group 2: Lost to follow-up (n=0)

o

Analysis

Grpup 1 Analysed (n=30)

Fig. 2 Flow diagram

Group 2 Analysed (n=30)
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Table 1 Demographic and clinical characteristic of the participants
All participants Group | Group Il Test value P-value Sig.
No- 60 No.=30 No.=30
Sex Females 9 (15.0%) 4(13.3%) 5(16.7%) 0.131* 0718 NS
Males 51 (85.0%) 26 (86.7%) 25 (83.3%)
Age Mean + SD 12.7+248 12.57 £3.00 12.83 £1.86 —-0414. 0.681 NS
Range 6-16 6-16 10-16
Height (cm) Mean + SD 14698 + 12.37 14557 +15.36 148.40 + 8.46 —0.885- 0.380 NS
Range 110-162 110-162 135-160
Weight (kg) Mean + SD 4587 £9.79 4440+ 11.50 4733+7.62 —1.164- 0.249 NS
Range 21-60 21-60 38-59
BMI Mean + SD 2095+1.5 20.58 +1.75 2132+1.12 —1.942. 0.057 NS
Range 1744 -24.03 17.44-24.03 19.9-23.05
CARS Mean + SD 3573+£6.26 34.83 +6.02 36.63 + 646 -1.116- 0.269 NS
Range 30-51 30-51 30-50
Vineland Mean + SD 111.9+ 2094 10827 £17.19 115.53 £ 23.86 —1.353. 0.181 NS
Range 79-148 79-148 80-148

P-value > 0.05: Non-significant

P-value < 0.05: Significant

P-value < 0.01: Highly significant

*: Chi-square test
«:Independent t-test

Table 2 Correlation between each of BMI, CARS and Vineland scores with the other studied parameters in group | and group Il before

intervention

BMI CARS Vineland
r P-value r P-value r P-value
Group |
MABC-2 balance subscale (pre)
Total score —-0.311 0.095 -0.170 0.369 0.320 0.084
D —0463** 0.010 —0.090 0.637 0.158 0403
Percentile —0.325 0.080 -0.019 0919 0.081 0.669
QNST total score pre 0.182 0.335 0.493** 0.006 —-0413% 0.023
Group Il
MABC-2 balance subscale (pre)
Total score —0.715** 0.000 -0401* 0.028 0.515%* 0.004
SD -0.337 0.069 —0.295 0.113 0.379* 0.039
Percentile —0.586** 0.001 —0.293 0.116 0491%* 0.006
QNST total score pre 0.118 0.535 -0.329 0.076 -0.284 0.128

P-value > 0.05: Non-significant

*P-value < 0.05: Significant

**P-value < 0.01: Highly significant Spearman correlation coefficient

There was a negative correlation between the MABC2

and CARS scores indicating that more severe autistic
symptoms is associated with more motor deficit.

There was a positive correlation between the MABC2
and Vineland scores indicating that higher adaptive func-
tion is associated with better motor function (Table 2).

Outcome parameters

— At baseline and according to the comparable per-
centiles of the balance subscale of MABC-2, partici-
pants in both groups were in the red zone (percen-
tile <5). There was no significant difference between
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Table 3 Comparison between group | and group Il regarding MABC-2 balance subscale and QNST
Parameter Group | Group Il Test value P-value Sig.
No.=30 No. =30
MABC-2 balance  Pre Total score Mean + SD 15.07 £ 1.86 1483+ 178 —0.795# 0427 NS
subscale
Range 10-17 13-17
SD Mean + SD 453 +0.82 433+£0.71 —1.506% 0.132 NS
Range 2-5 3-5
Percentile Mean + SD 390+ 1.62 340+ 1.52 —1.260# 0.208 NS
Range 0.5-5 2-5
Post Total score Mean + SD 12542 +38.04 28.12 +£23.80 —-6.492# 0.000 HS
Range 64.29-171.43 11.76-84.62
SD Mean + SD 182.17 £ 79.90 37.56 +2147 —6.602# 0.000 HS
Range 75-300 20-75
Percentile Mean + SD 1796.53 + 1159.56 609.33 +1233.85 —5.096# 0.000 HS
Range 640-4800 80-3700
follow-up Total score Mean + SD 133.25+47.10 25.12+£19.79 —6.6647 0.000 HS
Range 75-228.57 5.88-58.82
SD Mean + SD 187.67 £97.88 30.22 £26.11 —6.701# 0.000 HS
Range 80-375 0-66.67
Percentile Mean + SD 1982.50 £ 141845 160.00 + 147.62 —6.719# 0.000 HS
Range 640-4900 0-400
QNST Pre Total score Mean + SD 2930+ 13.53 2471924 —0.520= 0.603 NS
Range 8-59 9-45
Post Total score Mean + SD 746 +3.59 26.93 £ 10.00 —4.893# 0.000 HS
Range 1-35 8-37
Follow up Total score Mean + SD 12.20+9.90 26.93+ 10.00 —4.893 0.000 HS
Range 2-42 9-40

P-value > 0.05: Non-significant
P-value < 0.05: Significant
P-value < 0.01: Highly significant
#: Mann-Whitney test

both groups regarding MABC-2 balance subscale
total score, SD, and percentile (p=0.427, 0.132,
0.208 respectively) and QNST (p=0.603) at baseline
(Tables 3, 4, 5).

Both the post-intervention and 2-month follow-up
balance subscale of MABC-2 and QNST were sig-
nificantly higher in group I in comparison to group II
(Table 3).

Both patient groups showed a statistically significant
difference in MABC-2 balance subscale and QNST
when the baseline was compared to post-interven-
tion and when the baseline was compared to the fol-
low-up parameters (Table 4). Similarly, when the two

groups were compared regarding the percentage of
change from baseline to post-intervention and from
baseline to 2-month follow-up for the MBC-2 bal-
ance subscale and QNST, the percentage of change
was significantly higher in group I in comparison to
group II (Table 5).

tDCS’s adverse effects

tDCS was well tolerated; in group I, 4 patients (13.33%)
reported tingling sensation under the active electrodes
which disappeared after few seconds of stimulation; irri-
tability was reported by the mother of 3 children while
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Table 4 Comparison of outcome parameter (pre, post and at follows up) among each patient group
Parameter Pre Post Follow-up Test value P-value Sig.
MABC-2- balance Group | Total score Mean + SD 15.07 +1.86 3407 £7.36 34.80+6.71 46.974# 0.000 HS
Range 10-17 19-46 26-46
SD Mean + SD 453+082 1277 £4.31 1273 +£4.27 49.164= 0.000 HS
Range 2-5 6-19 8-19
Percentile Mean + SD 390+ 162 67.33 +34.08 64.89 + 31.04 49.164# 0.000 HS
Range 0.5-5 9-99.9 25-99.9
Group i Total score Mean + SD 1483+ 1.78 1890 +3.39 1853 +3.71 48.857# 0.000 HS
Range 13-17 15-24 15-27
SD Mean + SD 433+£0.71 587 +0.82 553+ 1.04 42.857# 0.000 HS
Range 3-5 5-7 5-8
Percentile Mean + SD 340+1.52 17.27 £23.70 820+ 6.84 42.857# 0.000 HS
Range 2-5 5-76 5-25
QNST Group | Total Mean+SD 2930+ 1353 746 £359 1220 +9.90 —4.789# 0.000 HS
Range 8-59 1-35 2-42
Group Il Total Mean+SD  2950+11.83  2693+1000  2693+£1000  —4.169# 0.000 HS
Range 9-45 8-37 9-40
P-value > 0.05: Non-significant
P-value < 0.05: Significant
P-value < 0.01: Highly significant
#: Friedman test
Table 5 Comparison between group | and Il regarding the percentage of change of the outcome parameters
Percentage of change Group | Group |l Testvalue  P-value Sig.
MABC-2 balance subscale  post Total score  Mean + SD 12542 + 38.04 28.12+23.80 —6.492+ 0.000 HS
Range 64.29-171.43 11.76-84.62
SD Mean + SD 182.17 £ 79.90 3756 £2147 —6.602# 0.000 HS
Range 75-300 20-75
Percentile Mean + SD 1796.53 + 1159.56 609.33 £ 1233.85 —5.096%= 0.000 HS
Range 640-4800 80-3700
Follow up  Total score Mean + SD 133.25+47.10 25.12+£19.79 —6.664# 0.000 HS
Range 75-228.57 5.88-58.82
SD Mean + SD 187.67 £97.88 3022 £ 26.11 —6.701# 0.000 HS
Range 80-375 0-66.67
Percentile Mean £ SD 198250 £ 141845  160.00 £ 147.62 —6.719# 0.000 HS
Range 640-4900 0-400
QNST post Total score Mean + SD —7859+13.85 -12.56 £391 6.664 0.000 HS
Range —40.68 - —-625-17.78
-96.67
Follow up Mean+SD —61.11+£14.00 —6.99 +4.62 —6.681# 0.000 HS
Total score Range —80.56 — -11.11-0
—-2881

P-value > 0.05: Non-significant
P-value < 0.05: Significant
P-value < 0.01: Highly significant
#: Mann-Whitney test



Abubakr et al. Middle East Current Psychiatry (2025) 32:102

sleepiness was reported by the mother of one patient
(10%, 3.33%) respectively, both disappeared by the fourth
day of tDCS sessions.

Discussion

Autism is classified as a developmental disorder, as
defined by the DSM-5, which identifies two primary
symptom domains: abnormal communication and social
interaction, and restricted, repetitive stereotyped behav-
iours, interests, or other activities [16]. Specific motor
signs associated with autism were first described in 1943
by Kanner, who noted motor clumsiness in children with
the disorder [22]. For several decades, clinicians and
researchers have advocated for increased attention to
issues affecting motor skills [23].

Altered motor coordination is prevalent among indi-
viduals with autism, impacting various movements such
as abnormal manual dexterity, poor balance, and irregu-
lar gait. However, motor coordination is not thoroughly
assessed, resulting in under diagnosed and untreated
motor coordination deficits [24, 25].

The tDCS is a non-invasive brain stimulation technique
that has gained prominence in the recent few last years as
an adjuvant treatment for many neurological and psychi-
atric conditions [14, 26—-28].

In this study, 60 autistic individuals were divided into
two groups, with no significant differences between the
groups in terms of sex, age, height, weight, or body mass
index (BMI). Additionally, their Childhood Autism Rat-
ing Scale (CARS) and Vineland scores showed no sig-
nificant differences, indicating that their symptoms and
adaptive behaviours are within the same range. Further-
more, both groups exhibited no significant differences
in the results of the Quick Neurological Screening Test
(QNST) and the Movement Assessment Battery for
Children-2 (MABC-2) regarding coordination and bal-
ance abilities. Group I was exposed to both tDCS and a
neuro-rehabilitation programme to improve balance,
while group II participated in the neuro-rehabilitation
programme only.

According to the MABC-2, the total balance subscale
scores of 60 autistic individuals indicated that 100%
of the sample fell within the “red zone,” with scores at
or below the 5th percentile. The total score for group I,
which received tDCS in conjunction with a neuro-reha-
bilitation programme, ranged from 10 to 17 on the bal-
ance subscale, with a mean of 15.07 +1.86. In contrast,
group II, which received only the neuro-rehabilitation
programme, exhibited scores ranging from 13 to 17,
with a mean of 14.83 +1.78. Both groups were positioned
within the red zone percentile scale, with group I scor-
ing between 0.5 and 5, and group II scoring between 2
and 5, indicating pathological neurological balance and
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coordination dysfunction. Neurological soft signs have
emerged as an obvious and promising method for assess-
ing autism-associated motor impairment [29, 30].

Motor problems in autism spectrum disorder (ASD)
are common yet often overlooked features of autism.
Recognition and management of these issues could be
enhanced by incorporating a domain-specific “specifier”
into the ASD diagnostic criteria. The inclusion of motor
impairment as a diagnostic specifier could facilitate new
opportunities for occupational therapy and other motor
skill interventions and accommodations [23, 25, 31].

In this study, the correlation between motor function,
the severity of ASD symptoms, and adaptive behaviour
demonstrated an equivocal relationship of significance,
consistent with the findings of other studies.

These studies indicate that although the severity of
autistic symptoms is related to motor dysfunction, the
relationship is not statistically significant [22-24].

In the current study, group I exhibited a significant cor-
relation between neurological dysfunction, as measured
by the QNST, and the severity of autistic symptoms on
the CARS (p=0.006).Furthermore, greater neurological
dysfunction on the QNST was significantly correlated
with poorer adaptive behaviour in autistic children and
adolescents, as assessed by the Vineland Adaptive Behav-
iour Scale (p=0.023).

In group I, there was no significant correlation between
the severity of symptoms on CARS and the poor adap-
tive score on Vineland scale, with MABC-2 balance sub-
scale, while in group II, there was a significant negative
correlation. The severity of symptoms in autistic chil-
dren and adolescents, as measured by the CARS, and the
lower scores on the Vineland Adaptive Behaviour Scales,
demonstrated a significant correlation with poorer out-
comes on the balance subscale of the MABC-2, with
p-values of 0.028 and 0.004, respectively. Conversely, no
significant correlation was observed between the sever-
ity of symptoms on the CARS or the Vineland and neu-
rological function as assessed by QNST in group II of
autistic children and adolescents. The findings suggest
that assessing motor function in individuals with autism
may require multiple scales to capture the full extent of
motor deficits. Utilizing a comprehensive motor function
assessment battery could more effectively identify subtle
signs of neurological dysfunction. In this study, among
the 60 participants, motor coordination difficulties were
identified using the Quick Neurological Screening Test
(QNST). Specifically, 5.88% of the participants scored
above 50, indicating a higher likelihood of pathological
motor incoordination. Meanwhile, 52.94% of the sample
scored between 26 and 50, which is considered a suspi-
cious range, and 41.18% scored below 25, indicating nor-
mal motor coordination. These findings are consistent
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with other studies that report clinically significant motor
problems in individuals with autism, ranging from 50 to
95% [23, 32].

In this study, the range of QNST scores for group I was
8 to 59, with a mean of 29.3 + 13.53, while group II exhib-
ited a score range of 9 to 45, with a mean of 29.5+11.83.
Both groups fall within the suspicious score range, indi-
cating the presence of neurological soft signs (NSS). This
result is consistent with other studies that have identi-
fied obvious deficits in motor coordination dysfunction
and sensory disintegration as markers in the diagnosis of
autism [22].

Despite substantial evidence indicating the presence of
motor impairments in individuals with ASD and the clin-
ical significance of these impairments, motor problems
are not yet included in the diagnostic criteria [29, 32].

In this study, the neurological dysfunction of the sam-
ple was classified within the suspicious range (26—-50) on
the QNST and within the red zone (<5th percentile) on
the MABC-2 scale, categorizing them under neurologi-
cal soft signs. Autistic individuals evidently require com-
prehensive support to develop the motor skills necessary
for successful engagement in daily activities, as well as in
their physical, cognitive, and social domains [25, 33].

Establishing a motor specifier could facilitate referrals
for comprehensive motor assessments by neuropsychia-
trists, physical therapists, and occupational therapists.
This would also enable autistic children to access motor-
related services [23, 24, 29].

Persistent motor difficulties in individuals with autism
constitute a substantial impediment to the execution of
autistic children’s daily activities, social and cognitive
development. These challenges are often accompanied by
impaired imitation, which subsequently leads to a series
of deficits in emotional expression, social sharing, joint
attention, and pretend play [10, 23].

Although individuals with autism may exhibit signifi-
cant motor difficulties, a relatively small number receive
a diagnosis of Developmental Coordination Disorder
(DCD) [23].

Research has demonstrated a considerable overlap in
the behavioural motor characteristics seen in autism,
which are regarded as NSS, and those associated with
DCD [22-24, 29].

There is also an overlap between social and communi-
cation disabilities, which manifest in the representation
of self and others [10, 30, 31, 34].

Regarding the results of the MABC-2 balance subscale,
group I, prior to intervention, was positioned in the red
zone percentile (0-5th percentile), with scores ranging
from 0.5 to 5 and a mean of 3.90+ 1.62. Similarly, group
II’s pre-intervention results also placed them in the red
zone percentile, with scores ranging from 2 to 5 and a
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mean of 3.40+1.52. There was no significant difference
between the two groups (p =0.20).

Following the intervention, group I exhibited a sub-
stantial improvement in their balance subscale per-
centile scores, ranging from 9 to 99.9, with a mean of
67.33+£34.08. In contrast, group II demonstrated a
range of 5 to 76, with a mean of 17.27+23.70. The dif-
ference between the groups was statistically significant
(»=0.0001), indicating a highly significant effect in group
II, which comprised individuals with ASD who were
exposed to both transcranial direct current stimulation
(tDCS) and rehabilitation. The follow-up results revealed
that group I maintained a percentile scale range of 25 to
99.9, with a mean of 64.89+31.04, suggesting that the
group exposed to tDCS and rehabilitation remained in
the favourable range after 2 months. Conversely, group
II's range decreased to 5 to 25, with a mean of 8.20 + 6.84,
indicating deterioration in balance subscale abilities
to a less favourable range after two months. The differ-
ence remained highly significant in favour of group I
(»=0.0001).

The results of the MABC-2 balance subscale demon-
strated a significantly notable effect of tDCS on balance
in children and adolescents with ASD, with effects per-
sisting longer than those achieved through neurological
rehabilitation training alone. Furthermore, when com-
paring the percentage of change between the two groups
post-intervention, the total score percentage in group I
was 125.42, whereas the percentage of change in group II
was only 28.12. The percentage of change in the MABC-2
balance subscale follow-up for group I was 133.25,
whereas for group II, it was only 25.12, indicating highly
significant difference (p=0.0001). These results suggest a
more substantial and rapid improvement in the balance
subscale, as well as significant maintenance of effect in
group I, utilizing tDCS as a non-invasive brain stimula-
tion method in children and adolescents with autism. The
comparison of group II’s scores on the QNST pre-inter-
vention ranged from 8 to 59, with a mean of 29.30+13.53,
indicating a suspicious level of neurological coordination
soft signs deficits. Post-intervention, following 10 ses-
sions of tDCS over 2 weeks and a neuro-rehabilitation
programme, scores returned to normal neurological
levels, with a range of 1 to 35 and a mean of 7.46+3.59,
reflecting a highly significant positive percentage change
of approximately 80.65%.

During the 2-month follow-up period, the scores
remained within the normal range (less than 25), specifi-
cally between 2 and 42, with a mean of 12.20+9.90, indi-
cating sustained improvement (p=0.001) with a highly
significant difference. Conversely, in group II, the pre-
intervention scores for the QNST ranged from 9 to 45,
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with a mean of 29.50 + 11.83, suggesting a suspicious level
of neurological coordination soft signs deficit (26—50).

Post-intervention, the scores showed a slight improve-
ment, ranging from 8 to 37, with a mean of 24.71 +9.24.
After 2 months, the follow-up scores ranged from 9 to
40, with a mean of 26.93+10.0, demonstrating a highly
significant difference (p=0.0001) in the maintenance of
improvement, although the scores remained at a suspi-
cious level of neurological dysfunction (26-50). A com-
parison of the percentage of change in QNST scores
post-intervention and during follow-up between group
I and group II revealed that the range of improve-
ment in group I was from—80.56 to—28.81, with a
mean of —61.11+14.00, whereas in group II, the range
was from—11.11 to 0, with a mean of—6.99+4.61
(p=0.0001). These results indicate a very high signifi-
cance, suggesting that the combined effect of tDCS and
rehabilitation was almost ten times more effective than
neurological rehabilitation alone, both post-intervention
and during follow-up.

Consistent with recent controlled trials, promising
results have been observed regarding the use of tDCS
in ASD [14, 26]. Although the current study employed a
tDCS intensity of 1 mA, whereas Mahmoodifar et al. uti-
lized an intensity of 1.5 mA, the efficacy of tDCS in the
present study demonstrated comparable outcomes. Both
studies applied tDCS to the primary motor cortex [6].

Consistent with the findings of the current study,
Mahmoodifar et al. demonstrated that autistic children
aged 6 to 14 years who received both actual transcranial
direct current stimulation (tDCS) and motor skill train-
ing exhibited significantly better balance compared to
those who received sham tDCS and motor skill training
[6]. Other studies applied anodal tDCS to the left dor-
solateral prefrontal cortex. It was observed that anodal
tDCS significantly improved the abnormal motor-related
functions associated with autism spectrum disorder
(ASD), extending beyond socio-behavioural dysfunction
and repetitive motor mannerisms. These improvements
included enhancements in gait abnormalities, gross and
fine motor function impairments, basic motor control
deficits, and reduced postural stability [10, 26, 35].

The observed effects of anodal tDCS may be attrib-
uted to its ability to reduce gamma-amino butyric acid
(GABA) levels within the primary sensory-motor cor-
tices. These cortices are crucial in the context of motor
learning dysfunction and behavioural abnormalities in
children with autism [23, 25, 33].

GABA and glutamic acid are the main inhibitory and
excitatory neurotransmitters in the brain respectively,
which have an important role in physiological processes
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[36]. A recent research revealed that glutamic acid levels
were increased in areas stimulated by tDCS [37].

There was an association between glutamatergic plas-
ticity and the long-term effects of anodal tDCS on the
primary motor cortex (M1) [38]. Another study revealed
that application of anodal tDCS to the left primary sen-
sorimotor area elevated glutamic acid concentrations
significantly in the precentral gyrus and increased the
functional connectivity in this area [39].

N-acetyl aspartate (NAA) affects neuronal and axonal
integrity and acts as an indicator of neuronal connectivity
[40]. In autistic cases, brain metabolites such as N-acetyl
aspartate, Creatine, and myo- inositol levels were signifi-
cantly increased following anodal tDCS [41].

Additionally, it has been suggested that the benefits of
tDCS may include the enhancement of glial cell activity,
modulation of mirror neurons, or the adjustment of the
atypical excitation/inhibition balance in the autistic brain
[14, 26, 27].

Studies have also indicated that the application of a
weak electric current can alter the membrane potential of
neurons, leading to spontaneous firing rates and changes
in the neurons’ discharge threshold [26].

The tDCS improves motor abilities and motor skill by
modifying the neuronal resting membrane potential,
strengthening synaptic plasticity, and enhancing and the
functional connectivity of neural networks [42], which
enhances regional cerebral blood flow (rCBF) leading to
activation and enhancement of specific brain regions,
and liberating excitatory neurotransmitters [43]. It modi-
fies the polarity of neuronal membrane in the cerebral
cortex [44].

It has been observed tDCS enhances motor skill func-
tion in children with ASD, thereby improving their social
cognition and imitation functions, which positively influ-
ences their social interaction and sociability [10]. As an
alternative therapeutic tool for children with ASD, tDCS
facilitates more appropriate motor behaviours, such as
body gestures and meaningful facial expressions, which
are essential for successful social interaction. These
behaviours are based on properly coordinated movement
and integrated sensory-motor and balance abilities [22,
25, 29, 31, 35].

Recent research indicates that tDCS is a promising
intervention for mitigating symptoms of ASD, as well
as enhancing both motor skills and neuropsychologi-
cal functions [25, 26, 45]. Positive outcomes from tDCS
studies involving children with ASD demonstrate that
the neuroplastic effects of tDCS over the motor and pre-
frontal regions persist for 6 months post-treatment, cor-
relating with improvements in the severity of autistic
symptoms [27, 35].



Abubakr et al. Middle East Current Psychiatry (2025) 32:102

Other previous researches have indicated that tDCS
may confer benefits that persist for up to 1 year, thereby
reducing the severity of autistic symptoms in the affected
population [14, 27]. Furthermore, the application of
anodal tDCS in conjunction with conventional rehabilita-
tion has been associated with more rapid improvements
in motor, cognitive, and behavioural domains among
children with autism spectrum disorder (ASD) [14,
26-28].

Conclusion

tDCS is a non- invasive new adjuvant therapeutic
approach in ASD. The current study revealed that severe
autistic symptoms are associated with greater motor defi-
cits. Immediately after applying tDCS sessions alongside
neurorebilitation programme; balance subscales and
neurological deficits improved significantly more than
applying neurorebilitation programme alone and this
effect continued in the follow- up after 2 months of the
intervention.

Recommendation

These preliminary findings indicate that transcranial
direct current stimulation (tDCS) may enhance motor
skills training in children with autism spectrum disorder
(ASD). However, further research involving larger sample
sizes, encompassing participants with varying levels of
autism severity, is necessary. Additionally, a comprehen-
sive assessment of motor skills, correlated with cognitive,
social, and emotional aspects beyond the motor func-
tions of individuals with ASD, is required. This should be
conducted using diverse tDCS stimulation modalities to
substantiate the practical application of this non-invasive
brain stimulation in children with autism and other neu-
rodevelopmental disorders.

Limitation of the study

Despite the special needs care centre being a tertiary
facility with an autism rehabilitation unit that handles
numerous cases, only 60 participants consented to par-
take in the study. This limited sample size is attributed to
the fact that tDCS is not yet a widely recognized thera-
peutic approach in Egypt. Furthermore, the study was
conducted as a single-centre clinical trial.
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