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Abstract

Background: One of the most common movement disorders in children with cerebral palsy (CP) is upper limb function

impairment. This limitation can lead to increased dependency in daily life activities and self-care. Recently, a new treatment

method called transcranial direct current stimulation (tDCS) has been developed to improve hand function in neurological

disorders involving upper limb impairments.

Objectives: This study aimed to investigate the effectiveness of the tDCS technique, combined with occupational therapy

exercises, on upper limb function in children with CP.

Methods: In this randomized clinical trial, 50 children aged 5 - 10 years with hemiplegic CP were randomly divided into two

groups: An experimental group and a control group, with 25 children in each. The experimental group received 45 minutes of

occupational therapy exercises along with 20 minutes of electrical stimulation via tDCS, while the control group received

therapy exercises with the tDCS in off mode. The intervention lasted four weeks, with five sessions per week. Upper extremity

motor function was assessed using the Fugl-Meyer test, and gross manual dexterity was evaluated with the Box and Block test.

The Bruininks-Oseretsky test was employed to assess fine and gross motor skills across four motor areas: Fine manual control,

manual coordination, body coordination, and strength and agility. Outcomes were measured in both groups before and after

the 4-week interventions. An independent t-test or Mann-Whitney test was used for between-group comparisons.

Results: The study results showed that all outcomes related to upper limb function improved in both groups after the 4-week

intervention. However, the group that received tDCS alongside routine occupational therapy demonstrated significantly greater

improvement compared to the group that received only routine occupational therapy (P < 0.001). Moreover, no significant side

effects were observed during or after the use of tDCS.

Conclusions: The results suggest that although both therapy exercises and tDCS interventions individually enhance upper

limb function in children with unilateral CP, the combined use of these two interventions led to significantly better outcomes

compared to routine occupational therapy alone. This finding underscores the clinical applicability of incorporating both

modalities into rehabilitation programs for children with CP. Therefore, combining occupational therapy exercises with tDCS is

recommended for improved results in enhancing upper limb function in CP.
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1. Background

Cerebral palsy (CP) is a childhood condition that
causes permanent motor disabilities. Depending on the

type and severity of CP, children may experience

neuromuscular problems such as spasms, contractures,

lack of coordination, and weakness. These issues can
lead to impairments in motor function and daily

activities (1). Hand function is an important aspect of
motor function, involving tasks such as reaching for a

target, grasping, manipulating, and releasing objects.
Children with CP need to coordinate their movement
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sequences and visual perception skills to perform these

tasks effectively (2). However, upper limb function is

often limited in children with CP due to changes in
muscle tone, contractures of upper limb joints, and a

restricted range of joint motion. These limitations can
cause difficulties in play and self-care activities,

increasing the dependence of children with CP in their

daily routines (2-4).

The goal of hand function rehabilitation is to prevent

further deformities, enhance manual abilities, increase

independence, and improve the overall quality of life for

individuals (4). Various rehabilitation treatments are

available to improve upper limb function in children

with CP, including bimanual task training, constraint-

induced movement therapy, context-focused therapy,

goal-directed training/functional task training, and

transcranial direct current stimulation (tDCS).

Transcranial direct current stimulation is a non-invasive

brain stimulation technique that applies a low-intensity

electrical current directly to specific areas of the brain

via electrodes placed on the scalp. It can modulate the

resting potential of the neuronal membrane, thereby

altering cortical excitability (5). The effectiveness of

tDCS depends on the current concentration, which is

determined by the strength of the electric field and the

size and power of the electrodes. It has been proven that

higher current densities lead to stronger stimulation

effects (6). Additionally, when tDCS is used repetitively, it

can induce long-term changes in cortical function that

may enhance functions impaired in musculoskeletal

and neurological disorders. Thus, tDCS can modulate

brain waves by delivering an electric current at a specific

frequency, and if applied over a prolonged period, it can

also induce neuroplasticity effects (7-9).

Studies on the use of tDCS for children with CP are

limited and inconsistent compared to those conducted

on stroke patients. While there have been studies

examining the effect of tDCS on balance, gait, and lower

limb function in children with CP, research on its

impact on upper limb function is lacking (10-12).

Previous studies have primarily focused on stimulating

the lesioned hemisphere, whereas this study aimed to

inhibit the non-lesioned hemisphere. Since

rehabilitation treatments for hand function in children

with CP can be slow and time-consuming, exploring

auxiliary techniques may be beneficial in achieving

faster improvements in upper limb function (5, 13).

Transcranial direct current stimulation can be

applied in two ways: Stimulating the lesioned
hemisphere or inhibiting the non-lesioned hemisphere.

This technique can alter the activity and functional

connectivity of brain networks in both hemispheres by

affecting biological tissues and modulating cell

membrane potential. According to the literature, only a

limited number of articles have explored the technique
of inhibiting the non-lesioned hemisphere, and these

studies have typically involved immediate effects of
tDCS and a small number of intervention sessions.

Therefore, it is necessary to further investigate the effect

of this technique, specifically in the form of inhibiting
the non-lesioned hemisphere, with more intervention

sessions in children with CP.

2. Objectives

This study aimed to investigate the impact of tDCS, in

combination with routine occupational therapy

exercises, on upper limb function in children with CP.

3. Methods

3.1. Participants

Fifty hemiplegic CP patients diagnosed by a

neurologist were selected for a double-blind clinical

trial from those who had referred to Karaj clinics. The

patients were chosen using non-probability sampling.

The study included children aged 5 - 10 years who had

been diagnosed with unilateral CP, exhibited difficulty

in gross manual dexterity, and had no unstable medical

conditions such as epilepsy or any disease that increases

brain activity. All participants had mild spasticity based

on the Modified Ashworth Scale and were classified as

Level I or II on the gross motor function classification

system (GMFCS), indicating that they could walk

independently or with orthopedic shoes. Patients with

metal implants near the electrode site or those receiving

other auxiliary treatments, such as Botox injections in

the upper limb during the intervention period, were

excluded from the study. This study was approved by the

Ethical Committee of Shahid Beheshti University of

Medical Sciences under the code

IR.SBMU.RETECH.REC.1402.096 and was registered in the

clinical trial registry with the code

IRCT20220725055552N1.

A pilot study was conducted on two groups, each

consisting of six CP children, to determine the sample

size. Based on the mean and standard deviation of the

gross manual dexterity variable in each group, it was
determined that at least 22 participants would be

needed. Therefore, the present study was conducted

with 50 participants, divided into two groups of 25 CP

children each.

An independent researcher performed the block

randomization method using a computer-generated
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random number list to assign participants to real tDCS

and sham tDCS groups, with an allocation ratio of 1:1,

using random block sizes of two. Additionally, the

allocation sequence was concealed from the researcher

enrolling and evaluating participants.

3.2. Data Gathering Tools

3.2.1. The Transcranial Direct Current Stimulation Device

The ActivaDose tDCS device from Active Tek Company,

United States, was used in this research. It is capable of

increasing the current intensity up to 5 milliamps. For

this study, the intensity was set to 1.5 milliamps. The

device features an LCD screen and adjustment buttons,

two anode electrodes (stimulating) and two cathode

electrodes (inhibitory), two square rubber sheets to

hold the head electrodes, two sponge pads, and two

bands to secure the pads in place on the head.

3.2.2. Fugl-Meyer Test

To measure motor function with high inter-rater and

intra-rater reliability, the Fugl-Meyer test was used in

this study (14). The test includes 33 items for the upper

limb and 17 for the lower limb, with scoring based on

direct observation of performance. The scale uses a 3-

point ordinal system where 0 indicates an inability to

perform, 1 indicates partial performance, and 2 indicates

full performance. The total score is the sum of all items,

with a maximum of 66 for the upper limb and 34 for the

lower limb. Each task should be completed within a

reasonable time frame, with a 20-second cutoff per

attempt and a maximum of 3 attempts per test item,

based on experience.

3.2.3. Box and Block Test

In this study, the Box and Block Test was used to

measure gross manual dexterity with the use of an

upper limb prosthetic device. It is a valid and reliable

test applicable to various populations, including

individuals with CP (15). The standardized equipment

consists of a wooden box measuring 53.7 cm × 25.4 cm ×

8.5 cm, with a partition dividing it into two

compartments of 25.4 cm each, and 150 wooden cubes,

each measuring 2.5 cm. Participants are scored based on

the number of blocks they move from one

compartment to the other within 60 seconds.

3.2.4. Bruininks Oseretsky Test

The Bruininks-Oseretsky test is a reliable and valid

assessment tool used to measure fine and gross motor

skills in children across four motor areas: Fine manual

control, manual coordination, body coordination, and

strength and agility. It consists of eight sub-tests and is

available in a complete form with 53 items or a short

form with 14 items, which was used in this study. The
short form has been shown to have high validity and

reliability in school-aged children (16, 17).

3.3. Procedure

The study began with an explanation of the

procedures and potential complications to the families.

After obtaining consent, the participants were randomly

assigned to either the experimental or control group.

The evaluator conducted the Fugl-Meyer, Box and Block,

and Bruininks-Oseretsky tests on all children before the

intervention sessions began. For the tDCS intervention

in the experimental group, the child sat on a chair, and

the electrodes were connected to the device. The

stimulation points on the subjects' heads were

identified based on the international 10 - 20 system (18).

Measurements were taken from the middle of the nasal

bridge to the middle and end of the occiput, and the Fz,

Cz, Pz, and the midpoint between O1 and O2 on the

occipital cortex were marked. A pad with the anode

electrode was fixed in the O1 region and a pad with the

cathode electrode in the O2 region using a strap tape,

and the device was adjusted (Figure 1). The experimental

group received stimulation for 20 minutes in the

primary motor area of the non-lesioned hemisphere,

with a current intensity of 1.5 milliamps (cathode) and

in the supraorbital area (anode).

After the tDCS session, routine occupational therapy
exercises were conducted to improve hand function,

such as reach and grasp exercises, releasing objects with
one hand and two hands through activities, and

improving object manipulation skills with games. These

exercises included threading beads, moving a ball from
a height, throwing a ball with the involved hand,

separating small objects, and strengthening wrist
muscles. The occupational therapy sessions lasted for 45

minutes.

In the study, the control group underwent a 20-

minute intervention where the current was cut off after

30 seconds. The participants were unaware of the

current interruption during the intervention, and

occupational therapy exercises were performed for 45

minutes. The intervention was conducted for four

weeks, with five sessions per week. After the treatment

sessions, the participants were evaluated using the Fugl-

Meyer, Box and Block, and Bruininks-Oseretsky tests.

Since all therapeutic interventions were conducted face-

to-face under the supervision of the occupational

https://brieflands.com/articles/ijp-148515
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Figure 1. Electrode sites in transcranial direct current stimulation (tDCS)

therapist (main researcher), all subjects participated in

every therapeutic session and completed the study. The

steps of the study are outlined in the CONSORT

flowchart (Figure 2).

The evaluator, participants, and statistician were all

blinded to the group assignments. Additionally,

participants were unaware of the type of stimulation

they received (sham or real tDCS). While the therapeutic

interventions were administered by the main

investigator, the outcome measures were evaluated by
another person.

3.4. Statistical Analysis

The statistical analysis of the data was performed

using SPSS 21 software with a significance level of P <

0.05. The normality of the data was assessed using the

Shapiro-Wilk test. For intra-group comparisons, a paired

t-test was used for data with a normal distribution, and

the Wilcoxon test was used for data without a normal

distribution. For inter-group comparisons, pre- and

post-intervention, an independent t-test was used for

data with a normal distribution, and the Mann-Whitney

test was used for data without a normal distribution.

Additionally, the effect sizes of each variable were

calculated based on Cohen's D, with values higher than

70 percent indicating a high impact of the intervention.

4. Results

A total of 50 CP patients were evaluated and analyzed

in the study, with 25 in each group. Of the participants,

56% were boys, 56% were aged between 7 - 10 years old,

and 44% were aged between 5 - 7 years old. Additionally,

52% of the participants had left-sided hemiplegia. Table 1

displays the mean, standard deviation, and median of

the variables.

There was no significant difference in the mean of all

variables related to upper limb function before the

intervention between the two groups (P > 0.05).

The outcome measures showed a significant

improvement (increase) in both groups after the 4-week

intervention compared to pre-intervention (P < 0.001,

Table 2). However, the mean difference in the

experimental group was higher than that of the control

group, indicating a significant improvement in all

outcome measures in the experimental group

compared to the control group in the post-treatment

results (Table 2). Based on the effect size values reported

https://brieflands.com/articles/ijp-148515
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Figure 2. CONSORT flowchart

in Table 2, the tDCS intervention had a high impact

(effect size > 0.70) on all research variables.

Moreover, no significant side effects were observed

during or after the use of tDCS in this study.

5. Discussion

During the rehabilitation process, neuromodulation

techniques are used to enhance the effectiveness of local

synapses and modify maladaptive plasticity patterns

that may occur following a cerebral cortex lesion.

Transcranial direct current stimulation is a non-invasive

treatment that stimulates or inhibits the primary motor

cortex by delivering a low-intensity direct current

through surface electrodes. This neuromodulation tool

can alter the activity and functional connectivity of

brain networks in both hemispheres by affecting

biological tissues and modulating cell membrane

potential. When a continuous weak electric current is

applied to the scalp using the anode electrode, it

increases the excitability of the motor cortex, while the

cathode electrode reduces motor cortex stimulation (19,

20).

The results of this study demonstrated that both

groups showed improvement in all upper limb function

outcomes after the intervention. However, the group

https://brieflands.com/articles/ijp-148515
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Table 1. Mean, Standard Deviation, and Median for Outcome Measures of Two Groups a, b

Variables

Experimental Group (n = 25) Control Group (n = 25)

Pre-
treatment

Post-
treatment

Mean
Difference

Pre-
treatment

Post-
treatment

Pre-
treatment

Post-
treatment

Mean
Difference

Pre-
treatment

Post-
treatment

Gross manual
dexterity 66.36 ± 8.45 101.20 ± 9.22 34.84 70 100 63.36 ± 15.43 73.36 ± 15.42 10 65 74

Manual
coordination

25.56 ± 1.58 37.68 ± 1.63 12.12 26 38 22.84 ± 3.69 29.68 ± 3.57 6.84 24 31

Fine manual
control

27.32 ± 3.73 39.80 ± 1.80 12.48 28 41 26.52 ± 4.44 34.36 ± 5.01 7.84 27 36

Body
coordination 25.56 ± 3.83 38.08 ± 2.74 12.52 27 40 24.12 ± 4.20 31.96 ± 4.40 7.84 25 32

Strength and
agility

29.72 ± 3.29 43.04 ± 2.39 13.32 30 44 26.16 ± 5.11 33.72 ± 4.81 7.56 27 35

Motor function 35 ± 4.99 51.72 ± 4.12 16.72 35 53 34.76 ± 6.85 40.88 ± 6.41 6.12 35 42

a Values are expressed as mean ± SD or median.

b Mean difference: Difference between mean post treatment and mean pretreatment.

Table 2. Significance Level (P-Value) of the Outcome Measures for Intragroup and Intergroup Comparisons

Variables
Intragroup Pre-post Comparison in
Experimental Group (n = 25)

Intragroup Pre-post Comparison in
Control Group (n = 25)

Intergroup Comparison After
Intervention

Effect size
(Cohen's D)

Gross manual
dexterity < 0.001 < 0.001 < 0.001 2.19

Manual
coordination

< 0.001 < 0.001 a < 0.001 a 2.88

Fine manual
control < 0.001 < 0.001 a < 0.001 a 1.44

Body coordination < 0.001 < 0.001 a < 0.001 a 1.66

Strength and
agility < 0.001 < 0.001 a < 0.001 a 2.45

Motor function < 0.001 < 0.001 a < 0.001 a 2.01

a Non-parametric test.

that received tDCS exhibited more significant

improvement than the control group, which only

received routine occupational therapy.

The findings of the current study align with previous

research that highlighted the positive effects of tDCS

intervention on upper limb function in neurological

diseases such as stroke or CP. However, it is important to

note some differences in the treatment protocol of this

study compared to previous ones. In earlier studies on

upper limb function in children with CP, the tDCS

treatment protocol focused on stimulating the lesioned

hemisphere (19-21). In contrast, the present study

inhibited the non-lesioned hemisphere, allowing for

increased activity in the lesioned hemisphere. The

improvement in past studies was often less long-lasting,

potentially due to the smaller number of treatment

sessions (19), or immediate improvement was reported

without long-term follow-up (21). In Moura et al.'s study

(20), as in other previous studies (22, 23), overall hand

function was assessed using tests like the quality of

upper extremity skills. However, in the present study,

upper limb function and abilities were examined in

greater detail.

The present study followed a treatment protocol

consistent with Rich et al.'s study, which involved

inhibiting the non-lesioned hemisphere with a current

of 1.5 milliamps for twenty minutes (22). However, there

were differences in terms of the combination of

interventions, sample size, age, and the number of

treatment sessions. In Rich et al.'s study, bimanual

training was conducted for ten sessions on only eight CP

children aged seven to twenty-one after inhibiting the

non-lesioned hemisphere (22). In contrast, the present

study involved exercises such as throwing and moving a

ball, strengthening wrist muscles, threading beads, and

separating small objects for twenty sessions following

tDCS in twenty-five children with CP aged five to ten

years. Another twenty-five children with CP performed

https://brieflands.com/articles/ijp-148515
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these occupational therapy exercises with sham tDCS as

the control group, with significant improvement in

measured outcomes in both groups.

Gillik et al.'s study involved ten consecutive weekday

sessions of tDCS applied to the non-lesioned

hemisphere (20 minutes) concurrently with constraint-

induced therapy (120 minutes), and both groups

showed significant improvement in hand function after

the intervention. While complications such as

headaches and itchiness were commonly reported, no

significant effect of tDCS was observed in that study (23).

This study aligns with theirs in terms of the significant

improvement in hand function and the inhibition

protocol, though this study used a 1.5 milliamp current,

while Gillik et al.'s study (23) used 0.7 milliamps.

Additionally, no significant side effects were observed in

this study. Systematic reviews also reported no serious

adverse events during tDCS in pediatric populations,

with tolerability improving over time and side-effect

frequency decreasing (24, 25). The slight differences in

results may be due to the auxiliary techniques used in

addition to the tDCS technique, as constraint-induced

therapy was used in their study, while a different

therapy technique was used in the present study.

Moreover, the evaluation methods for upper limb

function may also explain the differences between this

study and the previous two. In earlier studies, hand

function was assessed more generally, while the present

study examined it in greater detail.

As mentioned, tDCS can be applied by stimulating

the lesioned hemisphere or inhibiting the non-lesioned

hemisphere. However, only a limited number of articles

have been published on this subject in the last twenty

years, and out of this small number, only two studies

have specifically examined the effect of inhibiting the

non-lesioned hemisphere (22, 23). These previous

studies have been criticized for their small sample sizes,

the immediate effect of tDCS, or the limited number of

intervention sessions. To our knowledge, the present

study is the only one to investigate the effect of tDCS by

inhibiting the non-lesioned hemisphere in a larger

sample of CP children. Furthermore, this study assessed

upper limb function in detail using tDCS. Based on the

results of this and previous studies, we can conclude

that tDCS, combined with other occupational therapy

exercises, has a positive effect on improving upper limb

function and can be used as a non-pharmacological

rehabilitation method.

The present study had some limitations that should

be considered when interpreting the results. One

limitation was that only children aged five to ten years

were evaluated, whereas previous studies included

participants with a wider age range. Therefore,

generalizing the results of this study to other age

groups should be done with caution. Another limitation

was that the type of hemiplegia (left or right) was not

compared. Future studies could investigate the effect of

age on the improvement of upper limb function in

children with CP while conducting the intervention.

Additionally, types of CP (quadriplegia and diplegia)

were not included in our study. Finally, the lack of a

follow-up period after the treatment phase meant that

the lasting effect of tDCS could not be determined.

Therefore, evaluating the long-term effects of the

interventions could further clarify the differences

between the two treatments.

5.1. Conclusions

This study demonstrated that while both therapeutic

interventions improved upper limb function in children

with unilateral CP, the combined intervention of tDCS

and occupational therapy was more effective in

improving outcome measures compared to routine

occupational therapy alone. These results have clinical

implications and suggest that using these modalities in

a rehabilitation program for children with CP is

recommended.

5.2. Clinical Implications

- Transcranial direct current stimulation is a non-

invasive treatment that stimulates or inhibits the

primary motor cortex by applying a low-intensity direct

current through surface electrodes.

- The combined intervention of tDCS and

occupational therapy is recommended for achieving

better results in improving upper limb function in

children with CP.

Footnotes

Authors' Contribution: Conceptualization: R. A. K;

methodology: B. G., Z. E.; investigation: B. G.; data

Analysis: R. A. K.; writing-original draft: B. G., Z. E.;

writing-review, and editing: R. A. K.

Clinical Trial Registration Code:

IRCT20220725055552N1 .

Conflict of Interests Statement: The authors have no

conflicts of interest to declare.

Data Availability: No new data were created or

analyzed in this study. Data sharing does not apply to

this article.

https://brieflands.com/articles/ijp-148515
https://irct.behdasht.gov.ir/trial/64932


Ebrahimabadi Z et al. Brieflands

8 Iran J Pediatr. 2025; 35(1): e148515

Ethical Approval: This study is approved under the

ethical approval code of IR.SBMU.RETECH.REC.1402.096 .

Funding/Support: There is no funding to report for

this submission.

Informed Consent: After obtaining consent, the

participants were randomly assigned to either the

experimental or control group.

References

1. Ostensjo S, Carlberg EB, Vollestad NK. Motor impairments in young

children with cerebral palsy: relationship to gross motor function

and everyday activities. Dev Med Child Neurol. 2004;46(9):580-9.

[PubMed ID: 15344517]. https://doi.org/10.1017/s0012162204000994.

2. Hanna SE, Law MC, Rosenbaum PL, King GA, Walter SD, Pollock N, et

al. Development of hand function among children with cerebral

palsy: growth curve analysis for ages 16 to 70 months. Dev Med Child

Neurol. 2003;45(7):448-55. [PubMed ID: 12828398].

3. Arner M, Eliasson AC, Nicklasson S, Sommerstein K, Hagglund G.

Hand function in cerebral palsy. Report of 367 children in a

population-based longitudinal health care program. J Hand Surg Am.

2008;33(8):1337-47. [PubMed ID: 18929198].

https://doi.org/10.1016/j.jhsa.2008.02.032.

4. Barroso PN, Vecchio SD, Xavier YR, Sesselmann M, Araujo PA, Pinotti

M. Improvement of hand function in children with cerebral palsy via

an orthosis that provides wrist extension and thumb abduction. Clin

Biomech (Bristol, Avon). 2011;26(9):937-43. [PubMed ID: 21689874].

https://doi.org/10.1016/j.clinbiomech.2011.05.006.

5. Wagner T, Fregni F, Fecteau S, Grodzinsky A, Zahn M, Pascual-Leone A.

Transcranial direct current stimulation: a computer-based human

model study. Neuroimage. 2007;35(3):1113-24. [PubMed ID: 17337213].

https://doi.org/10.1016/j.neuroimage.2007.01.027.

6. Nitsche MA, Cohen LG, Wassermann EM, Priori A, Lang N, Antal A, et

al. Transcranial direct current stimulation: State of the art 2008.

Brain Stimul. 2008;1(3):206-23. [PubMed ID: 20633386].

https://doi.org/10.1016/j.brs.2008.06.004.

7. Lee Y, Yang H, Jeong C, Yoo Y, Jeong S, Jeon O, et al. The Effects of

Transcranial Direct Current Stimulation on Functional Movement

Performance and Balance of the Lower Extremities. J Physical Ther Sci.

2012;24(12):1215-8. https://doi.org/10.1589/jpts.24.1215.

8. Diego APN, Leung AW. Transcranial direct current stimulation for

improving gross motor function in children with cerebral palsy: A

systematic review. British J Occupational Ther. 2020;83(7):418-31.

https://doi.org/10.1177/0308022619897885.

9. Hilderley AJ, Wright FV, Taylor MJ, Chen JL, Fehlings D. Functional

Neuroplasticity and Motor Skill Change Following Gross Motor

Interventions for Children With Diplegic Cerebral Palsy. Neurorehabil

Neural Repair. 2023;37(1):16-26. [PubMed ID: 36524254]. [PubMed

Central ID: PMC9896542]. https://doi.org/10.1177/15459683221143503.

10. Fleming MK, Theologis T, Buckingham R, Johansen-Berg H.

Transcranial direct current stimulation for promoting motor

function in cerebral palsy: a review. J NeuroEngineering Rehabil.

2018;15(1):121. https://doi.org/10.1186/s12984-018-0476-6.

11. Grecco LA, Duarte NA, Zanon N, Galli M, Fregni F, Oliveira CS. Effect of

a single session of transcranial direct-current stimulation on

balance and spatiotemporal gait variables in children with cerebral

palsy: A randomized sham-controlled study. Braz J Phys Ther.

2014;18(5):419-27. [PubMed ID: 25372004]. [PubMed Central ID:

PMC4228627]. https://doi.org/10.1590/bjpt-rbf.2014.0053.

12. Hassan Z, Hussain SA, Rasanani MRH, Talebian S, Shadmehr A,

Bagheri H, et al. Transcranial Direct Current Stimulation for

Improving Spasticity, Gross Motor Functions, Balance and Gait in

Spastic Cerebral Palsy: Systematic Review of Clinical Trials. J Health

Rehabil Res. 2024;4(1):351-9. https://doi.org/10.61919/jhrr.v4i1.372.

13. Wichers M, Hilberink S, Roebroeck ME, van Nieuwenhuizen O, Stam

HJ. Motor impairments and activity limitations in children with

spastic cerebral palsy: a Dutch population-based study. J Rehabil Med.

2009;41(5):367-74. [PubMed ID: 19363571].

https://doi.org/10.2340/16501977-0339.

14. Sanford J, Moreland J, Swanson LR, Stratford PW, Gowland C.

Reliability of the Fugl-Meyer assessment for testing motor

performance in patients following stroke. Phys Ther. 1993;73(7):447-

54. [PubMed ID: 8316578]. https://doi.org/10.1093/ptj/73.7.447.

15. Liang KJ, Chen HL, Shieh JY, Wang TN. Measurement properties of the

box and block test in children with unilateral cerebral palsy. Sci Rep.

2021;11(1):20955. [PubMed ID: 34697312]. [PubMed Central ID:

PMC8545961]. https://doi.org/10.1038/s41598-021-00379-3.

16. Spironello C, Hay J, Missiuna C, Faught BE, Cairney J. Concurrent and

construct validation of the short form of the Bruininks-Oseretsky

Test of Motor Proficiency and the Movement-ABC when administered

under field conditions: implications for screening. Child Care Health

Dev. 2010;36(4):499-507. [PubMed ID: 20337644].

https://doi.org/10.1111/j.1365-2214.2009.01066.x.

17. Hassan MM. Validity and reliability for the Bruininks-Oseretsky Test

of Motor Proficiency-Short Form as applied in the United Arab

Emirates culture. Percept Mot Skills. 2001;92(1):157-66. [PubMed ID:

11322581]. https://doi.org/10.2466/pms.2001.92.1.157.

18. Faria P, Leal A, Miranda PC. Comparing different electrode

configurations using the 10-10 international system in tDCS: a finite

element model analysis. Annu Int Conf IEEE Eng Med Biol Soc.

2009;2009:1596-9. [PubMed ID: 19964541].

https://doi.org/10.1109/IEMBS.2009.5334121.

19. Inguaggiato E, Bolognini N, Fiori S, Cioni G. Transcranial Direct

Current Stimulation (tDCS) in Unilateral Cerebral Palsy: A Pilot Study

of Motor Effect. Neural Plast. 2019;20. [PubMed Central ID:

PMC6348802]. https://doi.org/10.1155/2019/2184398.

20. Moura RC, Santos CA, Grecco LA, Lazzari RD, Dumont AJ, Duarte NC, et

al. Transcranial direct current stimulation combined with upper

limb functional training in children with spastic, hemiparetic

cerebral palsy: study protocol for a randomized controlled trial.

Trials. 2016;17(1):405. [PubMed ID: 27530758]. [PubMed Central ID:

PMC4987976]. https://doi.org/10.1186/s13063-016-1534-7.

21. Moura RCF, Santos C, Collange Grecco L, Albertini G, Cimolin V, Galli

M, et al. Effects of a single session of transcranial direct current

stimulation on upper limb movements in children with cerebral

palsy: A randomized, sham-controlled study. Dev Neurorehabil.

2017;20(6):368-75. [PubMed ID: 28632467].

https://doi.org/10.1080/17518423.2017.1282050.

22. Rich TL, Nemanich S, Chen M, Friel K, Feyma T, Krach L, et al.

Transcranial Direct Current Stimulation (tDCS) Paired with

Occupation-Centered Bimanual Training in Children with Unilateral

Cerebral Palsy: A Preliminary Study. Neural Plast. 2018;2018:9610812.

[PubMed ID: 30627151]. [PubMed Central ID: PMC6304908].

https://doi.org/10.1155/2018/9610812.

23. Gillick B, Rich T, Nemanich S, Chen CY, Menk J, Mueller B, et al.

Transcranial direct current stimulation and constraint-induced

therapy in cerebral palsy: A randomized, blinded, sham-controlled

clinical trial. Eur J Paediatr Neurol. 2018;22(3):358-68. [PubMed ID:

29456128]. [PubMed Central ID: PMC5899638].

https://doi.org/10.1016/j.ejpn.2018.02.001.

24. Buchanan DM, Bogdanowicz T, Khanna N, Lockman-Dufour G,

Robaey P, D'Angiulli A. Systematic Review on the Safety and

Tolerability of Transcranial Direct Current Stimulation in Children

https://brieflands.com/articles/ijp-148515
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=335351
http://www.ncbi.nlm.nih.gov/pubmed/15344517
https://doi.org/10.1017/s0012162204000994
http://www.ncbi.nlm.nih.gov/pubmed/12828398
http://www.ncbi.nlm.nih.gov/pubmed/18929198
https://doi.org/10.1016/j.jhsa.2008.02.032
http://www.ncbi.nlm.nih.gov/pubmed/21689874
https://doi.org/10.1016/j.clinbiomech.2011.05.006
http://www.ncbi.nlm.nih.gov/pubmed/17337213
https://doi.org/10.1016/j.neuroimage.2007.01.027
http://www.ncbi.nlm.nih.gov/pubmed/20633386
https://doi.org/10.1016/j.brs.2008.06.004
https://doi.org/10.1589/jpts.24.1215
https://doi.org/10.1177/0308022619897885
http://www.ncbi.nlm.nih.gov/pubmed/36524254
https://www.ncbi.nlm.nih.gov/pmc/PMC9896542
https://doi.org/10.1177/15459683221143503
https://doi.org/10.1186/s12984-018-0476-6
http://www.ncbi.nlm.nih.gov/pubmed/25372004
https://www.ncbi.nlm.nih.gov/pmc/PMC4228627
https://doi.org/10.1590/bjpt-rbf.2014.0053
https://doi.org/10.61919/jhrr.v4i1.372
http://www.ncbi.nlm.nih.gov/pubmed/19363571
https://doi.org/10.2340/16501977-0339
http://www.ncbi.nlm.nih.gov/pubmed/8316578
https://doi.org/10.1093/ptj/73.7.447
http://www.ncbi.nlm.nih.gov/pubmed/34697312
https://www.ncbi.nlm.nih.gov/pmc/PMC8545961
https://doi.org/10.1038/s41598-021-00379-3
http://www.ncbi.nlm.nih.gov/pubmed/20337644
https://doi.org/10.1111/j.1365-2214.2009.01066.x
http://www.ncbi.nlm.nih.gov/pubmed/11322581
https://doi.org/10.2466/pms.2001.92.1.157
http://www.ncbi.nlm.nih.gov/pubmed/19964541
https://doi.org/10.1109/IEMBS.2009.5334121
https://www.ncbi.nlm.nih.gov/pmc/PMC6348802
https://doi.org/10.1155/2019/2184398
http://www.ncbi.nlm.nih.gov/pubmed/27530758
https://www.ncbi.nlm.nih.gov/pmc/PMC4987976
https://doi.org/10.1186/s13063-016-1534-7
http://www.ncbi.nlm.nih.gov/pubmed/28632467
https://doi.org/10.1080/17518423.2017.1282050
http://www.ncbi.nlm.nih.gov/pubmed/30627151
https://www.ncbi.nlm.nih.gov/pmc/PMC6304908
https://doi.org/10.1155/2018/9610812
http://www.ncbi.nlm.nih.gov/pubmed/29456128
https://www.ncbi.nlm.nih.gov/pmc/PMC5899638
https://doi.org/10.1016/j.ejpn.2018.02.001


Ebrahimabadi Z et al. Brieflands

Iran J Pediatr. 2025; 35(1): e148515 9

and Adolescents. Brain Sci. 2021;11(2). [PubMed ID: 33578648].

[PubMed Central ID: PMC7916366].

https://doi.org/10.3390/brainsci11020212.

25. Salehinejad MA, Ghanavati E, Glinski B, Hallajian AH, Azarkolah A. A

systematic review of randomized controlled trials on efficacy and

safety of transcranial direct current stimulation in major

neurodevelopmental disorders: ADHD, autism, and dyslexia. Brain

Behav. 2022;12(9). e2724. [PubMed ID: 35938945]. [PubMed Central ID:

PMC9480913]. https://doi.org/10.1002/brb3.2724.

https://brieflands.com/articles/ijp-148515
http://www.ncbi.nlm.nih.gov/pubmed/33578648
https://www.ncbi.nlm.nih.gov/pmc/PMC7916366
https://doi.org/10.3390/brainsci11020212
http://www.ncbi.nlm.nih.gov/pubmed/35938945
https://www.ncbi.nlm.nih.gov/pmc/PMC9480913
https://doi.org/10.1002/brb3.2724
http://www.ncbi.nlm.nih.gov/pubmed/35938945
https://www.ncbi.nlm.nih.gov/pmc/PMC9480913
https://doi.org/10.1002/brb3.2724

