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ABSTRACT

Introduction Down syndrome results in neuromotor
impairment that affects selective motor control,
compromising the acquisition of motor skills and functional
independence. The aim of the proposed study is to
evaluate and compare the effects of multiple-monopolar
anodal transcranial direct current stimulation and sham
stimulation over the primary motor cortex during upper
limb motor training involving virtual reality on motor
control, muscle activity, cerebral activity and functional
independence.

Methods and analysis A randomised, controlled,
double-blind, clinical trial is proposed. The calculation of
the sample size will be defined based on the results of a
pilot study involving the same methods. The participants
will be randomly allocated to two groups. Evaluations

will be conducted before and after the intervention as
well as 1 month after the end of the intervention process.
At each evaluation, three-dimensional analysis of upper
limb movement muscle activity will be measured using
electromyography, cerebral activity will be measured using
an electroencephalogram system and intellectual capacity
will be assessed using the Wechsler Intelligence Scale for
Children. Virtual reality training will be performed three
times a week (one 20 min session per day) for a total of
10 sessions. During the protocol, transcranial stimulation
will be administered concomitantly to upper limb motor
training. The results will be analysed statistically, with a p
value<0.05 considered indicative of statistical significance.
Ethical aspects and publicity The present study
received approval from the Institutional Review Board

of Universidade Nove de Julho (Sao Paulo,Brazil) under
process number 1.540.113 and is registered with the
Brazilian Registry of Clinical Trials (N° RBR3PHPXB). The
participating institutions have presented a declaration of

participation. The volunteers will be permitted to drop out
of the study at any time with no negative repercussions.

The results will be published and will contribute evidence
regarding the use of this type of intervention on children.

INTRODUCTION

Down syndrome (DS) is a highly prevalent
genetic disease caused by the inheritance of
an additional chromosome 21 and is one of
the most frequent causes of mental impair-
ment, affecting approximately 20% of the
total number of individuals with mental
disability." The incidence in the USA is one
out of every 700 births, and it is estimated that
at least 100 thousand individuals in Brazil are
diagnosed with the syndrome.*™

Structural and functional abnormalities
are found in the nervous system of children
with DS. Diffuse brain damage and pecu-
liar electrical functioning during cognitive
development result in poor analysis, synthesis
and speech skills. Moreover, such children
demonstrate difficulties in selecting and
directing a stimulus due to the fatigue of the
connections. These abnormalities result in
neurological disorders that vary in terms of
manifestation and intensity.”

According to Flérez and Troncoso, the
brain of individuals with DS is smaller in
volume in comparison to individuals without
this condition. Hypoplasia of the frontal
and occipital lobes is a common finding. A
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Strengths and limitations of this study

The proposed project involves the combination of virtual reality (VR)

activities for upper limb motor training and multiple-monopolar

anodal transcranial direct current stimulation (tDCS) over the primary

motor cortex with the aim of optimising motor control and upper limb

function in children with Down syndrome (DS).

» Adequate upper limb motor control enables individuals to perform
daily, functional and academic activities in an independent fashion.

» The use of VR activities to improve motor control is a promising
therapeutic resource that has demonstrated satisfactory results in
the scientific literature, including for individuals with DS.

» Non-invasive brain stimulation techniques, specifically tDCS, are
currently considered effective means to facilitate motor cortical
excitability of brain regions underlying the stimulation electrode,
leading to improvements in motor control and motor learning.
Despite the lack of reports on the effects of transcranial stimulation
in children with DS, studies involving paediatric patients have
demonstrated that the technique is safe, with little or no adverse
effects.

» We believe that the administration of multiple-monopolar anodal
transcranial direct current stimulation over the primary motor cortex,
specifically the areas that correspond to upper limb motor control
(C3 and C4 of the 10-20 electroencephalogram system) during
upper limb motor training with the use of VR activities will enhance
the cortical excitability of motor regions and optimise cerebral
activity, thereby potentiating the effects of upper limb motor therapy.

» The literature reports positive effects with the use of tDCS on upper
limb movements in children with cerebral palsy. Optimising such
movements has a direct impact on improving one’s performance of
activities of daily living and functional independence. However, no
scientific data were found regarding the use of tDCS during upper
limb training in the population of the proposed study (children with
DS).

» The literature also reports promising results with the use of VR
regarding improvements in cognitive aspects of the population in
question, as this intervention constitutes multisensory therapy
that optimises one’s concentration and assists in the anticipation
of movements, thereby exerting an impact on learning aspects in
children submitted to this intervention.

» The limitations of the proposed study regard the lack of scientific
data from previous studies involving children with DS for the
purposes of comparison with the findings obtained in the proposed
study. However, this aspect also demonstrates the importance of the
data that will be generated in the proposed study.

unilateral or bilateral reduction in the temporal lobe
occurs in up to 50% of cases and reductions in the corpus
callosum, anterior commissure and hippocampus are
found.®” Such individuals also have a smaller number of
secondary sulci in comparison to individuals without this
syndrome, the temporal gyri are underdeveloped and
differences in nerve cells are also reported. For instance,
Pandilla reports differences in the axons and dendrites
of pyramidal neurons in the motor cortex.” Such differ-
ences are highly correlated with fragmentation problems
and necrosis of these branches as well as differences in
the electrical activity of the brain.’ This problem leads to
limitations with regard to synaptic connections and the
neural transmission of nerve impulses.

The literature also reports atrophied nerve cells, which
are likely associated with lags during the integration of
visual and spatial information. According to Block, indi-
viduals with DS also have a smaller cerebellum and base
ganglia, which are related to the control of coordination,
timing and balance. Such problems imply limitations with
regard to the acquisition of motor skills." According to
Bomono and Rosetti, neuromotor abnormalities in DS
include hypotonia, diminished primitive reflexes, delayed
motor and cognitive development and lower levels of
learning."'

Seaman and DePauw’ propose a model in which
reaching phases of fundamental movements and cultur-
ally determined movements is conditioned by the
achievement of previous development phases.” As this
population exhibits problems with regard to systems
of early-onset and late-onset maturation, children with
DS could encounter difficulties reaching the phase of
sensorimotor responses and even acquiring motor skills.
According to Connolly, the mechanisms or systems that
offer support to development and the acquisition of
motor skills can be understood using the concepts of
‘hardware’ and ‘software’, in which changes in ‘hard-
ware’ regard structure, such as the myelinisation that
occurs in axons, whereas changes in ‘software’ regard
function, such as a gain in information processing speed
as a result of myelinisation; thus, individuals with DS have
problems with their ‘hardware’ that have repercussions
on their ‘software’.'* ‘Hardware’ problems lead to limita-
tions with regard to physical and motor aspects, which is
an important problem, as both physical proficiency and
perceptive-motor proficiency contribute to the acquisi-
tion and performance of motor skills. In other words, it
is possible that problems with balance, timing and agility
constitute a hindrance to the acquisition of fundamental
patterns or specialised skills."

The population with DS exhibits abnormal muscle
coordination, difficulty processing sensory information
and functional limitations. The upper limb dysfunctions
in this population (muscle weakness and hypotonus, slow
reflexes, abnormal biomechanics, sensory deficiency)
exert a negative impact on the performance of activities
of daily living, independence and quality of life."*

Studies have been conducted to understand why indi-
viduals with DS have slow, unharmonious movements.'>%
The investigation of electromyographic activity and
muscle torque demonstrates this deficiency, which can be
corrected by the repetition of a given movement during
motor training activities. Motor control strategies used in
the execution of complex activities, such as a reaching
task, have been investigated in this population.'>

The positive results achieved with virtual reality (VR)
are believed to be related to training in an interactive
environment that provides a broad range of activities and
scenarios with multiple sensory channels, enabling the
creation of exercises at an intensity that is promising for
the needs of individuals with DS.**** VR can be used as an
auxiliary tool involving a playful, motivational objective
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that can facilitate the development of perceptions and
motor skills through the training of planning skills and
motor control as well as stimulation of the plasticity of the
central nervous system.”” **

Non-invasive brain stimulation methods have been
employed in physical rehabilitation protocols due to the
promising results achieved with regard to motor learning
in the paediatric population with cerebral palsy since
it was never used in DS.* * Transcranial direct current
stimulation (tDCS) is a relatively low-cost, non-invasive
brain stimulation technique that is easy to administer and
offers minimal adverse effects. This method is known to
produce lasting changes in motor cortical excitability.”
Cortical modulation depends on the polarity of the
current: anodal stimulation increases cortical excitability,
favouring the depolarisation of the neuronal membrane,
whereas cathodal stimulation has an inhibitory effect due
to the hyperpolarisation of the neuronal membrane.”

TDCS has advantages over other transcranial stim-
ulation techniques, such as providing a long-lasting
modulating effect on cortical function as well as its ease
of use because its device is portable, so it is possible to
because simultaneously with rehabilitation techniques
and has lower cost. The results of clinical trials have
demonstrated its considerable potential in the treat-
ment of neurological disorders and the investigation of
processes of cortical excitability modulation.””** More-
over, this type of intervention offers a better condition
for sham stimulation, which confers greater specificity to
the findings.” * In the rehabilitation process, the aim of
neuromodulating techniques is to enhance local synaptic
efficiency and alter the maladaptive plasticity pattern that
emerges after a cortical injury.*'

Although DS is one of the most prevalent diseases in
the paediatric population, no studies were found on
the effects of tDCS on children with this syndrome.
Thus, the lack of investigations on anodal tDCS over
the primary motor cortex during motor training for
children with DS constitutes a gap in the scientific liter-
ature.”®*® Considering the high prevalence of DS, the
motor limitations stemming from this disease, which
exert a negative impact on functionality and indepen-
dence and the fact that tDCS is not contraindicated
in most cases of this syndrome, the investigation of
the effects of this non-invasive brain stimulation tech-
nique on children with DS is relevant.*™*

The proposed study could be used as the basis for the
development of further projects conducted to broaden
knowledge on this technique, enabling a novel inter-
vention option for the optimisation of motor training in
individuals with DS.

OBJECTIVES

Primary objective

The aim of the proposed study is to evaluate and compare
the effect of multiple-monopolar anodal tDCS and sham
stimulation over the primary motor cortex during upper

limb motor training involving VR on motor control
(spatiotemporal variables and kinematics of a reaching
task), activity of the elbow flexors and extensors, cerebral
activity and functional independence in children with DS.

Hypotheses

Null hypothesis

Ten sessions of tDCS over the motor cortex concomitantly
to upper limb motor training involving the use of VR
activities will result in the same effects as motor training
with the use of virtual reality combined with sham tran-
scranial stimulation in children with DS

Alternative hypothesis

Ten sessions of tDCS over the motor cortex concomitantly
to upper limb motor training involving the use of virtual
reality activities will result in the better effects than motor
training with the use of VR combined with sham tDCS in
children with DS.

Secondary objectives

» Determine possible correlations between upper limb
motor control (movement velocity and total duration
of movement) and muscle activity (elbow flexors and
extensors), cerebral activity (activity of the parietal
lobe, specifically regions C3 and C4) and functional
independence with regard to self-care.

» Identify possible prediction factors for the response of
upper limb motor control (movement velocity and to-
tal duration of movement) in children with DS. Mus-
cle activity of elbow flexors and extensors, cerebral
activity (areas C3 and C4 of the 10-20 electroenceph-
alogram system) and tDCS (active and sham) will be
the factors investigated.

METHODS AND ANALYSIS

The sample will be composed of children with DS recruited
from the physical therapy clinics of Universidade Nove
de Julho, Sao Paulo, Brazil. Letters and emails will be
sent to paediatricians, physiotherapists and paediatric
neurologists to divulge the study. The following will be
the inclusion criteria: (1) a diagnosis of DS; (2) adequate
comprehension and cooperation during the proce-
dures; (3) age six to 12 years; (4) compromised upper
limb motor coordination and (5) statement of informed
consent signed by a legal guardian. The exclusion criteria
will be (1) having undergone surgical procedures in the
12 months prior to the onset of the training sessions,
(2) orthopaedic deformity of the lower limbs or spinal
column with an indication for surgery, (3) epilepsy, (4)
metal implant in skull or hearing aids, (5) associated
neurological disorder and (6) use of a pacemaker.

Study design

A phase I-II study will be conducted (figure 1): analytical,
paired, randomised, controlled, double-blind, clinical
trial.
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Figure 1

Sample size

The sample size will be calculated based on the results of
a pilot study with the same methods as those of the main
study. The pilot study will involve 10 children randomly
allocated to the experimental and control groups (five
children in each group). The sample size will be calcu-
lated based on the mean of both groups considering
total duration of movement as the primary outcome,
with a unidirectional alpha of 0.05 and an 80% power.
The sample will be increased by 20% to compensate for
possible dropouts.

Randomisation

Patients with DS who meet the eligibility criteria and
agree to participate in the study will be submitted to an
initial evaluation and will then be randomly allocated to
two groups using a randomisation method available at
the site www.randomizacion.com. This process will be
performed by a member of the research team who is not
involved in the recruitment or development of the study.
During the protocol, the blinding of the main researcher
will be ensured with the use of the DC-Stimulator (Neuro-
Conn, Germany), which has active and sham modes that

Analysed (n=)
+ Excluded from analysis (give reasons) (n=x )

Flowchart of study based on the Consolidated Standards for Reporting of Trials

function based on encrypted code, with three configura-
tions to choose so that the more complex conditions of
the study can be achieved. The parameters are adjusted
individually and the activated mode can only be altered
by the programmer.

Experimental group: multiple-monopolar anodal tDCS
over the primary motor cortex bilaterally combined with
upper limb motor training involving the use of VR.

Control group: sham tDCS over the primary motor
cortex bilaterally combined with upper limb motor
training involving the use of VR.

Evaluations

The participants will be submitted to three evalua-
tions: preintervention, postevaluation (after 10 training
sessions) and follow-up (Imonth after last training
session).

Three-dimensional movement analysis

Three-dimensional analysis of upper limb movement:
the kinematics of upper limb movement will be evalu-
ated using the SMART-D 140 system (BTS, Milan, Italy),
with eight cameras sensitive to infrared light, a sampling
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Figure 2 Placement of markers for three-dimensional analysis using SMARTup: the experimental setup.*®

frequency of 100 Hz and video system synchronised with
the SMART-D system. Passive markers will be positioned
at anatomic references points directly on the skin with
specific adhesive tape, following the protocol of the
SMARTup: the experimental setup (figure 2).*" A total
of 18 markers measuring 15 mm in diameter will be used
to identify the position of the head, trunk and upper
limbs (upper arm, forearm and hand).

The movement will be divided into three phases: going
phase (upper limb moving towards the target), adjusting
phase (adjustment of arm to locate target precisely) and
returning phase (return to initial position). At least six
complete movements will be performed to obtain three
adequate cycles for analysis (figure 3). The biomechan-
ical model, filtering of the data and processing of the
variables will be performed using the SMART analyser
software (BTS, Milan, Italy). The variables will be identi-
fied and calculated for each movement cycle to evaluate
any changes that occur after the intervention. The
following variables will be considered, with the mean of
the results used in the statistical analyses:

» Total duration of movement: total time required to
perform the complete reaching task;

» Mean movement velocity: computed during the going
phase and determined using the marker positioned
on the index finger;

» Adjusting sway index: Defined as the length of the
three-dimensional path described by the marker on
the index finger during the adjusting phase;

» Range of motion of elbow and shoulder: calculated as
the difference between the maximum and minimum
angles of the elbow and shoulder on the sagittal (el-
bow and shoulder) and frontal (shoulder) planes dur-
ing the going phase, as described in the literature.*™!

Electromyographic analysis

Muscle activity during the reaching movement will be
determined using electromyographic (EMG). The elec-
trical activity resulting from the activation of the elbow
flexors and extensors will be collected using an eight-
channel electromyograph (FREEEMG, BTS Engineering)
with a bioelectrical signal amplifier, wireless data transmis-
sion and bipolar electrodes with a total gain of 2000-fold
and frequency ranging from 20 to 450Hz. Impedance
and the common rejection mode ratio of the equipment

®
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Figure 3 Phases of reaching cycle.*®
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Figure 4 Phase relationships. (A) Synchronised signals—differences in phases between both signals are stable (constant); (B)

non-synchronised signals— differences in phases are variable.

are >1015Q/0.2 pF and 60/10Hz 92dB, respectively.
The motor point of the muscles will be identified for the
placement of the electrodes and the skin will be cleaned
with 70% alcohol to reduce bioimpedance, following the
recommendations of Surface Electromyography for the
Non-Invasive Assessment of Muscles.” All EMG data will
be digitised at 1000 frames per second using the BTS
MYOLAB software program. The data will be collected
simultaneously to the kinematic data and both will be
managed using the BTS system and Smart Capture soft-
ware program.’®

Electroencephalographic analysis

Brain activity will be investigated using electroencepha-
lography (EEG), which will be performed during both
the three-dimensional analysis of the reaching task and
the evaluation of muscle activation using EMG. For such,
the volunteer will be seated in an erect position on a
chair in front of the table on which the reaching task
will be performed. The BrainNet BNT36 device with 36
configurable channels (32 AC and four DC) and a 16-bit
analogue—digital converter will be used for the acquisition
of the EEG signal (figure 4). The analysis of the signal
will be performed with the aid of the EEGLab tool imple-
mented on Matlab, which is also capable of furnishing a
topographic map of cerebral activity as a function of time.
The electrodes will be positioned following the guidelines
of the 10/20 EEG system (figure 5).”* %

VERTEX

Paediatric evaluation of disability inventory

The children’s functional performance will be assessed
quantitatively using the Paediatric Evaluation of Disability
Inventory (PEDI), which is a questionnaire administered
in interview format to a caregiver who can provide infor-
mation regarding the child’s performance on typical
activities and routine tasks. The PEDI is composed of
three parts, the first of which is used to evaluate skills
grouped into three functional domains: self-care (73
items), mobility (59 items) and social function (65 items).
Each item is scored either zero (not part of the child’s
repertoire) or 1 (part of the child’s repertoire). The
scores are then totalled per domain.”*®

Wechsler Intelligence Scale for Children

The Wechsler Intelligence Scale (WISC) was developed
for the assessment of the intellectual performance of
adults. The WISC was developed as a version for children,
which was followed by the revised version, WISC-R. The
WISC III is the third version of the scale for children and
is used to assess intellectual capacity using 13 subtests,
12 from earlier versions and one additional subtest.
The subtests are organised into two groups (verbal and
perceptive-motor or execution) and are administrated in
alternating order. The verbal subtests are Information,
Similarities, Arithmetic, Vocabulary, Comprehension
and Digits. The execution group is composed of Matrix

Inion

LEFT SIDE OF HEAD TOP OF HEAD
Figure 5 Positioning of electroencephalography electrodes based on 10-20 standard.
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Reasoning, Coding, Figure Weights, Block Design, Picture
Concepts, Symbol Search and Mazes. Many studies have
been conducted and, although improvements have been
made with the addition of new items, the fundamental
characteristics of the WISC and WISC-R remained the
same in WISC II1.%

PROCEDURES

Intervention protocol

The therapeutic intervention will consist of a combina-
tion of tDCS and VR during reaching movements. The
protocol will follow safety procedures described in the
literature for the use of tDCS on the paediatric popula-
tion.” °' % Three 20min sessions of combined therapy
(tDCS concomitantly to upper limb motor training) will
be held for a total of ten sessions.” > **

Transcranial direct current stimulation

Stimulation will be administered using a tDCS device
(DC-Stimulator NeuroConn, Germany), with three
sponge (non-metallic) surface electrodes measuring
25cm? (5x5cm) soaked in saline solution.” ® The chil-
dren will be randomly allocated to two types of treatment:
(1) active anodal stimulation over the primary cortex
bilaterally and (2) sham transcranial stimulation. The two
anodal electrodes will be positioned over C3 and C4 of
the 10-20 international electroencephalogram system®
and the cathode will be positioned over the right deltoid
muscle. This montage will enable the child to receive
multiple-monopolar anodal tDCS over the primary motor
cortex, specifically the area that manages upper limb
motor control, while minimising the effect of cathodal
stimulation in the brain.”’® A current of 1 mA (current
density: 0.029 mA/ ch) will be administered over the
primary motor cortex for 20min during upper limb
training.” ** * *' The stimulator has a button that allows
the operator to control the intensity of the current. At
the beginning of the session, stimulation will be increased
gradually until reaching 1 mA and gradually diminished
during the final 10 s of the session. Sham stimulation
will consist of the same electrode montage and the stim-
ulator will be switched on for 30s, giving the child the
initial sensation of stimulation, but no current will be
administered during the remainder of the session. This is
considered a valid control procedure in studies involving
tDCS.™

Adverse effects

Potential adverse effects of tDCS will be evaluated at the
end of each session using a questionnaire administered to
the child. The questionnaire will address the perception
of symptoms having occurred during the session, such as
tingling, a burning sensation, headache, pain at the elec-
trode sites, sleepiness and altered mood. The children
will be instructed to answer using a three-point scale. The
caregivers and children will also be asked open-ended
questions at the beginning of each session regarding the

occurrence of headache, scalp pain, burning sensations,
redness of the skin, sleepiness, difficulty concentrating
and mood swings during periods between sessions.

Virtual reality training protocol

Training sessions will be held three times per week on
non-consecutive days. Each session will last 20 min and will
involve the use of the XBOX 360TM with the KinectTM
motion detector.”” The game entitled ‘Bursting Bubbles’
of the Adventure set of games was chosen based on the
potential to stimulate cognitive skills and enhance execu-
tion time, motor coordination, attention, concentration,
reasoning, memory, persistence and precise movement.
The activity will be held in a specific room of the Inte-
grated Human Movement Analysis Laboratory measuring
2.5x4.0 m, with a projection screen (200x150 cm) attached
to the wall and stereo speakers to provide adequate visual
and auditory stimuli. Initially, the child will be instructed
to remain standing at a distance of two to three metres in
front of the motion detector to capture the movements
better as well as for the estimation of height and calcula-
tion of the body mass index. Two mobility training sessions
with the use of the Xbox 360 exercises will be performed
prior to the onset of the intervention protocol. Records
will be made of the number of sessions attended and
duration of each session.’"

ANALYSIS OF RESULTS

The Shapiro-Wilk test will be used to determine whether
the data adhere to the Gaussian curve. Parametric
variables will be expressed as mean and SD. Non-para-
metric variables will be expressed as median and IQR.
Effect sizes will be calculated from the differences in
means between the preintervention and post-interven-
tion evaluations. The effect size values will be expressed
with respective 95% CIs. Either two-way analysis of vari-
ance (parametric variables) or the Kruskal- Wallis test
(non-parametric variables) will be used for the analysis of
the effects of the upper limb motor training activity with
active and sham tDCS. Logistic regression models will be
created to determine factors predictive of the response to
the intervention. For such, movement velocity and total
duration of movement will be considered. The response
capacity will be defined as a clinically significant increase
in performance in comparison to baseline. The indepen-
dent variables will be age (years), sex (male/female),
activity of elbow flexors and extensors, cerebral activity
(C3 and C4) and functional independence (aspects of
self-care). Univariate regressions will be performed for
each variable. Based on the initial analyses, the predic-
tors associated with the outcome with a p value<0.05will
be incorporated into the multivariate model. Moreover,
Pearson’s correlation coefficients will be calculated to
determine correlations among the variables analysed. A p
value<0.05will be considered indicative of statistical signif-
icance. The data will be organised and tabulated with the
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aid of the Statistical Package for the Social Sciences (SPSS
V.19.0).

DISCUSSION

Upper limb motor control enables individuals to perform
functional activities. VR will be used as a therapeutic tool
to enhance motor control.? % Moreover, a non-invasive
brain stimulation method (tDCS) will be employed to
facilitate motor cortical excitability in the areas subjacent
to stimulation to enhance the effects of motor control
and learning.*”* Lazzari et af” demonstrated the efficacy
of the combination of tDCS and VR in potentiating motor
effects on balance and functional mobility in children
with cerebral palsy.””

This document offers a detailed description of a
randomised, controlled, double-blind, clinical trial
designed to determine the effectiveness of VR training
combined with tDCS on upper limb movements in indi-
viduals with DS.

ETHICAL ASPECTS AND DIVULGATION

The present study is in compliance with the guidelines
regulating studies involving human subjects established
by the Brazilian National Board of Health in October
1996 and updated in Resolution 466 in 2012. The
study will be developed at the Integrated Human Move-
ment Analysis Laboratory of University Nove de Julho
(Sao Paulo, Brazil) and has received approval from the
Human Research Ethics Committee of the university
under process number 1.517.470 (see online supple-
mentary appendix 1). The protocol has been registered
with clinical trials. All legal guardians will receive clarifi-
cations regarding the procedures and will be aware that
participation is voluntary, free of cost and experimental.
Those who agree to their child’s participation will sign a
statement of informed consent (see online supplemen-
tary appendix 2). The guardians will be assured of access
to all information and will be informed of the possibility
of dropping out of the study or withdrawing consent at
any time with no negative consequences. The anonymity
of the children and the confidentiality of their informa-
tion will be ensured, following the ethical principles of
privacy. The findings will be published and will contribute
evidence regarding the use of transcranial direct current
stimulation combined with upper limb motor training in
this population.
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