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Cerebral palsy (CP) refers to a group of diseases characterized by persistent
central dyskinesia, postural development disorder and activity limitation
syndromes caused by nonprogressive brain injury in the developing fetus
or infant, which is often accompanied by sensory, cognitive and attention
disorders. The routine rehabilitation methods for children with CP mainly
include physical therapy, occupational therapy, speech therapy and other
methods. In recent years, noninvasive brain stimulation (NIBS), as a relatively
new intervention method, has been widely used because of its potential
to regulate cortical excitability and plasticity. Transcranial direct current
stimulation (tDCS) is an NIBS technique that is easier and more convenient
to perform. It does not require patients to remain stationary for a long time
or have a significant impact on treatment results due to children’s frequent
activities. Compared with other NIBS techniques, tDCS has greater flexibility
and no strict restrictions on patients’ activities; it also helps the therapist
conduct occupational therapy or speech therapy while a child receives tDCS,
which markedly reduces the treatment time and avoids burnout due to a long
treatment duration. Thus, tDCS is a better and more convenient intervention
for CP children and warrants further exploration. Accordingly, this article
reviews tDCS application in children with CP and discusses tDCS application
prospects for such children to promote its expansion in clinical practice.

KEYWORDS

cerebral palsy, tDCS, motor function, cognitive and language functions, prospect

Introduction

Cerebral palsy (CP) refers to a group of diseases characterized by persistent central
motor, postural developmental disorders and activity limitation syndromes caused
by nonprogressive damage to the developing fetal or infant brain, which is often
accompanied by sensory impairment, cognitive impairment, attention disability, sleep
disorder and other symptoms (1-3). Epidemiological survey results show that the
prevalence of cerebral palsy between the ages of 0 and 18 years in different regions of
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China is ~2.07%, and that the comorbidity rate of cerebral
palsy and other diseases increased rapidly during 2008 and
2019 (4). Most CP children have motor dysfunction and speech
dysfunction, and independent movement ability affects the
psychological condition of these children. Family support and
social support needs are also higher, which imposes a financial
burden and pressure on the family (5).

At present, the conventional rehabilitation methods for
CP children mainly include physical therapy, occupational
therapy, speech therapy and others. Recently, noninvasive brain
stimulation (NIBS), as a relatively new intervention, has been
widely used due to its potential to modulate cortical excitability
and plasticity, and its mechanism is speculated to involve certain
excitation or inhibition effects on various brain regions (6).

Among many NIBS techniques, transcranial magnetic
stimulation (TMS) and transcranial direct current stimulation
(tDCS) are two of the more commonly used techniques,
and tDCS is a simpler and more convenient intervention
for children. It does not require patients to remain still for
extended periods or significantly affect treatment outcomes due
to children’s frequent activities (7).

tDCS is a noninvasive technique that utilizes constant,
low-intensity direct current (usually 1-2mA) to modulate
neuronal activity in the cerebral cortex. It mainly acts on the
cerebral cortex with weakly polarized direct current through
two electrodes placed on the scalp, and the current modulates
neuronal excitability by changing the resting membrane
potential of neurons (8). The excitatory or inhibitory effects
of tDCS on cortical activity are thought to depend on
electrode polarity, with the resting membranes of neurons near
the cathode becoming progressively hyperpolarized and less
excitable, while the membranes of neurons near the anode are
slightly depolarized, thus becoming more excitable (6).

Compared with TMS, tDCS has greater flexibility and no
strict restrictions on patients’ activities. It also helps therapists
perform occupational therapy or speech therapy while a child
receives tDCS, which markedly reduces the treatment time and
avoids burnout due to a long treatment duration.

tDCS seems to be a better and more convenient intervention
method for children with cerebral palsy and warrants further
exploration. Therefore, this article reviews tDCS application in
children with CP and discusses tDCS application prospects for
such children to promote its expansion in clinical practice.

tDCS improves motor function in CP
children

Several common motor disorders affect CP children, such as
abnormal muscle tone, poor hand function, decreased muscle
strength, abnormal gait patterns and balance dysfunction (9).
Due to the difference between adults and children, it is indeed
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unclear whether the theory of improving motor function
by affecting the connectivity of the motor network between
cerebral hemispheres is applicable to the developing brain of
children (10). However, some researchers support the existence
of inhibitory imbalance between the hemispheres in children
with unilateral cerebral palsy (11, 12), which holds that an
inhibitory imbalance exists between the hemispheres in the M1
area (primary motor cortex) on the injured side and the Ml
area on the noninjured side, leading to a decrease in the activity
of brain regions on the injured side and an increase on the
noninjured side. Therefore, in most tDCS applications in CP
children, the anode is applied to the M1 area on the injured side
to increase excitability, or the cathode is applied to the M1 area
on the noninjured side to reduce excitability.

Upper limb function

Reports of tDCS improving upper limb motor function in
CP children are relatively limited. Three clinical studies have
combined tDCS with other interventions, demonstrating that
tDCS combined with other interventions can improve upper
limb motor function in CP children, including muscle strength
and spasticity. Most of the studies performed anodal stimulation
on the injured side of the M1 area, the usual stimulation intensity
was 1.0 mA, and each stimulation lasted 20 min (13-15).

However, for the stimulation dose, some researchers have
different ideas. Among them, a study on CP children with
unilateral hemiplegia selected a stimulus intensity of 1.5 mA for
20min (16). The results showed that anode tDCS stimulation
of the M1 area on the damaged side had immediate and
short-term effects on hand functional flexibility. Another study
selected a stimulation intensity of 0.7 mA for children with
unilateral cerebral palsy, which confirmed its effect on exciting
the corticospinal tract (12). Smoser et al. (17). applied direct
current stimulation to the M1 area with an intensity of 1 mA
for 15 min for 10 days and found that the stiffness and spasticity
of the biceps brachii and extensor carpi radialis in CP children
were significantly improved. This intervention duration was
shorter than the duration of 20 min used in most studies, and
an improvement effect was observed.

tDCS has a good application prospect for improving upper
limb motor function in CP children. However, whether an
optimal stimulation intensity and optimal intervention duration
exist for improvement of upper limb function still requires
further validation by clinical studies.

Lower limb function

Few studies of the effect of tDCS on the lower extremity
function of CP children are available, and the existing research
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mainly focuses on gait function and balance. In these studies, the
main stimulation locations were the M1 area or the cerebellum
(18-20). For CP children, anode tDCS stimulation of the
M1 area or the cerebellum can help with gait patterns or
balance to some extent, but the mechanism of action is not
yet clear.

In an RCT study on the balance ability of CP children
(21), VR combined with a synchronous tDCS intervention was
performed on the children. The tDCS stimulation parameters
were a 1-mA current lasting for 20 min with the anode placed
on the M1 area and the cathode placed on the contralateral
supraorbital region. The results showed that CP children who
received true tDCS improved more than the control group
children. The results from the 1-month follow-up demonstrated
persistent improvements, which the researchers believe are
related to the regulatory and remodeling effects of tDCS on
the cerebral cortex. In addition, two case reports of tDCS
interventions in CP children showed improved gait or balance
function. Durate et al. (18) placed the anode at C4 and the
cathode at C3 and performed stimulaton at 1 mA for 20 min
for 10 sessions. The patient’s gait score and children’s balance
ability scale scores were significantly improved. Santos (12)
performed treadmill training combined with tDCS in a child
with spastic cerebral palsy. They placed the anode electrode
on the cerebellum area and the cathode electrode on the
supraorbital crest and completed 5 sessions of tDCS intervention
with a 1-mA current and 20 min of stimulation for each session.
The results showed that the children’s cadence, average speed
and pelvic symmetry were improved.

No high-quality research is currently available to verify that
the mechanism of tDCS interfering with balance function and
gait patterns in CP children is consistent with some researchers’
assumptions and whether modulation of the cortex can improve
brain network connections in CP children and achieve brain
function remodeling. However, related studies have found
that tDCS increases activation of the prefrontal cortex during
walking in Parkinson’s disease patients and improves gait
through modulation of the cortex and through the neural circuit.
In future research, the mechanism of tDCS intervention on
balance function and gait patterns in CP children warrants
exploration to achieve precise modulation of motor function in
CP children.

tDCS improves cognitive and
language functions in CP children

At present, only three reports are available on the application
of tDCS to improve cognitive and language functions in CP
children, two of which are case reports. Although the sample
size involved is small, the results also demonstrate that tDCS can
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improve cognitive function and language and speech functions
in CP children.

Ko et al. (22) divided CP children into an experimental
group and a control group, with true tDCS combined with
cognitive training in the experimental group and sham tDCS
combined with cognitive training in the control group. The
anode electrode was placed on the dorsal prefrontal cortex
(DLPFC) of the more affected side, and the cathode electrode
was placed on the contralateral supraorbital region. The results
showed that the control group had a certain improvement in
operation ability, attention transfer and comprehension ability,
while tDCS combined with cognitive training significantly
improved each assessed item, and the improvement degree in
the experimental group was better than that in the control
group. Lima et al. (23)reported a case of tDCS improving speech
function. In this study, a child with cerebral palsy and speech
apraxia was treated by tDCS 5 times a week for 2 weeks.
During treatment, the anode electrode was placed in Broca’s
area, and the cathode electrode was placed in the contralateral
supraorbital region; at the same time, oral movement and
speech training were performed. After treatment, the child’s
oral performance, especially the flexibility of the tongue,
was significantly improved. In addition, language fluency and
consonant pronunciation were also improved. Lima et al. (24)
published another report of tDCS treatment in a child with
cerebral palsy in 2021; the child underwent two phases of tDCS
combined with speech therapy for 10 sessions each. Anodal
stimulation of Broca’s area was performed in the first stage, and
anodal stimulation of the left dorsolateral prefrontal cortex was
performed in the second stage. After the second intervention
stage, the children’s vowel and consonant pronunciation and
vocabulary were significantly improved compared to their
abilities in the first stage. In addition, neuroimaging results
showed myelin formation, which might reflect the mechanism
of tDCS.

Few studies have focused on the application of tDCS
to cognitive, language and speech functions in CP children.
Therefore, further clinical research is needed for regional
selection of tDCS interventions for cognitive and language
functions in CP children. Meanwhile, many reports are available
on the use of tDCS to improve cognitive and speech function in
children with attention deficit hyperactivity disorder (ADHD)
and autism spectrum disorder (ASD). Evidence from ADHD
patients demonstrates that anode stimulation of the left dorsal
prefrontal cortex (LDLPFC) can improve selective attention,
executive control, and even walking ability (25, 26). Studies on
ASD patients showed improvements in cognitive and language
performance (27, 28). Consequently, we can speculate that
the left dorsolateral prefrontal cortex, as a brain area closely
related to cognition and language, can also play an important
role in tDCS treatment for cognitive and language abilities in
CP children.
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tDCS application prospects for other
comorbidities in CP children

Sleep disorder

More studies have explored the sleep quality of CP children
(29, 30), and CP children are at risk of sleep disorders. Common
problems include difficulty falling asleep, frequent waking at
night, sleep-related respiratory disorders, early awakening and
daytime fatigue. Sleep problems have been demonstrated to be
related to the independence, quality of life and mental health of
family members of CP children (31, 32). Another study found
that sleep quality can affect the effect of speech therapy to
some extent (33). Therefore, identifying and improving sleep
problems as soon as possible are of great significance for CP
children. However, tDCS has not been reported to improve sleep
disorders in CP children.

However, tDCS has been widely used to treat sleep disorders
in other populations and has been demonstrated to have a
regulatory effect on sleep disorders (34, 35). A study of anodic
tDCS stimulation in the LDLPFC of children with ASD found
that the sleep questionnaire scores of children with ASD were
significantly improved (36), and another tDCS intervention
for student athletes also verified the increase in sleep time
and subjective sleep improvement (37). At present, there is
relevant evidence that the sleep of normal infants begins to
resemble the typical adult state between the ages of 2 and
5 (38). According to various sleep related studies and DSM-
5 standards (39), we can find that the symptoms of sleep
disorders in CP children are similar to those in other patients
with sleep disorders. Although there is no relevant study on
tDCS intervening sleep disorder in children with CP, we can
speculate that tDCS may be used to improve sleep disorder in
children with CP over 5 years old according to the rules of
children’s sleep development and the similarity of sleep disorder
symptoms, but the target and intensity of stimulation need to
be verified.

Anxiety

A study investigated the prevalence of comorbid anxiety
disorder in CP children. Through evaluation of scale scores
reported by parents and scale scores reported by children, 38
and 46% of CP children were found to have clinical anxiety
symptoms, respectively, and some parents did not report the
anxiety symptoms of their child even though the child had
such symptoms (40), which confirms that anxiety symptoms
are more prominent comorbid symptoms in CP children.
On the other hand, the findings also suggest that parents
might have ignored the anxiety symptoms of CP children.
Anxiety symptoms in children may lead to fear, pain and other
physical symptoms, which are not conducive to their social
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communication and may affect their quality of daily life and
social participation (41).

tDCS has been demonstrated to have a regulatory effect on
anxiety symptoms. It can effectively improve anxiety symptoms
in college students, women with primary dysmenorrhea and
elderly individuals (42-44). Patients with anxiety disorder have
been shown to have imbalance in the activities of left and
right DLPFC (45-47). One related literatures mention that
the emotional and cognitive problems of CP children are
closely related to the dysfunction in the frontoparietal network
(48). As a technology that can modulate the activities of
cortex, tDCS can balance the bilateral brain and modulate the
frontoparietal network with dysfunction. Therefore, based on
the clinical application related to anxiety and the similarity
of frontoparietal network between children with CP and
patients with anxiety disorder, we can assume that tDCS may
also help improve the anxiety symptoms of CP children. In
future applications, we can select the reasonable stimulation
location and intensity according to existing research on tDCS
interventions for anxiety symptoms and explore the effect of
tDCS on the anxiety symptoms of CP children, which may
help them.

Safety of tDCS in children

Currently, the safety and tolerability data of tDCS in adults
are relatively mature, and no serious adverse reactions have been
reported. The main side effects reported include skin itching and
stinging or burning sensations.

Zewdie et al. (49) conducted a study on the safety and
tolerability of tDCS in children, and the most adverse reactions
reported after the intervention were itching and burning,
followed by tingling and headache. Only a few subjects
experienced dizziness or nausea. In all subjects, no seizures were
observed. In the study of Raess et al. (14), 1 child reported
epilepsy. After evaluation by the pediatrician, the child was
believed to have had focal epilepsy before receiving the tDCS
intervention, and therefore, the epilepsy was determined to not
be associated with the tDCS intervention. In addition, every
subject in this experiment reported pruritus, similar to the
findings of Zewdie et al. (49).

Although tDCS has been widely used in clinical practice and
extensive evidence supports the safety and tolerability of tDCS
in children, its foundation is still electrical stimulation therapy,
implying that children with contraindications to electrical
stimulation therapy should not be treated with tDCS. In
addition, due to the particularities of children, the primary
concern in clinical practice is still the safety of children. The
stimulation parameters, stimulation intensity, stimulation time,
and frequency of the intervention should be carefully considered
and designed. However, because of children’s poor cognitive
and expressive abilities, they may not be able to provide timely
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and accurate feedback on treatment effects. The therapist must
focus on the children’s subjective feelings at all times and
regularly confirm the children’s skin condition, vital signs and
other objective conditions to avoid adverse reactions during
tDCS treatment.

Conclusion

Although few studies on tDCS application in CP children are
available, most research supports the effectiveness of tDCS on
motor function, language and cognitive function in CP children.
In these studies (19, 23, 50), stimulation locations, stimulation
intensities, and intervention durations and frequencies differed.
Whether optimal values exist for these specific parameters is not
known and warrants further study.

In some studies, synchronized tDCS interventions and
rehabilitation training were performed. This training mode
shortens the intervention time for children, but whether this
synchronized mode is better than other treatment modes and
whether different sequences will produce different effects still
require confirmation by large-scale studies. In addition, tDCS
has good application prospects for other comorbid symptoms
in CP children, such as sleep disorders and anxiety disorders.
Overall, tDCS has good application prospects as an auxiliary
means for the rehabilitation of CP children, although its
mechanism of action requires further exploration.
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