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Abstract

Parkinson’s disease (PD) is a neurodegenerative disorder that leads to
motor and non-motor impairments, including tremors, bradykinesia,
and rigidity. Current treatments, such as pharmacological therapies
and deep brain stimulation, have efficacy and side effects limitations.
Transcranial direct current stimulation (tDCS) is a non-invasive
technique that may offer a complementary approach to managing PD
motor symptoms. This review aims to evaluate the efficacy of tDCS
in improving motor outcomes in PD patients. This systematic review
followed PRISMA guidelines and was registered on the PROSPERO
platform (CRD4202457096). We included randomized controlled
trials (RCTs) that assessed tDCS in PD patients with a control group.
Studies were identified through PubMed, Embase, and Cochrane
Library searches up to January 2025. Data on participant demo-
graphics, interventions, outcomes, and results were extracted and
analyzed. Risk of bias was assessed using the Cochrane RoB 2 tool.
Five studies involving 176 participants (mean age 67.13 years) were
included. Results indicated that tDCS improved motor outcomes,
including gait, posture, and balance. Notably, it demonstrated en-
hanced dual-task gait speed and improvements in gait cadence. Also,
it was reported that there were reductions in freezing of gait severity,
while improvements in trunk stability and postural control. Despite
promising findings, heterogeneity across studies was observed, par-
ticularly regarding stimulation parameters and outcome measures.
This review provides evidence that tDCS can improve motor symp-
toms in PD, particularly gait and posture. However, variability in
stimulation protocols and small sample sizes limit generalizability.
Larger, standardized trials are needed to confirm tDCS’s efficacy,
optimize treatment parameters, and assess long-term effects. tDCS
shows potential as an adjunctive therapy for managing motor symp-
toms in PD patients.
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Introduction

Parkinson’s disease (PD) is characterized as a neurodegenerative
disorder that progressively starts with the loss of dopamine-pro-
ducing neurons in the brain. This leads to both motor and non-
motor symptoms. These symptoms include tremors, bradykinesia,
rigidity, and postural instability, and impair patient quality of life,
diminishing their mobility and independence [1-4]. Therapies of-
ten focus on physical therapy, pharmacological interventions and,
in some cases, surgical procedures such as deep brain stimulation
can be applied. However, these approaches have limitations, such
as lower efficacy over time, side effects, and invasiveness [5].

Transcranial direct current stimulation (tDCS), on the other
hand, is a non-invasive technique with potential benefits for
PD patients [6, 7]. This technique involves a low electrical cur-
rent delivered to the scalp that can modulate neuronal activity.
Some studies suggest that it can improve motor function in pa-
tients with PD, for instance, in outcomes such as cadence, stride
length, the Timed Up and Go (TUG) test, gait capacity, balance,
and the Unified Parkinson’s Disease Rating Scale (UPDRS) III
[8-10]. Despite that, the evidence is limited and inconsistent,
highlighting the need to understand tDCS’s efficacy and safety.

Therefore, while tDCS shows some improvements in
motor symptoms in PD patients, the literature remains frag-
mented, and clinical evidence remains scarce. This systematic
review aims to evaluate the efficacy of tDCS as an adjuvant
therapy for motor symptoms of patients with PD. By collecting
data from various studies, we want to determine the consist-
ency of tDCS effects across different methods, identify gaps
in the literature, and provide a better understanding of this
therapy and a non-invasive option. Also, it is a goal to guide
future research directions, emphasizing both the benefits and
limitations of tDCS in motor symptoms of PD.

Methods

Protocol and registration

This systematic review was carried out per the Preferred Re-
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Table 1. Search Strategy

Database  Search strategy

PubMed “Transcranial Direct Current Stimulation”’[Mesh] AND “Parkinson Disease”[Mesh] AND random*

Embase “Transcranial Direct Current Stimulation”/syn AND “Parkinson Disease”/syn AND “Randomized Controlled Trial”/syn
Cochrane  “tDCS” OR “Cathodal Stimulation Transcranial Direct Current Stimulation” OR “Cathodal Stimulation tDCS” OR

Library “Cathodal Stimulation tDCSs” OR “Stimulation tDCS, Cathodal” OR “Stimulation tDCSs, Cathodal” OR “tDCS, Cathodal

Stimulation” OR “tDCSs, Cathodal Stimulation” OR “Transcranial Random Noise Stimulation” OR “Transcranial Alternating
Current Stimulation” OR “Transcranial Electrical Stimulation” OR “Electrical Stimulation, Transcranial” OR “Electrical
Stimulations, Transcranial” OR “Stimulation, Transcranial Electrical” OR “Stimulations, Transcranial Electrical” OR
“Transcranial Electrical Stimulations” OR “Anodal Stimulation Transcranial Direct Current Stimulation” OR “Anodal
Stimulation tDCS” OR “Anodal Stimulation tDCSs” OR “Stimulation tDCS, Anodal” OR “Stimulation tDCSs, Anodal”

OR “tDCS, Anodal Stimulation” OR “tDCSs, Anodal Stimulation” OR “Repetitive Transcranial Electrical Stimulation” OR
“Transcranial Direct Current Stimulation” AND “Idiopathic Parkinson’s Disease” OR “Lewy Body Parkinson’s Disease”

OR “Parkinson’s Disease, Idiopathic” OR “Parkinson’s Disease, Lewy Body” OR “Parkinson Disease, Idiopathic” OR
“Parkinson’s Disease” OR “Idiopathic Parkinson Disease” OR “Lewy Body Parkinson Disease” OR “Primary Parkinsonism”
OR “Parkinsonism, Primary” OR “Paralysis Agitans” OR “Parkinson Disease” AND “Clinical Trials, Randomized” OR
“Trials, Randomized Clinical” OR “Controlled Clinical Trials, Randomized” OR “Randomized Controlled Trial”

Search strategies used for retrieving studies on transcranial direct current stimulation (tDCS) for Parkinson’s disease across PubMed, Embase, and
Cochrane Library. Each database search included specific terms and filters to identify the randomized controlled trials of interest.

porting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [11], and the registration of this re-
search project was completed on the PROSPERO platform
CRD4202457096.

Eligibility criteria

The inclusion criteria for articles were: 1) eligible randomized
controlled trials (RCTs); 2) studies that included any form of
tDCS in the PD population; and 3) articles that had a control
group. Furthermore, the exclusion criteria were: 1) articles that
compared different types of tDCS; 2) articles that compared
different intensities of stimulation; and 3) articles lacking a
specific analysis of the subgroup of patients with PD. No re-
strictions were applied regarding age, gender, healthcare pro-
fessional’s classification, or the date of service use.

Search and selection strategy

A systematic search was conducted from inception to Janu-
ary 2025 across PubMed, Embase, and Cochrane Library data-
bases, to identify key studies evaluating the impact of tDCS on
motor therapy in individuals with PD. No filters were applied
regarding language, target audience, or publication date. The
specific search strategies employed for each database are de-
tailed in Table 1. After the initial search, two authors indepen-
dently removed the duplicates, screened titles and abstracts,
and evaluated the articles in full for eligibility. A consensus-
based discussion with a third author resolved discrepancies.

Data extraction and statistical analysis

The data from each article were distributed in a Google
Spreadsheet table. The following information was included:

article title, first author, year of publication, eligibility criteria,
number of participants, type of randomization, intervention,
control group, outcomes, and results.

Quality assessment and risk of bias

Two independent authors assessed the risk of bias in each RCT
using the Cochrane Collaboration Risk of Bias tool version 2
(RoB 2). To evaluate small study effects for the primary out-
comes, comparison-adjusted funnel plots were utilized.

Results

Search results

As seen in Figure 1, 429 studies were identified. After remov-
ing duplicates and applying eligibility criteria, five articles
were included in the final analysis [10, 12-15].

Description of studies and participants

The five articles included were conducted in five countries:
United States of America, Israel, Brazil, Italy, and Taiwan (Re-
public of China). In total, there were 176 participants, 122 men
and 54 women. The patients had an average age of 67.13 years
old. More information about the studies is provided in Table 2
[10, 12-15].

Outcome result measures

This systematic review highlights several key findings from
various studies about the effects of tDCS in improving motor
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Identification

Screening

Included

Identification of new studies via databases and registers

Records identified from:
Databases (n = 3):
PUBMED (n = 66)
EMBASE (n = 202)

COCHRANE (n = 161)
Registers (n = 429)

Records removed before screening:

Duplicate records (n = 187)

Records screened
(n =242)

Records excluded
(n =235)

l

Reports sought for retrieval
(n=7)

Reports not retrieved
(n=0)

l

Reports assessed for eligibility
(n=7)

Reports excluded:
brief report (n = 1)
short communication (n = 1)

New studies included in review
(n=3)

Figure 1. PRISMA flow diagram for the systematic review and meta-analysis. Diagram illustrates the identification, screening,

and inclusion process of studies for this systematic review.

Table 2. Characteristics of the Included Studies

Study .

Study stz Intervention (N) Control (N)
Wong et al, RCT M1 tDCS, DLPFC tDCS, cerebellum tDCS (N = 27, nine participants in each group) Sham tDCS
2022 [10] group (N =9)
Da Silva et RCT tDCS in the supplementary motor area and medial areas of the primary motor cortices (N =8) Sham tDCS

al, 2018 [12] group (N=9)
Manor et al, RCT tDCS applied on the left DLPFC and the bilateral leg region of M1 (N = 37) Sham tDCS
2021 [14] group (N = 36)
De Iccoetal, RCT Bihemispheric M1 tDCS for 20 min during five consecutive days (N = 13) Sham tDCS
2022 [13] group (N =15)
Berettaetal, RCT tDCS (eight sessions) applied on the primary M1 for 20 min (N = 11) Sham tDCS
2024 [15] group (N =11)

The table summarizes the study design, interventions applied, and the number of participants for each group in the included studies. DLPFC: dorso-
lateral prefrontal cortex; M1: motor cortex; RCT: randomized controlled trial; tDCS: transcranial direct current stimulation.
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Risk of bias domains

Study

Domains:

D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention.

PODOS

Judgement

D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

Figure 2. Risk of Bias 2 Tool assessment. Risk of bias assessment for included studies using the Risk of Bias 2 Tool. The figure
presents “traffic light” plots with domain-level judgments for each study and bar plots summarize the distribution of risk-of-bias
judgments across domains. Green indicates low risk of bias, reflecting high methodological quality.

outcomes for individuals with PD. One study reported that ap-
plying tDCS to the dorsolateral prefrontal cortex (DLPFC) (P
< 0.001), the primary motor cortex (P = 0.048), and the cere-
bellum (P =0.001) significantly improved dual-task gait speed
performance when compared to baseline [10]. However, it is
noteworthy that there were no significant enhancements in sin-
gle walking or TUG performance compared to control groups.

Another article found a significant difference in gait ca-
dence between the real tDCS and the sham groups (P =0.014),
indicating that tDCS may effectively modify gait patterns in
PD patients [12]. There were no significant differences in other
outcomes (such as gait speed and duration) between groups in
his study. Furthermore, one study presented secondary analy-
ses showing that tDCS, compared with sham, overall reduced
self-reported severity of freezing of gait (FOG) (P = 0.05)
and significantly increased daily living step counts (P = 0.04)
[14]. Among individuals with mild-to-moderate FOG severity,
tDCS in comparison with sham notably improved performance
on FOG-provoking tests (P = 0.048) and self-reported experi-
ences of freezing (P = 0.05).

A different study reported pronounced improvements in
several motor function variables in the tDCS group compared
to the sham group, including enhanced overall posture (P =

0.014), reduced lateral trunk inclination during standing (P =
0.013), increased total range of motion of the trunk (P =0.012),
and improved Functional Independence Measure (FIM) scores
(P =0.048) [13]. Lastly, another trial, also evaluating postural
responses to tDCS, showed that the active group experienced a
reduction in recovery time following postural perturbations (P
<0.001) and decreased reliance on prefrontal executive-atten-
tional resources (P = 0.017), indicating enhanced movement
automaticity. There was also a trend toward shorter medial
gastrocnemius (MG) muscle onset latency in the active tDCS
group post-intervention (P = 0.040), though this effect did not
persist at follow-up (P = 0.056) [15].

Collectively, these studies underscore the potential of
tDCS to enhance motor functions, including gait, posture, and
overall mobility, in individuals with PD, highlighting its prom-
ise as a therapeutic intervention for managing motor symp-
toms associated with the condition.

Risk of bias

The risk of bias evaluation for all five included articles re-
vealed an overall low risk of bias among all studies. Figure 2
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presents further details, including assessing each domain of the
analyses for every article.

Discussion

This systematic review investigated the role of tDCS as an
adjunctive therapy for motor symptoms in PD, addressing an
important gap regarding its efficacy and safety. Current treat-
ments for PD are often limited by invasiveness, side effects,
and reduced effectiveness over time, then tDCS offers a non-
invasive alternative that can improve motor outcomes, includ-
ing gait speed, posture, and balance. This review synthesized
data from five RCTs, indicating that tDCS can enhance mo-
tor functions such as dual-task gait speed and trunk stability.
However, outcome variability underscores the need to clarify
further the most effective stimulation parameters and treat-
ment protocols.

The observed motor improvements, such as those reported
in dual-task gait speed and cadence, align with existing evi-
dence that tDCS can modulate cortical excitability, which may
enhance motor performance in PD patients [6, 16]. The stud-
ies included in this review suggest that stimulation of regions
like the primary motor cortex and DLPFC might reinforce
pathways affected by dopaminergic neuron loss, potentially
offering patients improved motor stability [17, 18]. For exam-
ple, one study demonstrated gains in gait speed with DLPFC
stimulation [10]. Meanwhile, another trial reported enhanced
cadence with motor cortex targeting, supporting the hypothesis
that strategic electrode placement can produce specific motor
benefits [12].

Additional findings, such as reductions in FOG and im-
provements in trunk posture and balance, indicate that tDCS
might benefit more complex motor functions, which are typi-
cally challenging to treat with standard therapies [19, 20]. For
instance, it was shown that tDCS could reduce FOG sever-
ity, particularly in patients with mild-to-moderate symptoms,
which is significant given the limited efficacy of pharmaco-
logical interventions in addressing FOG [14]. Furthermore,
two articles highlighted improvements in trunk stability and
postural control, reduced recovery time after perturbations and
decreased reliance on prefrontal executive-attentional resourc-
es, suggesting improved movement automaticity and postural
stability in PD, showing that tDCS may support better balance
and gait, both critical for maintaining mobility and reducing
fall risk in PD [13, 15].

The variability in tDCS efficacy across studies reflects dif-
ferences in stimulation protocols, highlighting the need to es-
tablish standardized parameters. Electrode placement, for ex-
ample, greatly impacts which cortical areas are targeted [21].
Motor cortex stimulation has shown promise for basic motor
functions, while DLPFC targeting affects dual-tasking abili-
ties. Similarly, current intensity and duration may play a role in
effectiveness, as some studies applied currents of 1 mA while
others used 2 mA, with differing session lengths. Standardiz-
ing these variables across trials would likely improve compa-
rability and help identify optimal protocols for PD.

The limited sample sizes and short-term follow-ups in

many of the reviewed studies constrain the generalizability
of the findings, as small cohorts and a lack of long-term data
make it difficult to assess whether observed motor improve-
ments are sustained or diminished post-stimulation. It is essen-
tial to determine whether repeated tDCS sessions are required
for sustained benefits or if continuous application has a cumu-
lative effect. Future studies should focus on longer follow-up
periods and larger sample sizes to better understand the dura-
bility of tDCS benefits. Another critical limitation is the need
for more reporting of adverse effects, making it challenging to
evaluate the safety of tDCS for long-term use fully. Although
tDCS is widely considered safe, thorough documentation of
potential side effects is necessary to assess its feasibility as a
regular treatment option.

This review suggests that tDCS complements existing
treatment strategies for managing motor symptoms in PD, par-
ticularly for patients who do not respond well to traditional
therapies. Policymakers and clinicians may consider integrat-
ing tDCS into clinical practice as an adjunctive treatment,
especially in cases where invasive procedures are not viable.
Moving forward, more extensive and standardized studies are
needed to explore combination therapies and to assess the im-
pact of tDCS on PD across different disease stages.

Conclusion

This systematic review provides preliminary evidence that
tDCS may offer modest but meaningful improvements in mo-
tor symptoms for patients with PD, particularly in gait and pos-
tural control. However, the heterogeneity across protocols and
sample limitations underscores the need for further standard-
ized and large-scale trials. With continued investigation, tDCS
holds promise as a valuable adjunctive therapy for PD, poten-
tially improving patients’ mobility, stability, and quality of life.
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