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Effects of Transcranial Direct Current
Stimulation on Speech and Voice
Changes in Parkinson’s Disease: a
Systematic Review with Meta-Analysis

Efeitos da Estimulag&o Transcraniana por
Corrente Continua nas alteragcées de Fala e
Voz para a Doenca de Parkinson: uma Reviséao

Sistematica com Metanalise
ABSTRACT

Purpose: This meta-analysis aims to evaluate the existing evidence on the effects of tDCS on speech and voice
alterations in patients with PD. Search strategies: PubMed, LILACS, EMBASE, Cochrane Central Register of
Controlled Trials, Science Direct, Web of Science, Scopus, and gray literature searches: Google Scholar and Open
Grey. The search included the descriptors: “Parkinson Disease, Transcranial Direct Current Stimulation, Voice,
Speech” combined with AND and OR. Selection criteria: Patients with Parkinson’s Disease, both sexes. Use of
Transcranial Direct Current Stimulation (tDCS) to treat voice and speech parameters in patients with Parkinson’s
Disease. Data analysis: A total of 1,345 articles were included, 14 articles in the systematic review and 6 articles
in the meta-analysis. The risk of bias and level of evidence were assessed using REVIEW MANAGER 5.4.1
and GRADE software. Results: The results showed an overall effect size of tDCS of Z=0.89 (P=0.37). Studies
targeting the prefrontal cortex (PFC) showed a larger effect size of 1.38 (P=0.17), thus demonstrating a greater
impact on speech and voice outcomes with the use of tDCS for PD. Three studies presented a low risk of bias,
and three studies presented an unclear risk. Conclusion: Despite the small number of studies, the findings of
this meta-analysis suggest the potential applicability of tDCS as an adjunctive tool in the treatment of voice
and speech disorders in patients with PD.

RESUMO

Objetivo: Esta metanalise tem o objetivo de avaliar a evidéncia existente dos efeitos da tDCS nas alteragdes de
fala e de voz de pacientes com DP. Estratégias de Pesquisa: PubMed, LILACS, EMBASE, Cochrane Central
Register of Controlled Trials, Science Direct, Web of Science, Scopus e de literatura cinzenta Google Scholar e
Open Grey. A busca incluiu os descritores: “Parkinson Disease, Transcranial Direct Current Stimulation, Voice,
Speech” combinados com AND e OR. Critérios de Sele¢@o: Pacientes com a Doenga de Parkinson, ambos os
sexos. Uso da Estimula¢@o Transcraniana por Corrente Continua (tDCS) para tratar os parametros de voz e fala
nos pacientes acometidos pela Doenga de Parkinson. Analise de dados: Um total de 1.345 artigos, 14 artigos
incluidos na reviso sistematica e 6 artigos na metanalise. O risco de viés e o nivel de evidéncia foram avaliados
pelo software REVIEW MANAGER 5.4.1. ¢ GRADE. Resultados: Os resultados mostraram um tamanho de
efeito geral da tDCS de Z= 0.89 (P=0.37). Estudos com area alvo no cortex pré-frontal (PFC) apresentaram maior
tamanho de efeito 1.38(P=0.17), portanto com maior impacto para desfecho de fala e voz com uso de tDCS para
DP. Trés estudos apresentaram baixo risco de viés e trés estudos apresentaram risco pouco claro. Conclusao:
Apesar do baixo nimero de estudos, os achados desta metanalise sugerem a potencial aplicabilidade da tDCS
como ferramenta adjuvante no tratamento das alteragdes de voz e fala em pacientes com DP.
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INTRODUCTION

Increasing life expectancy and advances in the diagnosis and
treatment of degenerative diseases, which primarily occur in
people over 65, have highlighted Parkinson’s Disease (PD) as
one of the most prevalent diseases today'". PD is characterized
by the degeneration of neurons in the substantia nigra of the
midbrain, which causes a decrease in the production of the
neurotransmitter dopamine. The pathophysiology of classic
PD signs includes dysfunction in the basal ganglia circuits as
a determining factor in the emergence of changes in movement
control, resulting in motor and non-motor symptoms, with the
presence of voice and speech dysfunctions, characterized by
dysarthrophonia and/or dysarthria®.

Feedforward motor and sensory feedback mechanisms
comprise current models of speech and propose the complex
role of the brain in performing this mechanism. The detrimental
effects on voice motor control mechanisms in PD occur due
to the degeneration of dopaminergic neurons, resulting in
impairments in movement mechanisms that lead to speech
motor disorders: voice tremor, reduced voice volume, and
difficulties with intonation®. Changes in voice and speech
motor control in PD are evidenced by decreased excitatory
input to the cortex, which causes and gives rise to physiological
deficits in the peripheral systems (laryngeal, articulatory, and
respiratory), as well as decreased cortical activity in the speech
production network®.

In recent years, a growing number of researchers have
dedicated themselves to studying the effects of non-invasive
brain stimulation techniques, such as Transcranial Direct Current
Stimulation (tDCS), in managing the difficulties caused by PD.
tDCS is a technique in which a low-intensity electrical current
is administered through two surface electrodes—an anode and
a cathode—positioned on the scalp®. This current can induce
changes in the resting potential of the neuronal membrane,
modulating its excitability and making the brain region below
the electrodes more or less active, depending on the polarity of
the current. Repeatedly applying this stimulation to a specific
target region of the brain can modulate the underlying neural
networks through the mechanism of postsynaptic neuroplasticity,
producing significant functional or behavioral changes®.

Despite the growing number of studies using tDCS to
treat motor and non-motor functions in individuals with PD,
there are still gaps and questions to be answered regarding the
effectiveness of this therapeutic resource in this population.
To our knowledge, there are still no studies on the effects of
tDCS on voice and speech changes caused by PD. Therefore,
we believe it is important to conduct a Systematic Review of
the scientific bases and verify, through a Meta-Analysis, how
tDCS Neuromodulation is bringing benefits and enhancing the
therapeutic results of Speech-Language Pathology (SLP) on the
voice and speech of individuals with PD.

The objective of this study was to perform a systematic
review with meta-analysis of articles that use Transcranial
Direct Current Stimulation as an adjuvant technological
resource for the treatment of speech and voice in individuals
with Parkinson’s Disease.

METHOD

This Systematic Review (SR) protocol was registered with
the International Prospective Register of Systematic Reviews
(PROSPERO) platform prior to its implementation, under
number CRD42024542291, after a search and verification of
the absence of SR studies with meta-analysis addressing this
topic and evaluation.

Study design

This protocol included the following aspects related to
the research topic: the research question, the criteria for
selecting and searching for articles in the databases explored,
eligibility, data extraction, data analysis, and the manner in
which outcomes were assessed. There were no restrictions on
language or year of publication for the articles included in this
SR. The acronym PICOS (Patient, Intervention, Comparator,
Outcomes and Study design) was used for the guiding research
question of this systematic review according to the PRISMA
protocol: “What are the effects and evidence on the voice
and speech of individuals affected by Parkinson’s Disease
who used transcranial direct current stimulation-tDCS as a
therapeutic resource?”.

The articles included in this SR were limited by language
(Portuguese, English, or Spanish) and publication year within the
last ten years. They were selected according to the inclusion and
exclusion criteria. Data collection for this SR in the databases
was conducted from May 1, 2024, to July 31, 2024.

The criteria used by the acronym PICOS for this SR are
described in Table 1 below. The table also addresses the inclusion
and exclusion criteria for the studies in this SR.

Literature search and selection criteria

Initially, a search and identification of terms and descriptors to
be used in the Health Sciences Descriptors (DeCS) and Medical
Subject Heading (MeSH) platform were performed for the research
topic (Parkinson’s), the therapeutic resource (Transcranial Direct
Current Stimulation - tDCS), and the expected outcomes of the
studies included in this SR for speech and voice in individuals
with Parkinson’s undergoing this therapeutic activity.

When planning the search strategy, the terms and descriptors
were found and used to conduct the systematic review. The
descriptors used in this review were: “Parkinson’s Disease,”
“Transcranial Direct Current Stimulation,” “Voice,” and “Speech,”
and their Portuguese equivalents, “Doenca de Parkinson,”
“Estimulagdo Transcraniana por Corrente Continua,” “Voz,” and
“Fala.” The AND and OR combinations were used according
to the combinations between the descriptors in the databases
searched.

Searches for terms and descriptors were performed in the
following databases: PubMed, Cochrane Central Register of
Controlled Trials, Embase, Scopus, Web of Science, Scielo,
Lilacs, Science Direct, and Medline. The gray literature
databases Google Scholar and Open Grey also participated
in the research.
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Table 1. PICOS criteria for selecting studies for this Systematic Review.

INCLUSION EXCLUSION

PATIENT

(Population)

INTERVENTION

(Intervention)
COMPARISON
(Comparison)

OUTCOME
(Outcomes)

STUDY DESIGN
(Study Design)

DATA REPORT
(Data Report)

- Individual health condition: unstable
hemodynamics, other neurological disease, or
untreated psychiatric illness.

- Use of DBS or metal in the brain, or any
reason that prevents tDCS.

- Hearing impairment or use of hearing aids or
cochlear implants.

Studies that do not use tDCS in the proposed
treatment.

Patients with Parkinson’s disease, both sexes, in
stages 2 or 3 of the Hoehn-Yahr PD scale.

Use of Transcranial Direct Current Stimulation
(tDCS) to treat voice and speech parameters in
patients with Parkinson’s disease.
(a-tDCS, c-tDCS, s-tDCS, or sham)

Areas of application of the 10-20 System
Protocol for tDCS, focusing on voice and speech
for individuals with Parkinson’s disease.

Studies that do not identify the area
stimulated with tDCS.

Improvement in voice production and acoustic
parameters, speech fluency and intelligibility, and
reduction in signs and symptoms of voice and
speech disorders.

Intervention studies (cross-sectional or
longitudinal), with randomized or non-randomized
clinical trials, and other studies addressing
Transcranial Direct Current Stimulation (tDCS) in
individuals with PD.

Use data to analyze and estimate the effects of
tDCS associated with voice and speech training
or assessment in PD.

Studies that do not have voice and speech
outcomes.

Accuracy, Prevalence, Prognosis.

TYPE OF PUBLICATIONS
(Type of Publications)

Must have been published in a peer-reviewed
journal within the last ten years and in any

language.

Caption: tDCS - Transcranial direct current stimulation atDCS - Anodal Transcranial Direct Current Stimulation ctDCS - Cathodal Transcranial Direct Current
Stimulation sham or stDCS - Simulated Transcranial Direct Current Stimulation DP - Parkinson’s Disease DBS - Deep Brain Stimulation AASI - Individual Sound

Amplification Device.

Data collection and analysis

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA-2020)© protocol was used for this
systematic review. This protocol is recommended because it
provides greater accuracy in describing and reporting systematic
reviews.

After completing the database search, the SR articles were
exported to the ENdNote® reference manager (EndNote/Clarivate
Analytics, PA, USA) for organization and removal of duplicate
articles. The articles were then exported to Rayyan® software
(Qatar Computing Research Institute, Doha, Qatar), where studies
were blindly and independently selected by two reviewers.
Decisions were recorded on the platform and disagreements
were resolved by consensus. Articles were selected based on
the eligibility criteria and the inclusion and exclusion criteria.
After completing the data collection, analysis, interpretation, and
discussion of the results, PRISMA® was followed to prepare
the final report of this Systematic Review on the Effects and
Evidence of Transcranial Direct Current Stimulation on Voice
and Speech Changes in Individuals with PD. The meta-analysis
followed the random-effects model for the statistical models
applied through the REVIEW MANAGER 5.4.1 software.
Subgroup analysis was performed to assess the robustness of
the results, observed in the forest plot graphs.

Quality Assessment

The methodological quality of the research articles was
assessed following the guidelines that aid in the development
of a high-quality SR: The Cochrane Reviewers’ Handbook”.
The RoB 2.0 tool® (Revised Cochrane risk-of-bias tool for
randomized trials) recommended by Cochrane to assess the
risk of bias in randomized clinical trials will be used to assess
the risk of bias, observing the following domains: bias in the
randomization process, deviations from the intended intervention
due to missing data, in the measurement of outcomes, and
in the reporting of outcomes!”. To assess the effect size, the
REVIEW MANAGER 5.4.1 software was used, which displays
the forest plot with the effect size of the studies, the degree of
confidence, and the heterogeneity that the study results may
present. The precision of the effect sizes was estimated using
a 95% confidence interval.

RESULTS

Data extraction

The PRISMA® diagram describes the steps of the Systematic
Review. It shows the results through the following topics:
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Identification of 1,345 articles found in different databases:
PubMed, Cochrane Central Register of Controlled Trials,
Embase, Scopus, Web of Science, Scielo, Lilacs, Science Direct,
Medline, and the gray literature databases Google Scholar and
Open Grey. In the Screening section, the 1.345 articles were
exported to Rayann for selection and screening by reading the
titles and abstracts. Eleven duplicate articles were removed from
the total search results in EndNote after automatic selection in
Rayyan. A total of 1.279 articles were excluded for not being
relevant to the research question, leaving a total of 66 articles
for full reading, following the eligibility criteria for the database
search proposed in the PROSPERO Systematic Review Protocol.
In the end, 14 articles were analyzed for selection and analysis
of results described in Tables 2 and 3, with a meta-analysis was
performed using the PRISMA (2020) Included section for this
SR, articles with sources (n=1), results (n=2), or comparators
(n=5) that did not meet the meta-analysis requirements were
excluded. Some studies presented a different population, did
not use Transcranial Direct Current Stimulation (tDCS) as a
technological resource, or presented another type of outcome
in the treatment intervention other than voice or speech. At the
end of the analysis and exclusions, 6 articles were included for
the Systematic Review with Meta-analysis.

The PRISMA(2020) Diagram with the Identification, Selection
and Inclusion phases of the articles of this Systematic Review
and Meta-Analysis is presented in Figure 1 below.

Description of studies

The studies included in this Systematic Review were described
by topic in tabular form and will be discussed with other studies
and literature findings on the topic of the research question.

Systematic review

Table 2 presents the eight publications selected for this
review. These publications refer to theoretical, conceptual, or
Systematic Review publications that lacked empirical data for
inclusion in the Meta-Analysis and used Transcranial Direct
Current Stimulation (tDCS) for PD. They include the authors’
identification and year of publication, place of publication, DOI,
objectives, method used, tDCS parameters, main findings, and
the study’s conclusion.

Meta-analysis

The publications of empirical studies with the six articles
that comprise this Meta-Analysis are described in Table 3, with
the same topics already indicated in Table 2 for the use of tDCS
for speech and voice in PD.

Table 4 lists the six empirical articles included in the meta-
analysis that refer to the use of transcranial direct current
stimulation (tDCS) for the treatment of Parkinson’s disease
with voice and speech outcomes, which will be described below.
The table describes the type of neuromodulation stimulation,
medication status during the session, stimulation sites (anode/
cathode/sham), electrode size, current intensity (mA), stimulation
duration in minutes, and number of sessions.

Analysis of results

For this meta-analysis, the results were compared regarding
the common outcome of speech and voice studies with anodal
or cathodal tDCS compared to sham or between the two groups.
The mean between the groups that received stimulation and
those that did not was used as a reference. We used Review
Manager 5.4.1 software to calculate the treatment effect and
95% confidence intervals for the studies, using the mean,
standard deviation, and sample size, analyzing the results and
forest plots. We also assessed the risk of bias for the studies
included in this meta-analysis: selection bias (randomization
and allocation), performance bias (blinding of participants and
personnel), detection bias (blinding of outcome assessments),
attrition bias (incomplete results), reporting bias (selective
reporting), and others. These biases were classified according
to the risk of bias as low risk, unclear risk, or high risk.

The meta-analysis performed with the included articles will be
presented according to the target area for tDCS stimulation. We can
observe in Figure 2 the effect of the treatment and the confidence
intervals (95%) of the studies, through the table and forest plot
of the studies with an overall effect size of Z=0.89 (P=0.37),
and significance of (P<0.00001) for heterogeneity, presented
by the random effects model.

The forest plot showed three studies for the target area of
the prefrontal cortex (FPC): Leydon et al.*?, Pereira et al.®? e
Pietrobon et al.?"; with an overall effect size 0of 1.38 (P=0.17),
with significance (P < 0.00001) for heterogeneity; in the target
of the primary motor cortex (M1), one study (Rosa, et al; 2023)
with an effect size of 0.23 (P = 0.82); and in the area of the
superior temporal cortex (STC), two studies: Brabenec, et al
(2023) and Pereira, et al (2013), with an effect size 0of 0.89 (P=
0.86) and significance of (P < 0.00001) for heterogeneity. In
these results, we observed that the larger the effect size, or
strength of association, the greater the impact the factor under
study has on the outcome. Studies targeting the FPC target area
had the largest effect size and, therefore, the greatest impact on
speech and voice outcomes with tDCS for PD.

High heterogeneity was observed in the meta-analysis,
possibly due to differences in intervention protocols regarding the
location of tDCS application and treatment duration. Subgroup
analysis shows that tDCS stimulation targeting the prefrontal
cortex (FPC) had the largest effect size because it corresponds
to the functional cortical area responsible for motor control of
voice production, via the laryngeal motor cortical pathway,
with the dorsolateral prefrontal cortex (DLFPC) responsible
for the learned tasks of speaking and singing, regulating the
control of voice production and frequency; the ventromedial
prefrontal cortex (VMFPC) with the laryngeal swallowing
center for airway protection®.

In assessing the risk of bias using the RoB 2.0 tool, we
observed a low risk of bias in the qualitative assessment for
most studies in the domains of randomization, allocation, results,
and reporting (Leydon et al., 2022; Pereira et al., 2013; and
Brabenec et al., 2023). In the domain of blinding of participants
and personnel, the qualitative assessment showed unclear risk
for the following studies: Pereira et al. (2013), Pietrobon et al.
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IDENTIFICATION OF STUDIES THROUGH DATABASES AND RECORDS

Studies identified in:

- PUBMED (n= 111) Google Scholar (n=834)
- COCHRANE (n=1) Open Gray (n=0)

- Embase (n=2)

-Scopus (n=0) TOTAL= 1,345

- Web of Science (n=11)

-Scielo (n=1)

- Lilacs (n=0)

-Science Direct (n=371)

- MEDLINE (n=14)

for title and
- ARTICLES BY TITLE AND ABSTRACT (n=66)

—————| -EXCLUDED (n=1,268)

Records sought for retrieval:
(n=0)

R, o

d before ]

- DUPLICATE RECORDS REMOVED (n=11)

- RECORDS REMOVED FOR OTHER REASONS
(n=0)

to the theme of the review:

they did not pond

Records not retrieved:

for i
- FULL READING (n=66)

Studies in the Sy d
-INCLUDED IN THE SYSTEMATIC REVIEW (n= 14)

(n=1,268)

from the Met:
- Did not meet inclusion criteria
Incorrect source (n=1)
Incorrect results (n=2)
Incorrect comparator (n=5)
-EXCLUDED FROM THE META-ANALYSIS (n=8)

l

Studies included in the Systematic Review with
Meta-analysis:
- INCLUDED IN THE META-ANALYSIS (n= 6)

Figure 1. PRISMA flowchart (2020) - overview of the screening and exclusion process of the different articles.

(2021), and Rosa et al. (2023). The randomization and allocation
domain also presented unclear risk for the study by Rosa et al.
(2023), as it was not applicable.

Finally, the online version of GRADEpro, a systematic
tool for assessing the certainty of evidence and the strength of
clinical recommendations, was used. After analyzing the results
according to the topics described in GRADE, the studies included
in this meta-analysis were classified as having low certainty of
evidence, as shown in Figure 3, which describes the GRADE
assessment items for this study.

Regarding risk of bias and indirect evidence, they were
classified as not serious; for inconsistency, classified as serious,
the inconsistency level was lowered due to the heterogeneity
(>75%), possibly due to different intervention protocols
and different follow-ups in the studies. For imprecision
(serious), a lower level of evidence was warranted because
the studies showed a benefit, but it was not significant. It
can be concluded that future research is very likely to have
a significant impact on the confidence of the effect estimate
and may alter it.

Pinheiro et al. CoDAS 2026;38(1):¢20250002 DOI: 10.1590/2317-1782/20250002en

Using this methodological resource ensures that evidence-
based decisions are as reliable as possible, promoting better
health outcomes.

DISCUSSION

This section presents concepts of non-invasive neuromodulation
through tDCS and how this therapeutic resource has impacted
the rehabilitation of neurological disorders and alterations, more
specifically Parkinson’s disease. The theoretical and conceptual
articles and publications in this SR provide us with relevant and
current information on the topic.

Systematic review

Initially, a study by Fox et al. (2014) surveyed invasive and
non-invasive brain stimulation in psychiatric and neurological
diseases, showing the most effective target sites and areas for
each disease, according to resting-state functional connectivity.
Among these, we can observe some of the stimulated areas:
Alzheimer’s disease (TMS or tDCS - bilateral DLPFC + parietal/

12/18



tDCS catédica ou sham tDCS anddica Mean Difference Mean Difference

Study or Subgroup Mean SD__ Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1FPC

LEYDON 2022 628 06 6 618 19 6 185% 1.00 [-0.59, 2.59] r
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Test for overall effect. Z=1.38 (P=0.17)
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312m1

ROSAETAL 2023 6415 1415 2 60 21.21 2 100.0% 4.15[-31.19,39.49)

Subtotal (95% CI) 2 2 100.0% 4.15[-31.19,39.49]

Heterogeneity: Not applicable

Testfor overall effect Z=0.23 (P=0.82)

Total (95% Cl) 2 2 100.0% 4.15[-31.19,39.49]

Heterogeneity: Not applicable + p * + +
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Testfor subgroup differences: Not applicable
SUBGROUP 3

tDCS catddica ou sham tDCS anédica Mean Difference Mean Difference
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BRABENEC ETAL 2024 128 01 14 -58 021 14 502% 18.70(18.58,18.82] u
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Heterogeneity: Tau*= 1035.95; Chi*= 278.59, df= 1 (P < 0.00001); F=100%

Test for overall effect Z=0.18 (P = 0.86)
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ol = 200 -100 0 100 200
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Otherbias

% 25% 50% 75%  100%

o

[ Low risk of bias [[Junciearrisk of bias [l High risk of bias

Legend for abbreviations: tDCS - Transcranial direct current stimulation PFC - Prefrontal Cortex M1 - Primary
Motor Cortex STC - Superior Temporal Cortex

Figure 2. Meta-analysis of tDCS studies for the treatment of voice and/or speech in PD with target areas for Prefrontal Cortex (FPC), Motor

Cortex (M1) and Superior Temporal Cortex (STC).
Caption: tDCS - Transcranial direct current stimulation PFC - Prefrontal Cortex M1 - Primary Motor Cortex STC - Superior Temporal Cortex.
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Alves, Nelson

Question: TDCS anédica compared to sham/catddica for voz e fala na Doenga de Parkinson

Setting: Voz e fala
Bibliography:

Certainty assessment

Ne of patients Effect

Certainty Importance
Ne of Study Risk of Other tDCS Relative | Absolute
Inconsmtency i m A oy {95zeiCl} sy - -

Intensidade (follow-up: mean 5 days; assessed with: dB)

6 randomised not not serious

: C serious?
trials serious

serious® none

55/55 55/55 RR 55.00 1.000
(100.0%) (100.0%) (-6.31 to | more per ®®qo
0.89) 1.000 Low™
(from
1.000

fewer to
110
fewer)

Cl: confidence interval; RR: risk ratio

Explanations

a. It was decided to downgrade the inconsistenc! by one level (SEVERE) due to the heterogeneity value being >75% (very high heterogeneity), possibly due to the different
(]

intervention protocols and distinct intervention follow-ups for the studies.

b. The studies showed significant or non-significant benefits, and it was decided to lower the level (SEVERE).

Figure 3. GRADEpro of tDCS studies for the treatment of voice and/or speech in PD to assess the certainty of evidence and the strength of

clinical recommendations.

temporal), Depression (TMS or tDCS - DLPFCe/DLPFCd),
Pain (TMS or tDCS - M1), and Parkinson’s disease - TMS or
tDCS (M1, SMA), among others!?.

Two studies conducted by Miterko et al.'", Manto et al.
(2 and collaborators, reported in a consensus and conceptual
paper the use of Cerebellar Neurostimulation for PD, stating
that the anatomical communication between the cerebellum and
the basal ganglia provides expanded application and results of
tDCS for dystonias and other neurological diseases.

Anodal cerebellar tDCS improves the results of handwriting
and circle drawing tasks, and rehabilitates speech and language
deficits. They also showed positive results for verbal fluency
and cognitive symptoms in PD, in addition to increasing the
ability to learn from mistakes and form and retain motor memory.
Manto (2022) observed that, through functional neuroimaging,
verbal fluency is influenced by cerebellar neurostimulation,
particularly phonemic neurostimulation, through anodal cerebellar
tDCS in the right posterolateral region. It was also found that
there was a perception of a change in the tone of the voice of
sustained vowels compared to sham, when 19 patients received
cerebellar tDCS with neuronavigation, promoting smaller vocal
compensations for pitch disturbance, confirming that cerebellar
tDCS can modulate altered auditory-vocal integration!:'?,

The application of continuous theta-burst stimulation (cTBS)
and cerebellar tDCS have been demonstrated by other authors
to be effective and beneficial for speech and voice. According
to authors!"?, anodal activation of the right cerebellum by tDCS
was observed in tasks of verbal generation, verbal working
memory, voice production, and compensatory voice adjustment.
In addition to these observed aspects, and even more important,
is the causal relationship found in studies between the right
cerebellum and speech production. The authors’ results show
that tDCS on the right cerebellum resulted in increased vocal
compensation for pitch or F1 disturbances.

Studies have also shown that the use of anodal cerebellar
tDCS before or during speech and voice production tasks leads
to improved vocal compensation for pitch disturbances, with
the magnitude and latency of vocal responses not modulated

Pinheiro et al. CoDAS 2026;38(1):¢20250002 DOI: 10.1590/2317-1782/20250002en

by the stimulation time. Furthermore, the modulatory effects of
anodal cerebellar tDCS on vocal compensations were observed
regardless of the size and direction of pitch perturbations!.

Other authors, Montemurro et al.("”, Saluja et al.('®, and
Weismer'”, conducted literature reviews on tDCS and reported
current evidence on the application of neuromodulation in PD
patients regarding voice and speech. They observed that tDCS
favors outcomes in PD motor symptoms more prominently when
associated with rehabilitation, likely due to neuronal plasticity
and long-term synapse generation (LTS).

Regarding speech and language rehabilitation in PD, they
consider that approximately 89% of PD patients may develop
speech and voice disorders (reduced volume, monotonous voice,
and breathy quality), articulation (imprecise consonants and
vowel centralization), and frequency (increased, decreased, and
variable). Speech-language therapy with tDCS improved sound
pressure levels in sustained vowels, reduced the Voice Handicap
Index score, and improved text and monologue reading. It was
also observed that tDCS applied to jaw movements associated
with speech, syllable repetition, and chewing reinforced the
concept that the effects of tDCS depend on the task, as it showed
anegative relationship between nonverbal oromotor performance
and speech production measures!>'”,

In addition to the cerebellar target area for vocal pitch
regulation, many tDCS neuromodulation studies focus on auditory
feedback for speech motor control, as this aspect provides sensory
information that allows monitoring and adjusting vocal output
to produce intended speech goals. This control process is known
as auditory-motor interaction, manifested by compensatory
adjustments in response to mismatches between the expected
auditory feedback and that produced in the fundamental frequency
(F0), intensity, or first formant (F1) of the voice!'?.

These authors'® used anodal tDCS in 17 healthy adults
to modulate the cortical excitability of the left DLPFC and
examine its effects on auditory-motor integration for vocal pitch
regulation. Participants vocalized vowel sounds while listening
to their voices pseudo-randomly shifted in frequency to higher
or lower Hz, during or after active or sham anodal tDCS over
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the left DLPFC. In the results, active anodal tDCS over the left
DLPFC led to significantly lower peak magnitudes and shorter
peak times of vocal compensations for pitch perturbations than
sham stimulation.

Finally, the two systematic reviews by Baig et al.!” and
Balzana et al.®” used database searches to verify the evidence on
the usefulness of non-invasive neuromodulation by tDCS in the
treatment of dysarthria. The databases searched and keywords
for Baig’s (2022) review were: Google Scholar, Embase, Scopus,
PubMed, Cochrane, and Web of Science, keywords (dysarthria,
tDCS, TMS, neurological disorder), with 9 studies with TMS
and 5 with tDCS. Speech-language therapy associated with tDCS
was offered in 6 studies, and positive effects of tDCS were found
in 83% of the studies. The significant post-treatment difference
between the sham and treatment groups was associated with the
sequential movement rate (Hedges’ g = 0.79, 95% CI [0.075,
1.50] P=0.03) favoring tDCS",

And the RS by Balzana et al.?” had the following searches:
Medline, PsycInfo, Embase, Linguistics and Language Behavioral
Abstracts, Web of Science and Cochrane, keywords (Brain and
electrical stimulation, Dysarthria and Research design), finding
10 studies (6 randomized controlled trials and 4 crossover
studies) focused on Neuromodulation (6 TMS, 3 tDCS and 1
tACS) in 268 adults with PD, stroke and neurodegenerative
cerebellar ataxia, related to dysarthria. The 3 studies provided
anodal stimulation over the cerebellum or M1, with a current
intensity of 2 mA. tDCS was administered for 20 (n = 2) or
30 (n = 1) minutes. In all trials, stimulation was administered
5 times a week for a total of 10 sessions, and showed that the
evidence for the use of tDCS in the treatment of dysarthria
needs more randomized clinical trials so that its results can be
replicated more effectively®?.

Meta-analysis

This review also selected six empirical articles for inclusion
in the meta-analysis, four clinical trials, and two case reports
regarding speech and voice symptoms presented before and
after the application of tDCS for PD in the target areas of
the prefrontal cortex (FPC), motor cortex (M1), and superior
temporal cortex (STC).

Pietrobon et al.*" and Rosa et al.*® conducted clinical case
studies with the following methods and results. Pietrobon et al.
(2021) stimulated Broca’s area in the left inferior prefrontal
cortex (F7) with anodal tDCS, 2 mA for 20 minutes, in 9
sessions, using the 10-20 system in a 79-year-old patient with
PD and chronic nonfluent post-stroke aphasia and severe naming
deficit, combined with audiovisual therapy for naming common
objects using videos. The results showed a significant increase
in naming scores between pre- and post-treatment©".

Rosa et al. (2023) verified the effects of tDCS on voice
and speech in PD by studying two male patients with PD and
hypokinetic dysarthria. They applied 10 sessions of anodal tDCS
to the primary motor cortex (M1) using the 10-20 system (C3)
and cathodal tDCS to the primary motor cortex (FP2), with an
intensity of 2 mA, for 20 minutes, on 10 consecutive days. One
patient received speech-language therapy concomitantly with
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neuromodulation, and the other did not. The authors observed
improvements in phonation time, velar movement, and acoustic
analysis parameters (frequency, jitter, shimmer, and noise) for the
participants and concluded that conventional speech-language
therapy combined with tDCS produces better speech and voice
outcomes than tDCS alone®?.

Johari et al. (2024) have not yet presented results in their
study. After a complete reading, it was observed that it was a
clinical trial protocol for the application of HD-tDCS on the
left supplementary motor area (SMA), where the objective is to
investigate the immediate and short-term effects of HD-tDCS on
speech and voice deficits. The intention is to pair 24 participants
with PD and 24 controls with the use of anodal HD-tDCS at
2 mA, for 20 minutes, on 5 consecutive days in the left SMA.
This is a randomized clinical trial protocol registered with
Cochrane and scheduled to start in 2024¢.

And the three with randomized clinical trials were those of
the authors: Pereira et al.*?, Leydon et al.*, and Brabenec et al.
9 with the application of tDCS in brain areas for speech and
voice in PD. Pereira et al. (2013) verified the modulation of
verbal fluency networks by tDCS in Parkinson’s disease. They
evaluated the effects of tDCS on functional networks of phonemic
and semantic fluency in 16 patients with idiopathic PD, applying
assessment, cognitive, and depression scales, followed by the
application of anodal tDCS over the left DLPFC or TPC, and
cathodal over the right FP2, with an intensity of 2 mA, for 20
minutes, in a session with a 2-hour interval between experiments.
They found that tDCS improved functional connectivity in
verbal fluency when applied to the DLPFC more than to the
TPC in PD®.

Another author, Leydon et al.*?, observed speech changes
in individuals diagnosed with PD and evaluated the impact of
tDCS. The study consisted of six men with PD, aged between
65 and 78 years, with a double-blind, crossover, and controlled
study design, investigating the immediate effects of tDCS on
the premotor cortex on speech production. The left DLPFC was
stimulated with 2 mA for 20 minutes with anodal and sham
tDCS, with a one- or two-week interval between stimulation.
The following parameters were evaluated before and after active
and sham stimulation: auditory perceptual evaluation (AVE) and
acoustic voice results (fundamental frequency, intensity, NHR,
and speech rate). The results found speech rate below normal
for participants before tDCS, and after neuromodulation, there
was a significant increase in speech rate in conversation after
stimulation, which did not occur with sham tDCS. The NHR
increased after stimulation, but the other measures of perceptual
disturbance, fundamental frequency or intensity did not show
a statistically significant difference.

Finally, the study by Brabenec et al. (2024) analyzed the
short-term effects of HD-tDCS on motor speech in PD. This pilot
study involved remote treatment combined with LSVT®. The
study population consisted of 14 patients with diagnosed PD,
medication-on status, and dysarthria symptoms. Three sessions
of tDCS (anodal, cathodal, and sham) were administered at an
intensity of 2 mA for 20 minutes, separated by one day, and
speech tasks with 150 words were administered. The results
showed a significant effect of stimulation in improving the
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median duration of inappropriate silences in speech, which,
when altered, negatively impacts speech rthythm and fluency. The
authors concluded that anodal tDCS targeting auditory feedback
can improve motor speech fluency in individuals with PD@%.
The results were described by conceptual and literature
review/systematic studies in this SR, highlighting the benefits
and effectiveness of tDCS. Regarding empirical studies, most
of them involved the application of anodal tDCS to specific
areas of the brain, with an intensity of 2 mA for 20 minutes. The
greatest effect was observed in the prefrontal cortex, as verified
in the meta-analysis, for the effects and evidence of voice and
speech, with improvements in sustained vowel sound pressure
levels, verbal fluency (phonemic), word reading, and monologue.

Limitations and Perspectives of the Study

Among the limitations found in this meta-analysis, there are
still some knowledge gaps that need to be clarified regarding
the protocols used: the amount and duration of stimulation, and
the most appropriate target areas to enhance voice and speech
outcomes with tDCS in PD.

Currently, there are few studies in this area, and we can
observe the presence of possible biases in the studies, due to
the heterogeneity found in the meta-analysis. This highlights
the need for more robust and well-controlled studies to confirm
the benefits and results already found in the scientific literature,
as well as in clinical practice for the study population.

It is necessary to promote larger studies and randomized
clinical trials with better methodological designs that can more
accurately investigate the results and duration of the effects of
tDCS associated with voice and speech therapeutic resources
for PD.

CONCLUSION

After observing the findings of this SR with a meta-analysis
on the use of tDCS for speech and voice disorders in individuals
with Parkinson’s, it is clear that tDCS is a therapeutic resource
that has been implemented in the treatment of PD for some
years, as a complement to therapies and as an alternative to
other invasive or non-invasive therapies for Parkinson’s, such as
Deep Brain Stimulation (DBS) surgery or Transcranial Magnetic
Stimulation (TMS), among others.

The meta-analysis studies targeting the prefrontal cortex,
primary motor area, and superior temporal region showed
the best evidence and impact on speech and voice outcomes
with the use of tDCS for PD, primarily by providing auditory
feedback regulation in the motor activity of speech and voice,
regulating parameters such as sound pressure, fundamental
frequency (F0), and first formant (F1), as well as verbal fluency
and word reading. It is concluded that the target areas stimulated
with tDCS can bring benefits through functional connectivity
and connections established for the production and regulation
of speech and voice in PD.

The SR and meta-analysis on this topic are encouraging
and establish models that can facilitate the development of
clinical trials aimed at supporting the application of tDCS in
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the treatment of speech and voice in PD, and which, based on
scientific evidence, consolidates it as a viable therapeutic option
in speech therapy.
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