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Abstract

Objective: To conduct a systematic review and meta-analysis to assess the impact of transcranial

electrical stimulation (TES), proposed as a potential therapy for post-stroke dysphagia, on swal-

lowing function in stroke survivors.

Methods: The PubMed, Embase, Web of Science, and Cochrane Library databases were

searched for relevant studies on TES for post-stroke dysphagia. Search results were reviewed

following PRISMA guidelines, and the following data were extracted from included studies: study

characteristics, demographics, and outcomes. Bias was assessed using the Cochrane tool.

Heterogeneity and effect sizes were analysed using I2 statistics and appropriate effects models.

The study protocol was registered with PROSPERO (registration No. CRD42024578243)

Results: Six randomized controlled trials met the inclusion criteria (I2¼ 0.0%). The meta-analysis

indicated a significant improvement in dysphagia with TES (standardized mean difference [SMD]

0.43, 95% confidence interval [CI] 0.13, 0.73). Subgroup analysis suggested that low-intensity TES

was effective (SMD 0.46, 95% CI 0.09, 0.82), whereas high-intensity TES showed no significant

improvement (SMD 0.37, 95% CI –0.17, 0.91). No publication bias was detected.

Conclusion: TES may improve swallowing in stroke patients, with potential benefits from

low-intensity protocols.
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Introduction

Stroke, a prominent contributor to disabil-
ity on a global scale, results in a range of
consequences after the event. One of the
most serious sequelae is post-stroke dyspha-
gia, which directly affects the patient’s well-
being and likelihood of survival.1,2 The
incidence of post-stroke dysphagia in indi-
viduals who have experienced a stroke
varies significantly in the available literature,
but it has been reported to impact as many
as 80% of patients during the acute phase,
with a considerable number experiencing
chronic symptoms that require long-term
care strategies.3 The pathophysiology of
post-stroke dysphagia is multifaceted,
involving a complex interplay of neurologi-
cal deficits resulting from damage not only
to the cerebral cortex, but also critically
involving the brainstem.4 Damage to the
brainstem may disrupt the central pattern
generator networks essential for coordinat-
ing the pharyngeal and oesophageal phases
of swallowing, leading to severe oropharyn-
geal dysphagia.5 This impairment distresses
affected individuals and poses significant
challenges for healthcare systems.6 Profound
complications such as malnutrition, dehydra-
tion, and aspiration pneumonia can signifi-
cantly prolong hospital stays, increase the
need for medical interventions, and elevate
healthcare costs, underscoring an urgent
need for effective treatment modalities.7,8

Transcranial electrical stimulation (TES)
represents a frontier in non-invasive brain
stimulation techniques for exploring thera-
peutic options for post-stroke dyspha-
gia.9,10 Transitioning from transcranial

magnetic stimulation, which uses magnetic
fields to modulate neural activity, TES
involves direct electrical stimulation to
enhance synaptic plasticity and aid neuro-
logical recovery. Recent evaluations, such
as the umbrella review by Georgiou
et al.11 indicate that the evidence for trans-
cranial magnetic stimulation is currently
limited and inconclusive, whereas transcra-
nial direct current stimulation, a form of
TES, has shown more promising results
according to recent high-quality meta-
analyses.12 TES, by targeting specific corti-
cal areas involved in swallowing, aims to re-
establish neural connections disrupted by
stroke, thereby improving swallow func-
tion. Despite its potential, the effectiveness
of TES varies, possibly due to differences in
protocols, patient heterogeneity, and timing
of intervention relative to stroke events.13,14

Despite the availability of systematic
reviews and meta-analyses on TES for
post-stroke dysphagia, there remains a critical
need for the current meta-analysis that rigor-
ously addresses gaps in parameter definition,
evidence quality, and subgroup responsive-
ness. The present focused approach not only
refines these aspects but also systematically
evaluates the methodological quality of exist-
ing studies, providing definitive insights that
may significantly enhance clinical protocols
for treating post-stroke dysphagia.15–17 In
light of these considerations, the aim of the
present systematic review and meta-analysis
was to comprehensively assess the available
literature on TES for post-stroke dysphagia,
striving to provide clarity on its therapeutic
potential. By meticulously analysing the col-
lective evidence, this study sought to delineate
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the conditions under which TES may be most
beneficial, with the hypothesis that TES,
particularly at low intensity, significantly
improves swallowing function in stroke sur-
vivors versus high-intensity TES or standard
care. The present review aimed to identify
specific TES parameters that yield the most
favourable outcomes and to clarify the role
TES in managing post-stroke dysphagia.
Through rigorous evaluation, the authors
hope to inform clinical decisions and sup-
port the potential integration of TES into
standard care protocols for post-stroke
dysphagia.

Materials and methods

Search strategy

The Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA) guidelines were followed for the
present systematic review and meta-analysis,
to ensure a structured and transparent
approach.18 The search strategy was initiat-
ed on 19 September 2023, utilizing four
prominent electronic databases: PubMed,
Embase, Web of Science, and the Cochrane
Library, with no restrictions on the publica-
tion period or limitation to articles published
in English only, thereby expanding the scope
to include potentially valuable research
reported in other languages. Searches were
conducted using a combination of key terms,
including ‘Stroke’, ‘Dysphagia’, and
‘transcranial direct current stimulation’,
aligning with the ‘Patient, Intervention,
Comparison, Outcome’ (PICO) framework,
to guarantee a thorough and inclusive liter-
ature search. The search keywords were
selected to capture a broad spectrum of rel-
evant studies, thereby enhancing the depth
and breadth of the meta-analysis. To com-
plement the database search, the reference
lists of pertinent articles were manually
examined to identify additional studies that
might contribute to the analysis. The study

protocol was registered on the PROSPERO

database, registration No. CRD42024578243

(https://www.crd.york.ac.uk/prospero/).

Inclusion and exclusion criteria

Inclusion criteria.

1. Study design: Randomized controlled

trials (RCTs) that investigated the effects

of TES on post-stroke dysphagia and

provided comparative data between inter-

vention groups receiving TES and control

groups not receiving such treatment.
2. Participants: Patients who had experi-

enced a stroke and were diagnosed with

post-stroke dysphagia, including patients

with either acute or chronic phases of

stroke, to encompass a broad patient

population.
3. Interventions: TES, including transcra-

nial direct current stimulation and its

various modalities. Studies were included

if they provided clear details on TES

parameters, such as intensity, frequency,

duration, and electrode placement.
4. Outcomes: Parameters relating to swal-

lowing function, assessed through objec-

tive measures, such as video fluoroscopic

swallow studies, clinical swallow assess-

ments, or validated dysphagia scales.

Exclusion criteria.

1. Non-original research: Reviews, meta-

analyses, editorials, commentaries, and

opinion pieces.
2. Non-human studies: Animal studies, in

vitro studies, and/or other non-human

research.
3. Incomplete data: Studies lacking suffi-

cient data on the outcomes of interest

or missing critical information on TES

intervention parameters.
4. Duplicate publications: In instances of

multiple publications reporting on the

same study population and outcomes,

only the most comprehensive or recent
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report was included to avoid data

duplication.

Screening and data extraction

Literature screening and data extraction

were performed by two independent evalua-

tors (Y Zhao and Z Zhang) to ensure accu-

racy and objectivity. Any discrepancies were

resolved through discussion or, if necessary,

by consulting a third reviewer (C Wang).

The extracted data included study author,

sample size, participants’ mean age, and

sex, stroke type, TES intervention details

(including stimulation site, treatment dura-

tion, dosage, electrode size, and current den-

sity), main outcome measures, time from

stroke to treatment, and any concurrent

therapies. For studies lacking detailed data,

original investigators were contacted to

obtain the necessary unpublished informa-

tion, ensuring a comprehensive analysis.

Quality assessment

The methodological integrity of the selected

studies was appraised using the Cochrane

Collaboration’s risk of bias assessment

framework.19 Two independent reviewers

(Y Zhao and Z Zhang) scrutinized several

key aspects, including the generation of

allocation sequences, concealment of allo-

cation details, implementation of blinding

for both participants and study personnel,

handling of incomplete outcome data, pres-

ence of selective outcome reporting, and

identification of any other potential biases.

Each of these critical domains was evaluat-

ed and categorized based on the risk of bias

it presented, with possible judgments being

‘low risk’, ‘unclear risk’, or ‘high risk’.

In instances where the two reviewers

held differing opinions, a resolution was

sought through mutual discussion, or by

involving a third reviewer (C Wang) when

needed.

Statistical analyses

Data are presented as n prevalence or mean.
Initially, the heterogeneity across studies was

evaluated by applying v2 statistics and deter-
mining the I2 value to quantify the extent of
variance attributable to study heterogeneity
rather than chance. A fixed-effects model

was utilized to calculate the pooled effect
size when the I2 value fell below 50% and
the corresponding P-value was � 0.10, indi-
cating negligible heterogeneity among the

studies. Conversely, significant heterogeneity
was inferred when the I2 value was � 50%,
or the associated P-value was < 0.10,
prompting the use of a random-effects

model to derive the combined effect size.
Sensitivity analysis was conducted to explore
the sources of heterogeneity and assess the
stability of the present findings. This process

involved the systematic exclusion of individ-
ual studies from the analysis to observe the
impact on the overall effect size, thereby
identifying studies that might disproportion-

ately influence the meta-analysis results. To
assess the potential for publication bias, the
symmetry of a funnel plot was examined,
where an equal distribution of studies on

both sides of the apex would indicate mini-
mal risk of bias in the meta-analysis out-
comes. Further, Egger’s linear regression
test provided a quantitative method for

detecting publication bias. Statistical signifi-
cance was established at a P-value < 0.05,
with all tests being two-sided to ensure com-
prehensive analysis. The statistical procedures

and analyses were executed using Stata soft-
ware, version 17 (StataCorp, College Station,
TX, USA), ensuring rigorous and standard-
ized evaluation of the collected data.

Results

Search results and study selection

An initial search of electronic databases,
websites, and citation searching yielded
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1055 potentially relevant articles. A dedu-
plication algorithm was then applied to
eliminate duplicates, leaving each unique
study to be considered once, and automa-
tion tools were used to remove ineligible
articles. Following this, titles and abstracts
of 262 articles were screened against the
predefined inclusion and exclusion criteria,
which took into account factors such as
study design, participant demographics,
measured clinical outcomes, and research
quality, resulting in the exclusion of 136
records. A remaining 171 articles were
sought for retrieval of full texts (126 follow-
ing title and abstract screening and 45 from
websites, organisations and citation search-
ing). Of these, 141 reports were not
retrieved due to the following: full text not
accessible, publication archive missing, and/
or other access issues. This process nar-
rowed the pool to 30 articles for full-text
review. Independent evaluations of these
full texts led to the exclusion of 24 articles
for the following reasons: review articles
(n¼ 9), overlapping publications (n¼ 6),
lack of sufficient data (n¼ 6), and absence

of control groups in clinical trials (n¼ 3).

Consequently, a total of six articles satisfied

the selection criteria and were included in

the final analysis (Figure 1).20–25

Study characteristics

The meta-analysis encompassed six studies,

published between 2011 and 2018, focusing

on the application of TES for treating dys-

phagia in stroke patients. The studies varied

in terms of methodology, with sample sizes

ranging from 14 to 59 participants, and

mean participant ages spanning from 64

to 71 years. Patients with ischemic stroke

and intracerebral haemorrhage were includ-

ed, with a balanced representation of sexes

across studies. The treatment duration

varied from 4 to 10 days, with daily sessions

lasting between 20 to 30 minutes.

Interventions predominantly involved

anodal stimulation, targeting either the

affected or unaffected pharyngeal motor

cortex, with one study applying both

anodal and cathodal stimulation. Dosage

levels were consistent at 1 or 2mA, while

Figure 1. Flowchart for inclusion of studies on transcranial electrical stimulation for post-stroke dysphagia.
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electrode sizes and current densities varied,

reflecting differences in stimulation proto-

cols. The time from stroke onset to the ini-
tiation of treatment varied significantly

among studies, ranging from as few as

4 days to as long as 357 days post-stroke,

indicating a wide spectrum of intervention

timing. This diverse collection of studies

illustrates the breadth of research into TES
as a rehabilitative intervention for post-

stroke dysphagia, highlighting variations in

treatment parameters and patient demo-

graphics. The meta-analysis aimed to synthe-

size these findings to elucidate the efficacy of

TES in enhancing swallowing function in
stroke survivors (Table 1).

Results of quality assessment

The overall quality assessment of the

included studies, using the Cochrane

Collaboration’s risk of bias tool, showed a

relatively high standard of methodological
rigor. Most studies exhibited a low risk of

bias in random sequence generation and

blinding of outcome assessment, indicating

strong internal validity. However, concerns

were noted in allocation concealment and

selective reporting, with several studies pre-
senting unclear or high risk of bias. These

issues may reflect challenges in implement-

ing double-blind protocols in clinical set-

tings. Despite these concerns, blinding of

outcome assessment was generally well-

executed across the studies, ensuring reli-

able results (Figure 2).

Meta-analysis on the efficacy of TES for

post-stroke dysphagia

Six RCTs were reviewed to assess the effi-

cacy of TES in the treatment of dysphagia

following stroke. A homogenous effect size

was observed across the included studies, as

indicated by the lack of significant hetero-
geneity (I2¼ 0.0%, P¼ 0.517). This sug-

gests a consistent treatment effect of TES

across different study designs and patient
populations. The pooled results of the
meta-analysis revealed a statistically signif-
icant improvement in post-stroke dysphagia
among patients who received TES therapy.
The standardized mean difference (SMD)
was calculated to be 0.43 with a 95% con-
fidence interval (CI) ranging from 0.13 to
0.73 (Figure 3). This effect size is indicative
of a moderate treatment benefit, and the
statistical significance (P< 0.01) under-
scores the reliability of these findings. The
consistency of the results across various
studies reinforces the potential of TES as
a therapeutic intervention for enhancing
swallowing function in stroke survivors.
The analysis demonstrates not only the
effectiveness of TES but also its applicabil-
ity as a standard treatment modality in
post-stroke rehabilitation protocols to
address dysphagia, a prevalent and debili-
tating condition among this patient cohort.

Subgroup analysis of TES intensity on
post-stroke dysphagia outcomes

Subgroup analysis based on treatment
intensity was conducted to evaluate the
effect of TES on post-stroke dysphagia.
Studies were categorized into two groups:
low-intensity TES (1mA electrical current)
and high-intensity TES (2mA electrical cur-
rent). Homogeneity tests within each sub-
group revealed no statistically significant
heterogeneity (P> 0.1), indicating unifor-
mity in treatment effects across the studies
within each intensity category. The results
of the subgroup analysis showed that low-
intensity TES had a statistically significant
positive effect on the improvement of dys-
phagia symptoms in stroke survivors. The
SMD for low-intensity TES was 0.46 (95%
CI 0.09, 0.82), with a P-value < 0.01, sup-
porting the efficacy of low-intensity TES in
this context. Conversely, high-intensity TES
did not show a statistically significant
improvement in post-stroke dysphagia,
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Figure 2. Risk of bias evaluation in six studies on transcranial electrical stimulation for post-stroke
dysphagia, according to Cochrane criteria (red, high risk; green, low risk).

Figure 3. Forest plot depicting the effectiveness of transcranial electrical stimulation in treating post-stroke
dysphagia.
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with an SMD of 0.37 (95% CI –0.17, 0.91)

and P> 0.05, suggesting that the treatment

effect of high-intensity TES was not statis-

tically significant (Figure 4). These findings

suggest that while low-intensity TES may be

an effective intervention for mitigating dys-

phagia symptoms following a stroke, high-

intensity TES does not demonstrate a statis-

tically significant benefit. This distinction is

critical for clinical practice, as it guides the

optimization of TES protocols to maximize

therapeutic outcomes for stroke survivors

with dysphagia.

Publication bias

Publication bias was evaluated using funnel

plot analysis, which graphically assesses the

relationship between study size and effect

size, and Egger’s linear regression test, to

provide a statistical measure of publication

bias. The funnel plot demonstrated symme-

try across the included studies (Figure 5),

suggesting an absence of publication bias,

as both smaller and larger studies reported

similar effect sizes. Complementing the

visual assessment, Egger’s linear regression

test results confirmed the funnel plot assess-

ment, with no significant evidence of publi-

cation bias found across different variables

(P> 0.05 for all). This statistical verifica-

tion reinforces the reliability of the results

presented in the meta-analysis.

Discussion

Transcranial electrical stimulation aims to

restore disrupted neural pathways and

improve the coordination of muscles essen-

tial for a functional swallow. The relevance

of the present systematic review and meta-

analysis lies in its critical evaluation of the

Figure 4. Subgroup analysis of transcranial electrical stimulation intensity on post-stroke dysphagia
outcomes (low intensity, 1mA current; high intensity, 2mA current).
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existing evidence to determine the efficacy

of TES for improving swallowing function

in patients who have experienced

stroke.26,27 By analysing data across six

RCTs, the present study provides an over-
view of the impact of TES, considering var-

iations in treatment intensity and patient

outcomes. The findings provide robust evi-

dence that low-intensity TES significantly

improves swallowing function in stroke sur-

vivors, offering a promising intervention for

a condition with limited treatment options.

This research not only clarifies the optimal

parameters for TES application but also

underscores its potential integration into
standard care protocols. By demonstrating

the specific conditions under which TES is

most effective, the present study contributes

valuable insights that could guide clinical

decisions and potentially redefine rehabili-

tation strategies for stroke-related dyspha-

gia.28,29 The present meta-analysis ensures

that these conclusions are both reliable and

relevant to clinical practice, providing a sig-

nificant step forward in post-stroke dyspha-
gia treatment.

The findings of the present meta-analysis

support the efficacy of TES as a therapeutic

intervention for dysphagia in post-stroke

patients. The analysis showed a moderate,

yet statistically significant, improvement in
swallowing function with an SMD of 0.43.

The lack of heterogeneity suggests that TES

is beneficial across various clinical settings

and stroke populations. The positive effects

of low-intensity TES on dysphagia may

potentially be attributed to its role in mod-

ulating cortical excitability and promoting

neural plasticity.30 After a stroke, the dis-

ruption of neural networks impairs commu-

nication between the brain and muscles
involved in swallowing.1 TES may facilitate

the reorganization of these networks by

enhancing synaptic efficacy and promoting

the formation of new neural pathways.

This, in turn, could lead to the recovery of

swallowing function.31 The discovery that

low-intensity TES yields significant bene-

fits, whilst high-intensity TES does not,

prompts inquiries on the most effective

dosage of electrical stimulation. Lower
intensities of electrical stimulation may

Figure 5. Funnel plot of assessment of publication bias across six included studies on transcranial electrical
stimulation for post-stroke dysphagia.
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plausibly be adequate to elicit neuroplastic

changes without excessively burdening the

neural circuits, which may occur with larger

intensities.14,32

The results of the subgroup analysis

emphasized the importance of tailoring the

TES intervention based on specific patient

variables, such as the severity of dysphagia

and the time interval between stroke onset

and the initiation of TES treatment. In the

present subgroup analysis, patients with less

severe dysphagia and those who received

earlier intervention post-stroke were

observed to exhibit greater improvements

in swallowing function when treated with

low-intensity TES (1 mA), as indicated by

a statistically significant standardized mean

difference of 0.46 (95% CI 0.09, 0.82,

P< 0.01). Conversely, high-intensity TES

(2 mA) did not show a statistically signifi-

cant improvement (SMD 0.37 [95% CI

–0.17, 0.91], P> 0.05), suggesting that

higher intensities may be less effective or

may induce maladaptive plasticity. These

findings underscore the need to customize

TES intensity based on individual patient

characteristics, such as dysphagia severity

and timing of intervention, to optimize

therapeutic outcomes. The differential

effects observed between low- and high-

intensity TES also support a closer exami-

nation of the dose-response relationship in

TES therapy.33 It is conceivable that higher

intensities may induce a ceiling effect, where

beyond a certain threshold, additional stim-

ulation does not translate to greater thera-

peutic benefit.34 Alternatively, higher

intensities may lead to maladaptive plastic-

ity or could be less well-tolerated, resulting

in reduced efficacy.35 The absence of publi-

cation bias, as indicated by symmetrical

funnel plots and non-significant Egger’s

test results, strengthens the validity of the

present findings,36 and suggests that the

meta-analysis results are likely to be a true

reflection of the effects of TES on

post-stroke dysphagia and not an artifact
of selective reporting or other biases.

The consistent improvement in dyspha-
gia with TES observed in this meta-analysis
aligns with current understandings of
stroke recovery, where non-invasive brain
stimulation techniques have been shown to
aid in the rehabilitation of motor func-
tions.37 Considering the severe effects of
dysphagia and its influence on both quality
of life and health outcomes, the implemen-
tation of TES might be a valuable enhance-
ment to post-stroke rehabilitative therapy.
Nevertheless, it is crucial to take into
account the customization of treatment regi-
mens, as the timing of intervention, severity
of stroke, and unique neurophysiological
responses of each patient can impact the effi-
cacy of TES. Additional research is required
to investigate the prolonged consequences of
TES and to determine the most effective
parameters for its implementation in clinical
settings. This involves examining the length
of time that TES effects last after therapy
and comprehending the mechanisms by
which TES brings about advantageous
alterations in swallowing function.38

Furthermore, forthcoming clinical trials
should strive to incorporate more extensive
sample sizes and extended follow-up periods
in order to more accurately evaluate the
durability of the enhancements in dysphagia.

The results of the present study may be
limited by several factors. First, the inclu-
sion of only six RCTs limits the generaliz-
ability of the findings, as a broader
selection of studies might provide a more
comprehensive analysis. The sample sizes
of these studies vary, which might impact
the statistical power to detect differences.
There is also notable diversity in TES pro-
tocols, including stimulation parameters
and treatment durations, contributing to
variability in outcomes. Furthermore, inter-
vention timing across studies varied, with
only one study focusing on chronic dyspha-
gia, two on acute, and three on subacute,

Zhao et al. 11



affecting the interpretation of TES effec-
tiveness. Although a subgroup analysis to

assess TES efficacy at different stages of
dysphagia was considered, the small
number of studies in each subgroup limits

the statistical power and reliability of these
analyses. Moreover, the majority of studies
featured short follow-up periods, constrain-

ing the ability to assess the long-term effi-
cacy of TES. Finally, the lack of detailed
patient-specific information, such as stroke

severity and the timing since stroke onset,
restricts the ability to generalize the findings

across the stroke population.
Addressing the limitations identified in

the present meta-analysis sets a clear direc-
tion for future research on TES in post-
stroke dysphagia. Future studies should

aim to include larger and more diverse pop-
ulations to enhance the generalizability of
findings. Expanding the number of included

RCTs and encompassing a wider range of
stroke phases, particularly increasing the

focus on chronic dysphagia, will allow for
a more comprehensive assessment of TES
effectiveness. It is also critical to standard-

ize TES protocols regarding stimulation
parameters and treatment durations to
reduce outcome variability. Longitudinal

studies with extended follow-up periods
are necessary to evaluate the long-term
efficacy and sustainability of TES benefits.

Additionally, detailed collection of patient-
specific data, such as stroke severity, exact

time since stroke onset, and individual
patient characteristics will enable more
precise subgroup analyses. Such detailed

studies will help refine treatment protocols
and identify which patient subgroups
are most likely to benefit from TES,

ultimately guiding clinical decisions and
integrating TES into standardized care pro-
tocols for stroke rehabilitation more

effectively.

Conclusions

In conclusion, the present systematic review

and meta-analysis indicated that TES may

be an effective intervention for improving

swallowing function in post-stroke patients.

Low-intensity TES may be of particular ben-

efit, as evidenced by the observed improve-

ments in dysphagia symptoms across the

included studies. The consistent treatment

effects, despite variability in TES protocols

and patient characteristics, suggest that TES

could be adapted to diverse clinical settings,

enhancing its applicability. Future research

should focus on standardizing protocols,

extending follow-up periods, and conducting

detailed subgroup analyses to refine TES

guidelines and more effectively integrate

TES into stroke rehabilitation.
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