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A B S T R A C T

Introduction: Transcranial Direct Current Stimulation (tDCS) has shown promising language improvements in 
patients with primary progressive aphasia (PPA). Yet, individual studies have not been sufficient to yield strong 
conclusions on its efficacy.
Methods: We performed a systematic review and meta-analysis of randomised controlled trials (RCTs) comparing 
tDCS against sham stimulation in patients with PPA. We searched PubMed, Embase, and Cochrane Central da
tabases for eligible studies up to July 2024. Outcomes of interest included a performance in a range of language 
and cognitive tests. Summary data was extracted from published reports and pooled with a random-effects model 
using standardized mean differences (SMD) and 95 % confidence intervals (CI). The protocol was registered in 
PROSPERO, CRD42024499012.
Results: We included 10 parallel and cross-over RCTs with 178 patients and 218 observations. tDCS yielded 
significant improvements for general naming (SMD 0.37; 95 % CI 0.07–0.67; p < 0.01) and spelling ability (SMD 
0.65; 95 % CI 0.10–1.20; p = 0.02) There were no differences between groups regarding naming performance for 
trained (p = 0.76) and untrained items (p = 0.11), global language (p = 0.28), working memory (p = 0.15), 
semantic fluency (p = 0.38), and comprehension (p = 0.32).

Abbreviations: PPA, Primary Progressive Aphasia; RCT, Randomised Controlled Trial; TDCS, transcranial Direct Current Stimulation; SMD, Standardized Mean 
Difference; CI, Confidence Intervals; NfvPPA, Non-Fluent Variant PPA; SvPPA, Semantic Variant PPA; LvPPA, Logopenic Variant PPA; FTDs, Frontotemporal De
mentias; SLT, Speech and Language Therapy; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RTMS, Transcranial Magnetic Stim
ulation; REML, Restricted Maximum Likelihood; Rob-2, Cochrane Risk of Bias Assessment Tool.
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Conclusion: In this systematic review and meta-analysis, tDCA showed benefits for performance in general 
naming ability and spelling in PPA patients. However, there was no significant evidence to supporting any effect 
of tDCS on other language functions.

1. Introduction

Primary progressive aphasia (PPA), a debilitating neurodegenerative 
condition, affects 3–7 inhabitants per 100,000. (Roytman et al., 2022) It 
is characterised by a gradual impairment in language capabilities 
appearing either in isolation, or in tandem with a decline in other 
cognitive functions. (Piguet, 2022; Kiymaz et al., 2024)

PPA can be divided into three distinct variants based on core 
symptoms: non-fluent variant PPA (nfvPPA) characterised by agram
matism (misuse of grammatical elements) (Babiak and Gorno-Tempini, 
2014) and deficits in speech production; (2) semantic variant PPA 
(svPPA) characterised by anomia (word finding and naming difficulties) 
(Grossman, 2014), single-word comprehension difficulties, and a pro
gressive loss of semantic organisational structure, (Piguet, 2022) and (3) 
logopenic variant PPA (lvPPA) characterised by impairments in single 
word retrieval, sentence repetition, and full sentence comprehension. 
(Kiymaz et al., 2024) The nfvPPA and svPPA variants of PPA are 
commonly labelled as Frontotemporal Dementias (FTDs), as they pre
sent with more pronounced atrophy in the frontal and temporal lobes 
respectively. In contrast, lvPPA is classified as an aphasic variant of 
Alzheimer’s disease due to pathological similarity of the conditions. 
(Spinelli et al., 2017)

Currently, there is little evidence supporting one specific treatment 
for PPA. (Roheger et al., 2024) Research on pharmacological in
terventions is limited and has yielded mixed results. (Marshall et al., 
2018) In contrast to specific interventions targeting the purported 
mechanisms of PPA, speech and language therapy (SLT) has yielded 
promising results and is generally the standard recommendation for PPA 
patients (Volkmer et al., 2020; Manouilidou and Nerantzini, 2020; 
Tippett et al., 2015) despite most research yielding only Level IIa and IIb 
evidence. (Wauters, 2023)

The relative failures of pharmacological and behavioural in
terventions to address PPA in a significant subset of patients are not 
unique: the treatment of many neurological and neuropsychiatric con
ditions such as epilepsy (Thijs et al., 2019), chronic pain (Hylands-White 
et al., 2017) and stroke (Shehjar et al., 2023) face similar issues. A po
tential way to address this therapeutic shortfall is to investigate the 
application of scalp electrical stimulation (transcranial Direct Current 
Stimulation; tDCS) to patients with PPA. In this treatment, an electrical 
current flows through two scalp electrodes, causing modulation of the 
resting potential of neurons and changing the action potential genera
tion. While the current mechanistic principles underlying this technique 
are unclear, tDCS has been shown to aid treatment of neurological and 
psychiatric conditions such as depression, stroke impairments and 
neurodegeneration. (Sanches et al., 2020)

Recent studies using tDCS have demonstrated improvements in 
stroke-induced aphasia patients, (Ding et al., 2022) suggesting possible 
benefits to PPA patients. But despite recent systematic reviews indi
cating it might be an effective treatment for PPA (Roheger et al., 2024; 
Coemans et al., 2021; Perez-Martinez et al., 2023), randomized studies 
in this field have been scarce. (Roheger et al., 2024) 3 previous 
meta-analyses have demonstrated the effectiveness of tDCS for PPA 
patients—all published in 2020. (Cotelli et al., 2020; Byeon, 2020; 
Nissim et al., 2020) However, effect sizes varied between these analyses, 
and they included both observational and randomised studies under the 
same outcomes, increasing the risk of confounding. Additionally, the 
studies focused only on naming ability, (Cotelli et al., 2020; Byeon, 
2020) or grouped distinct language modalities into the same statistical 
model, (Nissim et al., 2020) despite the established dissociation among 
different language functions. (Lorca-Puls et al., 2024; Hillis and 

Caramazza, 1991) Therefore, the additional sham-controlled rando
mised studies published in recent years prompt an updated, more 
stratified analysis to help clarify the possible clinical applications of 
tDCS on several language-relevant domains. In this updated systematic 
review and meta-analysis, we aim to test the effectiveness of tDCS in 
improving language and cognitive outcomes in patients with PPA using 
data restricted to RCTs.

2. Methodology

2.1. Study design and reporting guidelines

This systematic review and meta-analysis was performed and re
ported in accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) and Cochrane Collaboration 
Handbook for Systematic Review of Interventions guidelines. (Higgins 
et al., 2023) The review’s protocol was registered prospectively in 
PROSPERO (ID: CRD42024499012).

2.2. Search strategy and study selection

PubMed, Embase and Cochrane Central databases were systemati
cally searched from January 1989 up to July 2024 with the strategy 
outlined in Appendix A. We also searched for additional eligible studies 
through a review of references cited in the included studies and previous 
meta-analyses.

Two authors (D.G. and M.R.) independently screened studies using 
Rayyan. (Ouzzani et al., 2016) Studies were included if they treated 
human patients with PPA; compared sham versus active tDCS treat
ments; patients were randomized to their respective treatment condi
tions; and reported language or cognitive outcomes. Studies were 
excluded if they were only published as a conference abstract; the arti
cles were not published in the English language; had N < 5; or if the 
required data for PPA patients was not reported by study authors.

This study initially aimed to analyse the effectiveness of both 
repeated Transcranial Magnetic Stimulation (rTMS) and tDCS on PPA 
patients, however, not enough studies were found to conduct mean
ingful analyses with rTMS. Therefore, study triage criteria was updated 
to only include studies administering tDCS.

2.3. Endpoints and subgroup analyses

The primary outcomes of interest were the scores in tests for general 
naming ability, and naming for trained and untrained items. Secondary 
outcomes included global language; working memory; spelling; 
comprehension and semantic fluency. We categorised tests as “Global 
Language” if they summarised patient performance across multiple 
language domains under the same diagnostic scale (e.g. Boston Diag
nostic Aphasia Examination, Western Aphasia Battery). (Spreen and 
Risser, 1998) Working Memory includes tests that measure patients’ 
ability to hold information in their short-term store (e.g. Digit Span 
Task) (Baddeley, 1992), while semantic fluency included tests asked 
patients to belonging to a common category in a given amount of time. 
(Borrego-Écija et al., 2023; Wang et al., 2023) Finally, comprehension 
was defined as any test that measured the patient’s ability to receive and 
process verbal information. (Borrego-Écija et al., 2023; Cotelli et al., 
2014) A full description of assessment tools for each outcome can be 
found on Supplementary Table 1.

Performance in naming tests for trained and untrained conditions 
were analysed independently as separate outcomes, as provided by the 
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included studies. Naming for untrained items involved prompting 
stimuli (e.g. categories, first letters) that were unfamiliar to the patients, 
while prompts for trained items had been previously practised during 
SLT. When a study utilised the same scale for both outcomes, a weighted 
mean was calculated to generate another outcome (general naming) 
representing overall naming ability of patients. When a study made no 
distinction between trained and untrained conditions, the available data 
was included under the “untrained” and “general” naming analyses.

For crossover studies, an a priori strategy was used to analyse group 
means and standard deviations, assuming no correlation between groups 
(as parallel study designs) in accordance with suggestions by the 
Cochrane Collaboration. (Higgins et al., 2023) Outcome data was indi
vidually extracted and analysed by two authors (D.G. and E.P.), while 
data for baseline characteristics was extracted by two others (M.R. and 
L.A.). Disagreements over data collection and processing were resolved 
by a third author (A.G).

Participant-level data was not requested to study authors. Where 
data was only available in a graphical format, it was extracted using 
WebPlotDigitizer version 3.4 (beta), (Rohatgi) a widely-used and reli
able data extraction tool. (Drevon et al., 2017; Aydin and Yassikaya, 
2021) For outcomes which reported standard error as a measure of 
distribution, the statistic was converted to a standard deviation using the 
formula recommended by the Cochrane Collaboration. (Higgins et al., 
2023)

2.4. Quality assessment

All included studies were individually analysed by two independent 
investigators (M.B. and K.A.). We used Cochrane Risk of Bias Assessment 
Tool (RoB-2) for parallel RCTs and the RoB-2 for Crossover Trials due to 
the high volume of crossover trials included in this meta-analysis. 
(Sterne et al., 2019) In instances where disagreements over the risk of 
bias assessment arose, they were solved by consensus. A funnel-plot 
analysis of point estimates according to study weights and an Egger’s 
regression test were conducted to assess for small-study effects (publi
cation bias) for naming outcomes.

2.5. Statistical analyses

Standard Mean Differences (SMDs) with 95 % Confidence Intervals 
(CI) were used as a measure of effect size for each outcome. A random 
effects model was chosen for all analyses, given the high variability in 
methodology and sample characteristics of the included studies. 
Outcome data was reported as either mean final values or mean change 
scores from baseline. Both were used in this meta-analyses, but when a 
study reported both, mean change scores from baseline were selected. 
(Higgins et al., 2023)

R studio (version 4.3.3) and was used for all statistical analyses. (R 
Core Team, 2024) The following packages were used: readxl; (Wickham 
and Bryan, 2023) meta; (Balduzzi et al., 2019) metafor; (Viechtbauer, 
2010) and dmetar. (Harrer et al., 2019) Heterogeneity across outcomes 
was assessed using τ2 and I2 statistics, employing the Restricted 
Maximum Likelihood (REML) method. In cases of high heterogeneity in 
the model (defined by I2>50 %) sources were sought using the 
leave-one-out strategy (Vehtari et al., 2017), as well as Baujat plots 
(Baujat et al., 2002).

Data belonging to the longest follow-up duration of each study was 
selected for all statistical models, in accordance with the Cochrane 
Collaboration recommendations when including studies measuring 
participants longitudinally. (Higgins et al., 2023) A generalised linear 
mixed-effects model meta-regression was used to understand the rela
tionship between maximum follow-up durations and the results for 
naming outcomes across different studies. This was done to quantify the 
effect of the follow-up times on the improvements in general, untrained 
and trained naming ability.

3. Results

3.1. Study selection and characteristics

The search strategy yielded a total of 4843 records to be screened 
(Fig. 1). After duplicate removal and full-text screening, 11 RCTs fit the 
eligibility criteria. Among studies excluded for lack of available data, 
there were present clinical trial protocols with unreleased results and 
studies including patients with PPA in their sample but not providing 
specific outcome information for this subgroup. Other reasons for ex
clusions included overlapping populations with included studies, too 
few patients in the sample, among others. One study was excluded for 
administering a single-session tDCS treatment, which would too 
different from other studies’ multi-session treatment.

Two of the included studies (Wang et al., 2023; de Aguiar et al., 
2020) reported results from different outcomes of the same clinical trial. 
(Hopkins, 2023) These were be labelled as “Johns Hopkins 2023” for 
subsequent reporting and analyses. Two other studies (Sheppard, 2023; 
Coslett, 2021) were only published as clinical trial registers, but had 
published results. These were extracted and included in our analysis. In 
total, the included studies reported on data from 178 patients and used 
218 patient observations. Of these, 107 (51.7 %) received tDCS and 111 
(48.3 %) received sham stimulation. Follow up durations ranged from 
0 to 6 months across studies. Mean age of patients varied from 60 to 70 
years old and stimulation intensity from 1 to 2 mA. Participants were 
administered between 10 and 15 tDCS or sham sessions throughout 
different studies. The left inferior frontal gyrus was the targeted stimu
lation area in three studies, (Wang et al., 2023; de Aguiar et al., 2020; 
Sheppard, 2023; Harris et al., 2019) while the remaining studies tar
geted different regions, including the left prefrontal and occipital lobes 
(Coslett, 2021), the dorsolateral prefrontal cortex, (Cotelli et al., 2014) 
the left supramarginal gyrus, (Neophytou et al., 2024) the left inferior 
parieto-temporal region, (Roncero et al., 2017) the frontal lobe, 
(Roncero et al., 2019) and the. Six of the included RCTs had a crossover 
design. (Borrego-Écija et al., 2023; Wang et al., 2023; de Aguiar et al., 

Fig. 1. PRISMA Flow diagram of study screening and selection.
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2020; Sheppard, 2023; Coslett, 2021; Roncero et al., 2017; Roncero 
et al., 2019) Seven of the selected studies administered variations of SLT 
to patients in both the active and sham conditions. (Borrego-Écija et al., 
2023; Wang et al., 2023; Cotelli et al., 2014; de Aguiar et al., 2020; 
Sheppard, 2023; Harris et al., 2019; Neophytou et al., 2024; Roncero 
et al., 2017; Roncero et al., 2019) Further study characteristics are re
ported in Table 1.

3.2. Effects on language

In pooled analyses of 7 and 5 RCTs respectively, no difference was 
found between active-tDCS and sham for naming performance for un
trained (SMD 0.61; 95 % CI − 0.13–1.35; p = 0.11; I2 = 83 %; Fig. 2A), 
and trained stimuli (SMD − 0.20; 95 % CI − 1.53–1.12; p = 0.76; I2 =

77 %; Fig. 2B).
In a combined analysis of the trained and untrained conditions of the 

seven available studies, tDCS had a significantly positive effect on 
general naming (SMD 0.37; 95 % CI 0.07–0.67; p < 0.01; I2 = 76 %; 
Fig. 3), as well as spelling abilities (SMD 0.65; 95 % CI 0.10–1.20; 
p = 0.02; I2 = 32 %; Supplementary Figure 1 A) in PPA patients. There 
were no significant differences between groups regarding performance 
in global language (SMD 8.71; 95 % CI − 7.24–24.66; p = 0.28; I2 =

91 %; Supplementary Figure 1B), working memory (SMD 0.41; 95 % CI 
− 0.15–0.98; p = 0.15; I2 = 10 %; Supplementary Figure 1 C), semantic 
fluency (SMD 0.25; 95 % CI − 0.30–0.79; p = 0.38; I2 = 3 %; Supple
mentary Figure 1D), or comprehension tests (SMD 0.51; 95 % CI 
− 0.49–1.51; p = 0.32; I2 = 57 %; Supplementary Figure 1E).

Meta-regression analyses according to follow-up durations of each 
study yielded no statistically significant findings for untrained stimuli (β 
= 2.7935; p = 0.40; I2 = 32.21 %; Supplementary Figure 2 A), trained 
stimuli (β = − 0.1937; p = 0.794; I2 = 17.90 %; Supplementary 
Figure 2B), or general naming ability (β = 0.1650; p = 0.182; I2 =

23.39 %; Supplementary Figure 2 C), suggesting a consistent effect of 
tDCS across time.

3.3. Sensitivity analyses

Sensitivity analyses were used to investigate sources of heterogeneity 
in models with I2 > 50 %. Sheppard et al., 2023 (Sheppard, 2023) was 
identified as the main source in outcomes with high heterogeneity, as 
when omitting it from the analyses, the I2 value decreases to 68 % for 
naming for untrained stimuli (Supplementary Figure 4), 0 % for trained 
stimuli (Supplementary Figure 6), 2 % for general naming 
(Supplementary Figure 8), and 60 % for global language 
(Supplementary Figure 10). After careful review of Sheppard et al., 
2023’s methodology, there was unfortunately little indication as to why 
such heterogeneous results were found. Analyses with Baujat plots 
indicate that in most outcomes, studies contributing to high heteroge
neity did not greatly contribute to the overall result (Supplementary 
Figures 7, 9). However, Sheppard et al., 2023 and Roncero et al., 2019 
highly contributed to heterogeneity and final results in the trained and 
untrained naming outcomes (Supplementary Figure 3, 5). However, 
removing these studies did not lead to significant changes in results in 
either analysis (Supplementary Figures 4, 6).

3.4. Quality assessment

Individual study appraisal can be found on Supplementary Table 2. 
Two studies had a different number of participants assigned to each 
condition, suggesting bias in the randomisation process. Two studies 
(Sheppard, 2023; Coslett, 2021) were rated as “some concerns” in de
viations from the intended intervention due to high participant with
drawal in the sample. Another study (Wang et al., 2023; de Aguiar et al., 
2020) was rated as “some concerns” regarding data availability as the 
“missing at random” assumption was applied for missing patient data, 
which might introduce bias in the statistical analysis.

Funnel plot analyses and Egger’s regression tests in the naming 
outcomes did not reveal significant asymmetrical distribution of studies 
across measures of dispersion (Supplementary Figure 11).

4. Discussion

In this systematic review and meta-analysis of 11 RCTs and 178 
patients, we tested the efficacy of tDCS on improving language outcomes 
for PPA patients. Our main findings include: Significant improvements 
in general naming and spelling performance, no significant differences 
in naming for trained and untrained items, global language, working 
memory, semantic fluency and comprehension, as well as consistent 
findings across different follow-up durations in naming outcomes.

Currently, treatment plans for PPA patients are generally reliant on 
SLT, which has still not shown high-certainty evidence for its efficacy. 
(Roheger et al., 2024; Wauters, 2023) The possible effectiveness of tDCS 
in randomised settings means that it could be an additional option for 
retaining and improving language capabilities in PPA patients, 
enhancing any potential benefits of SLT. Heterogeneric pathologies 
require a better, more targeted form of medicine: tDCS may potentially 
‘boost’ the efficacy of currently used front-line tools.

Our pooled analysis represents a comprehensive synthesis of data on 
the topic, supporting the effectiveness of tDCS for improving general 
naming, and spelling abilities, while displaying how more data may be 
needed to confirm an effect in other language modalities.

These results slightly differ from previous meta-analyses on the 
topic. Cotelli et al. (Cotelli et al., 2020) found that tDCS caused signif
icant improvement in written and oral naming abilities for both trained 
and untrained items in PPA patients. Meanwhile, Byeon (Byeon, 2020) 
and Nissim (Nissim et al., 2020) found that this treatment increases 
naming and global language abilities respectively. Our meta-analysis 
found less positive results. This was likely due to the more selective 
inclusion criteria restricted to RCTs, which minimises the risk of con
founding and provide stronger support for the clinical use of tDCS.

While our study did not find a significant effect of tDCS on many 
important outcomes such as naming for trained, untrained items and 
global language, it is possible that the low number of participants pooled 
in the analyses of these and all outcomes could have contributed to a 
type I error. This is especially relevant given that the decision to treat 
different treatment arms as parallel study designs during statistical 
analysis: A decision that introduced a unit-of-analysis error (where 
number of observations exceeds the number of patients), which leads to 
more conservative analyses. (Higgins et al., 2023) Future research 
should focus on testing these language modalities in randomised settings 
to increase the power of the analysis. Furthermore, important clinical 
specifications for optimal treatment with tDCS such as target stimulation 
region, time of stimulation, optimal frequency, effect in different PPA 
variants and interactions with different SLTs could not be tested with the 
current available data. Future studies should focus on minimising vari
ation between methodological approaches which may decrease hetero
geneity and uncertainty in future updated analyses.

This study is not without limitations. Six of the included studies were 
crossover trials, which adds complexity to a meta-analysis because the 
effects of the intervention can carry-over from the first to the second arm 
of the study. (Higgins et al., 2023) Although all included crossover trials 
included a washout period to mitigate this, the risk of carry-over effects 
and the unit-of-analysis error could not be excluded. The progression of 
the condition may have caused the patients to deteriorate over time and 
the results of the second period to be different than those of the first 
period. (Higgins et al., 2023)

Heterogeneity was high for most outcomes. This finding was ex
pected given the highly variable clinical and technical factors involved 
in studies performed in real-life conditions. Sensitivity analyses were 
performed to minimise and interpret such heterogeneities, yet we 
cannot exclude the possibility that such sub-analyses may be under
powered to detect significant differences. The high heterogeneity found 
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Table 1 
Baseline characteristics of included studies.

Study Study 
Design

Variants Number 
of 
patients 
Active / 
Sham

Female, 
%, 
Active / 
Sham

Age, y Intensity Sessions Stimulation Area Anode Position Cathode 
Position

Electrode 
Size

Auxiliary 
Therapy

Follow- 
up, 
months

Borrego-Écija 
2023 (
Borrego-Écija 
et al., 2023)

Crossover 
RCT

4 svPPA; 
5 lvPPA; 
6 
nfvPPA.

13 / 13 66.6 63 ± 8.7 2 mA 10 sessions 
each condition 
(tDCS and 
sham)

Global Language 
Region

C1, F7, FC1, FC5, 
Fpz, P7, and PO8

N/A 1 cm radius Speech Therapy 0

Coslett 2021 (
Coslett, 2021)

Crossover 
RCT

13 PPA 13 / 13 38.5 66.3 
± 7.7 / 
66.3 
± 6.2

1.5 mA 10 sessions 
each condition 
(tDCS and 
sham)

Left Prefrontal 
and Left Occipital 
Lobes

Forehead Left and 
Right 
Temporal 
Regions

Anode: 
5 cm× 5 cm 
Cathode: 
5 cm× 7 cm

N/A 0

Cotelli 2014 (
Cotelli et al., 
2014)

Parallel 
RCT

16 
nfvPPA

8 / 8 63 / 63 63.4 
± 6.8 / 
70.4 
± 6.8

2 mA 10 sessions of 
either sham or 
tDCS

Left Dorsolateral 
Prefrontal Cortex

Left Dorsolateral 
Prefrontal Cortex 
6 cm laterally and 
8 cm frontally from 
vertex.

Right Arm Anode: 
5 cm× 5 cm 
Cathode: 
6 cm x 10 cm

Speech Therapy 3

Harris 2019 (Harris 
et al., 2019)

Parallel 
RCT

8 nfvPPA 
4 lvPPA 
5 svPPA

7 / 10 41.2 66.6 
± 6.7

2 mA 10–15 sessions 
of either sham 
or tDCS

Left Inferior 
Frontal Gyrus

F7 Right Cheek 2 in x 2 in Written Naming 
Task

2

Neophytou 2024 (
Neophytou et al., 
2024)

Parallel 
RCT

3 nfvPPA 
4 lvPPA

4 / 3 75 / 33.3 69.25 
± 7.41 / 
64.33 
± 2.08

2 mA 10 Sessions of 
either sham or 
tDCS (home- 
delivered)

Left 
Supramarginal 
Gyrus

CP3 Right Cheek Not Specified Verbal Short 
Term Memory / 
Working 
Memory 
Treatment

0

Roncero 2017 (
Roncero et al., 
2017)

Crossover 
RCT

6 
nfvPPA; 
2 lvPPA; 
2 svPPA.

10 / 10 30 67.4 2 mA 10 sessions 
each condition 
(tDCS and 
sham)

Left Inferior 
Parieto-Temporal 
region

P3 Right Fronto 
Orbital Area

5 cm× 7 cm Language 
Training

0.5

Roncero 2019 (
Roncero et al., 
2019)

Crossover 
RCT

4 
nfvPPA; 
4 lvPPA; 
4 svPPA.

12 / 12 33.3 65.4 2 mA 10 sessions 
each condition 
(tDCS and 
sham)

Frontal Lobe F3 Right 
Deltoid 
Muscle

5 cm× 7 cm Language 
Training

2

Sheppard 2023 (
Sheppard, 2023)

Crossover 
RCT

8 PPA 7 / 7 50 68.0 
± 5.9

1–2 mA 15 sessions 
each condition 
(tDCS and 
sham)

Left Inferior 
Frontal Gyrus

F5 Right 
Deltoid 
Muscle

5 cm× 5 cm Verb Naming 
Therapy

2

Johns Hopkins 
2023 (Wang 
et al., 2023; de 
Aguiar et al., 
2020)

Crossover 
RCT

17 
IvPPA; 
15 
nfvPPA; 
8 svPPA.

15 / 18 
For 
spelling 
12 / 18 
For other 
outcomes

45 66.1 
± 7.7 / 
69.4 
± 5.1

2 mA 12 sessions 
each condition 
(tDCS and 
sham)

Left Inferior 
Frontal Gyrus

F7 Right Cheek 5 cm× 5 cm Written 
naming/ 
spelling therapy 
or spelling 
therapy only

2
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in most analyses could have been caused by the varied assessment tools 
employed across studies. Under global language outcomes for example, 
some studies used questionnaire-based measures, (Roth, 2011) while 
others administered comprehensive testing batteries. (Miller et al., 
2000; Kertesz, 2022) Each test also accounted for different subfunctions 
of language, sometimes weighted differently to generate the final tests 
score, introducing even more variability to our analysis. Higher con
sistency in measurement scales could lead to more accurate comparison 
between study findings, greater construct validity of meta-analytic 
outcomes, well as the ability to use unstandardised measures to pool 
results. Therefore, generating a quantifiable measure of benefit that can 
be directly applied to clinical practice. Future clinical trials could aim to 

use more standardised and valid measures of linguistic ability. These 
factors driving high heterogeneity and the concerns identified in the 
risk-of-bias analysis lend careful interpretation of our study results to 
prevent false interpretation of findings.

5. Conclusion

This systematic review and meta-analysis tested the efficacy of active 
tDCS vs. sham in 178 patients with PPA using data restricted to RCTs. 
There was a significant improvement in general naming ability and 
spelling, while naming of trained and untrained items, global language, 
working memory, and comprehension, significantly affected by the 

Fig. 2. tDCS did not significantly improve naming for (A) untrained items or (B) trained items compared to sham.

Fig. 3. tDCS significantly improved general naming ability.
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intervention.
Compared to previous studies, the larger population and more se

lective criteria of our meta-analysis provides stronger evidence on the 
potentially beneficial use of tDCS in patients with PPA. While im
provements in general naming and spelling abilities are more estab
lished, there is still some uncertainty regarding the optimal tDCS 
specifications for clinical practice, and whether other language modal
ities are improved by the use of tDCS.
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2024. Non-pharmacological interventions for improving language and 
communication in people with primary progressive aphasia. Cochrane Database 
Syst. Rev. https://doi.org/10.1002/14651858.CD015067.pub2.

Roncero, C., Kniefel, H., Service, E., Thiel, A., Probst, S., Chertkow, H., 2017. Inferior 
parietal transcranial direct current stimulation with training improves cognition in 
anomic Alzheimer’s disease and frontotemporal dementia. Alzheimers Dement. 
Transl. Res. Clin. Inter. 3, 247–253.

Roncero, C., Service, E., De Caro, M., Popov, A., Thiel, A., Probst, S., Chertkow, H., 2019. 
Maximizing the Treatment Benefit of tDCS in Neurodegenerative Anomia. Front. 
Neurosci. 13, 1231.

Roth, C., 2011. American Speech-Language-Hearing Association Functional Assessment 
of Communication Skills for Adults. In: Kreutzer, J.S., DeLuca, J., Caplan, B. (Eds.), 
in Encyclopedia of Clinical Neuropsychology. Springer, New York, NY, pp. 139–141. 
https://doi.org/10.1007/978-0-387-79948-3_854.

Roytman, M., Chiang, G.C., Gordon, M.L., Franceschi, A.M., 2022. Multimodality 
Imaging in Primary Progressive Aphasia. Am. J. Neuroradiol. 43, 1230–1243.

D.C. Godoi et al.                                                                                                                                                                                                                                Neuroscience and Biobehavioral Reviews 176 (2025) 106264 

7 

https://doi.org/10.1016/j.neubiorev.2025.106264
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref1
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref1
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref1
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref1
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref2
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref2
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref2
https://doi.org/10.1016/B978-0-12-385157-4.00465-6
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref4
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref5
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref5
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref6
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref6
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref6
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref7
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref7
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref7
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref7
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref7
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref8
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref8
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref8
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref9
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref9
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref9
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref9
http://Https://Consensus.App/?Home=true
http://Https://Consensus.App/?Home=true
https://clinicaltrials.gov/study/NCT02928848
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref11
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref11
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref11
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref11
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref12
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref12
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref12
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref12
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref13
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref13
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref13
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref13
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref14
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref14
https://doi.org/10.1016/B978-0-12-385157-4.00468-1
http://dmetar.protectlab.org/
http://dmetar.protectlab.org/
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref17
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref17
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref17
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref18
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref18
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref18
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref19
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref19
https://clinicaltrials.gov/show/NCT02606422
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref21
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref21
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref22
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref22
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref23
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref23
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref24
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref24
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref24
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref24
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref24
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref24
https://doi.org/10.1007/978-3-030-35687-3_3
https://doi.org/10.1007/978-3-030-35687-3_3
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref26
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref26
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref26
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref26
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref27
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref27
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref28
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref28
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref28
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref29
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref29
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref29
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref30
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref30
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref30
https://chat.openai.com/chat
https://chat.openai.com/chat
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref31
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref31
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref32
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref32
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref32
https://doi.org/10.1016/B978-0-12-819641-0.00004-9
https://doi.org/10.1016/B978-0-12-819641-0.00004-9
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1002/14651858.CD015067.pub2
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref35
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref35
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref35
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref35
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref36
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref36
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref36
https://doi.org/10.1007/978-0-387-79948-3_854
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref38
http://refhub.elsevier.com/S0149-7634(25)00265-9/sbref38


Sanches, C., Stengel, C., Godard, J., Mertz, J., Teichmann, M., Migliaccio, R., Valero- 
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