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ABSTRACT
CONTEXT AND OBJECTIVE: Previous animal and human studies have shown that transcranial direct cur-
rent stimulation can induce significant and lasting neuroplasticity and may improve language recovery in 
patients with aphasia. The objective of the study was to describe a cohort of patients with aphasia after 
stroke who were treated with transcranial direct current stimulation. 
DESIGN AND SETTING: Prospective cohort study developed in a public university hospital. 
METHODS: Nineteen patients with chronic aphasia received 10 transcranial direct current stimulation 
sessions lasting 20 minutes each on consecutive days, using a current of 2 mA. The anode was positioned 
over the supraorbital area and the cathode over the contralateral motor cortex. The following variables 
were analyzed before and after the 10 neuromodulation sessions: oral language comprehension, copying, 
dictation, reading, writing, naming and verbal fluency. 
RESULTS: There were no adverse effects in the study. We found statistically significant differences from 
before to after stimulation in relation to simple sentence comprehension (P = 0.034), naming (P = 0.041) 
and verbal fluency for names of animals (P = 0.038). Improved scores for performing these three tasks were 
seen after stimulation. 
CONCLUSIONS: We observed that excitability of the primary motor cortex through transcranial direct cur-
rent stimulation was associated with effects on different aspects of language. This can contribute towards 
future testing in randomized controlled trials. 

RESUMO
CONTEXTO E OBJETIVO: Estudos prévios em animais e humanos mostram que a estimulação transcra-
niana por corrente contínua pode induzir neuroplasticidade significante e duradoura e pode melhorar a 
recuperação de linguagem na afasia. O objetivo do estudo foi descrever uma coorte de pacientes com afa-
sia após acidente vascular cerebral que foi tratada com estimulação transcraniana por corrente contínua.  
TIPO DO ESTUDO E LOCAL: Estudo de coorte único prospectivo realizado em um hospital público 
universitário. 
MÉTODO: Dezenove pacientes com afasia crônica receberam 10 sessões de estimulação transcraniana 
por corrente contínua com duração de 20 minutos de cada, corrente de 2 mA em dias consecutivos (ano-
do posicionado em área supraorbital e catodo no cortes motor contraleral). Foram analisadas as seguintes 
variáveis antes e depois de 10 sessões de neuromodulação: compreensão de linguagem oral, cópia, dita-
do, leitura, escrita, nomeação e fluência verbal. 
RESULTADOS: Não houve efeitos adversos no estudo. Encontramos diferença estatisticamente signi-
ficante pré e pós-estimulação para compreensão de frases simples (P = 0.034), nomeação (P = 0.041) 
e fluência verbal para nomes de animais (P = 0.038). Houve melhora no desempenho em três tarefas  
após estimulação. 
CONCLUSÃO: Observamos que a excitabilidade no córtex motor primário através de estimulação trans-
craniana por corrente contínua está associada a efeitos em diferentes aspectos da linguagem, além de 
contribuir para futuras testagens em estudos randomizados.
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INTRODUCTION
Recent evidence has suggested that techniques for noninvasive 
brain stimulation such as transcranial magnetic stimulation and 
transcranial direct current stimulation might be beneficial tools for 
improving language skills among patients with aphasia.1,2 Although 
the initial studies were mainly conducted using transcranial mag-
netic stimulation, new data have shown that transcranial direct cur-
rent stimulation is a technique that induces significant effects on 
neuronal spontaneous activity. Because transcranial direct current 
stimulation has the ability to modulate learning and cognition sig-
nificantly, it appears to be a promising technique for speech rehabil-
itation such as in cases of post-stroke aphasia.3 In fact, animal and 
mechanistic human studies have confirmed the notion that tran-
scranial direct current stimulation induces significant and lasting 
local neuroplastic changes.4,5

In transcranial direct current stimulation, cortical tissues are 
polarized by a constant electric current field applied via two elec-
trodes placed on certain areas of the scalp.6,7 Two previous tran-
scranial direct current stimulation studies on cases of chronic 
aphasia have shown beneficial results. In these studies, transcranial 
direct current stimulation was applied to the left prefrontal cor-
tex, targeting Broca’s area. These studies showed that patients who 
received active transcranial direct current stimulation presented 
improvements in naming abilities, in comparison with sham tran-
scranial direct current stimulation.8,9 Other studies among healthy 
subjects have also shown that transcranial direct current stimula-
tion can have positive effects on language skills.10,11

The contribution of the primary motor cortex to language 
has been shown by neuroimaging studies,12 and previous stud-
ies showing that modulation of the unaffected motor cortex is 
an advantageous strategy for decreasing imbalanced interhemi-
spheric activity in stroke cases.13,14 Based on these data, our aim 
was to conduct a preliminary open-label study to assess the effects 
from modulating plasticity by means of excitability-diminishing 
cathodal transcranial direct current stimulation over the unaf-
fected primary motor cortex, in order to obtain preliminary effi-
cacy and safety data on its effects on language.

OBJECTIVE
The purpose of collecting this data was to describe a cohort of 
patients who were aphasic after stroke and recovered through 
transcranial direct current stimulation. The objective of the study 
was to explore the effects and feasibility of transcranial direct 
anodic current stimulation of the uninjured primary motor cor-
tex among patients with aphasia after stroke, with regard to lan-
guage rehabilitation.

METHODS
We studied 19 ischemic stroke patients (9 men and 10 women) 
with a mean age of 53.3 years, at least 6 months after their 

strokes. Table 1 provides additional demographic information. 
All patients had suffered left-hemisphere injury caused by the 
stroke. Stroke was defined as an ischemic focal neurological def-
icit that persisted for at least 24 hours. The diagnosis was made 
using aphasia classification of clinical features and confirmed by 
means of neuroimaging studies. The lesions were located in the 
frontal lobe, parietal lobe, temporal lobe and subcortical areas. 
We excluded patients with any clinically significant or unsta-
ble medical or psychiatric disorder, history of substance abuse, 
any neuropsychiatric comorbidity other than stroke and contra-
indications for transcranial direct current stimulation. Written 
informed consent was obtained from all participants prior to 
inclusion in the study, which was approved by the local ethics 
committee, under number 375/07. The aphasia classification was 
based on Hedge,15 Mac-Kay et al.16 and Ortiz,17 and comorbidities 
such as dysarthria or apraxia of speech were excluded.

Direct current was transferred through a saline-soaked pair of 
surface sponge electrodes (35 cm2) and was delivered by means of a 
specially developed direct current stimulator with a maximum 
output of 10 mA. To stimulate the primary motor cortex (M1), one 
electrode (cathode) was placed over C3/C4 (International 10/20 
Electroencephalogram System), which corresponded approxi-
mately to the location of the primary motor cortex of the unaf-
fected side, and the other electrode (anode) was placed on the con-
tralateral supraorbital area. Transcranial direct current stimulation 
was applied for 20 minutes at a current intensity of 2 mA, on 10 
consecutive days (with an interval during weekend days).

Language assessment was performed before and after each 
session using three language test batteries: the Montreal Toulouse 
battery (alpha version),18 the Boston naming test19 and the Verbal 
Fluency Test.20 

The Montreal Toulouse battery consists of the following 
tasks: guided interview; oral comprehension using words, sim-
ple phrases and complex phrases; written comprehension using 
words, simple phrases and complex phrases; copying of writ-
ten phrases; word and phrase dictation; reading; repetition; and 
naming. These specific tests were selected because they had pre-
viously been validated for Brazilian Portuguese and had been 
shown to provide reliable data in speech pathology investiga-
tions, as shown by Santos et al.21 and Mac-Kay.16 

The Verbal Fluency Test consists of asking the patients 
to name animals, using words with the phonemes /f/ and 
/s/ within one minute. This test is part of the evaluation 
of the Consortium to Establish a Registry for Alzheimer 
Disease (CERAD),22 which was adapted for use in Brazil by 
Bertolucci et al.20

The patients received the neuromodulation in a silent and 
well-lit room, and the responses to the tests were noted down 
on the Montreal Toulouse, Verbal Fluency and Boston Naming 
answer sheets. Furthermore, all the participants were instructed 
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not to undergo any speech therapy during the period of the tests 
so that there would not be any interference in the results.

Since this was a pilot study with only one stimulation group, 
we conducted an exploratory analysis in which we compared the 
scores before and after stimulation. Moreover, we did not correct 
by means of multiple comparisons because this was a small pilot 
study and the main aim was to explore the best outcomes for fur-
ther confirmatory trials. Since the data were not normally distrib-
uted in some of the outcomes, we used the Wilcoxon signed rank 
test for all testing. The data were reported as means and standard 
deviations. Statistical significance was taken to be a two-tailed 
P-value of < 0.05.

RESULTS
All the patients received active transcranial direct current stimu-
lation, with no adverse effects registered. The patients tolerated 
the treatment well. Only one patient who had been selected aban-
doned the study because of hospitalization due to pneumonia 
and clinical respiratory complications. This patient underwent 
only one stimulation session. No significant adverse effects from 
applying brain stimulation to these stroke patients were reported. 
Table 2 shows the mean performance before and after stimula-
tion for the assessments that we measured in our study, together 
with the statistical results.

Statistically significant differences from before to after the 
sessions were only found in relation to simple phrase compre-
hension (P = 0.034), naming (P = 0.041) and verbal fluency in 
the animal tasks (P = 0.038). An increase in the number of cor-
rect answers after stimulation was observed for the Montreal 
Toulouse battery (alpha version). The other outcomes did not 
yield any significant results (see Table 2 for additional details).

Table 1 shows the characteristics of the patients: schooling, 
gender, age, injured hemisphere, year of stroke and aphasia type. 

DISCUSSION
The results from this pilot study showed that transcranial direct 
current stimulation was well tolerated and that cathodal transcra-
nial direct current stimulation of the unaffected primary motor 
cortex was associated with significant improvements in the fol-
lowing language tasks: simple phrase comprehension, naming 
and verbal fluency in relation to names of animals.

One topic that needs to be discussed is our rationale for 
motor cortex stimulation. We chose to modulate motor cortex 
plasticity because there is an important link between motor cor-
tex activation and language processing that suggests that these 
two systems (language and motor) have common neural net-
works. For instance, a recent study showed that preactivation 
of the leg motor cortex with patients standing, in comparison 
with sitting, was associated with increased performance in a pic-
ture-naming task among patients with aphasia.23 Other studies 
have also confirmed that the motor cortex has a role in language 
recovery following aphasia.12,24

In this context, we hypothesized that motor cortex modula-
tion would be an interesting target for language recovery treat-
ment. We chose the unaffected motor cortex, based on previous 
experience showing that this is an effective target for enhanc-
ing motor recovery in stroke cases. In fact, previous studies have 
shown that transcranial direct current stimulation applied in the 
area homologous to the lesion in the unaffected hemisphere can 
be a good strategy for reverting increased transcallosal inhibition 
of the affected motor cortex in stroke cases.25 Other transcranial 
direct current stimulation studies have described improvements 
in function post-stroke, with induced modification of excessive 
interhemispheric inhibition.26,27

One significant limitation to the present study is that we used 
a large electrode (35 cm2) over the motor cortex, thereby causing 
adjacent areas, such as the premotor areas and posterior areas, 
including the somatosensory cortex, to be stimulated in addi-
tion to the main target area. Additionally, the effects can also be 
attributed to the contralateral anodal electrode over the supraor-
bital area. Because it is expected that activity in this area would 
be increased with this electrode, it is possible that modulation of 
the right orbitofrontal cortex was involved in the positive effects 
on language improvement. Further studies using larger reference 
electrodes or even using high-density transcranial direct cur-
rent stimulation over the unaffected hemisphere need to be con-
ducted in order to detangle the effects observed in the present 
study.28 Finally, because of the lack of control group, it is possible 
that the improvement observed in this study was due to a pla-
cebo effect. However, the improvement in some of the tests had a 
large effect size, and this is less likely to be explained by a placebo 

Patient Gender Age (years) Aphasia type
P1 female 74 Mixed
P2 female 61 Broca 
P3 female 65 Anomic
P4 female 51 Broca 
P5 female 70 Mixed 
P6 female 50 Mixed 
P7 female 22 Broca
P8 female 60 Broca
P9 female 48 Broca
P10 female 25 Mixed 
P11 male 69 Broca
P12 male 54 Anomic
P13 male 63 Anomic
P14 male 33 Anomic 
P15 male 53 Broca 
P16 male 54 Anomic
P17 male 62 Anomic
P18 male 56 Broca
P19 male 42 Anomic 

Table 1. Patients’ characteristics 
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effect alone. Another point to note is the heterogeneity of aphasia 
types observed. The mixed aphasic patients included in this study 
had minimal comprehension deficit with regard to answers in the 
language tests. Hence, these patients showed more evidence of 
expressive impairment than of comprehensive difficulties. 

It is essential to compare our results with other transcranial 
direct current stimulation studies. Baker et al.9 tested transcranial 
direct current stimulation in ten patients, with the aim of treating 
aphasia after stroke. Anodal transcranial direct current stimulation 
(active or sham) was placed over the left frontal cortex and the cath-
ode was placed on the contralateral area for five consecutive days, 
using the parameter of 1 mA for 20 minutes. The authors found that 
anodal transcranial direct current stimulation over the left frontal 
cortex improved naming abilities among stroke patients with apha-
sia. Monti et al.8 also observed language improvement, but with a 
different study design: they tested transcranial direct current stim-
ulation on eight patients (anodal transcranial direct current stim-
ulation, cathodal stimulation and sham over Broca’s region, with 
one-week intervals between sessions), using 2 mA for 10 minutes of 
stimulation in each session. In their study, it was shown that anodal 
transcranial direct current stimulation and sham transcranial direct 
current stimulation did not induce any significant changes, whereas 
cathodal transcranial direct current stimulation significantly 
improved performance in the picture naming task, by a mean of 
33.6%. Therefore, these two previous studies showed positive results 
from transcranial direct current stimulation over left frontal areas. 
Based on these results, one alternative explanation for our results is 

that our reference electrode over the prefrontal cortex was respon-
sible for some of the effects seen here. However, in our study, the 
anodal electrode was placed over the right supraorbital area (instead 
of the left area as in the other studies).

CONCLUSIONS
The present study demonstrated significant language task improve-
ment after cathodal transcranial direct current stimulation of the 
unaffected motor cortex. It gives additional support to the initial 
studies showing beneficial effects from transcranial direct current 
stimulation in relation to language recovery and provides support 
for further studies. Additional sham-controlled trials and also tri-
als assessing alternative electrode montages are necessary in order 
to investigate the role of motor cortex modulation for treating of 
aphasia by means of transcranial direct current stimulation.
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