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Effects of Dual Transcranial Direct
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Objective To investigate any additional effect of dual transcranial direct current stimulation (tDCS) compared
with single tDCS in chronic stroke patients with aphasia.

Methods Eleven chronic stroke patients (aged 52.6+13.4 years, nine men) with aphasia were enrolled. Single
anodal tDCS was applied over the left inferior frontal gyrus (IFG) and a cathodal electrode was placed over the left
buccinator muscle. Dual tDCS was applied as follows: 1) anodal tDCS over the left IFG and cathodal tDCS over
the left buccinator muscle and 2) cathodal tDCS over the right IFG and anodal tDCS over the right buccinator
muscle. Each tDCS was delivered for 30 minutes at a 2-mA intensity. Speech therapy was provided during the last
15 minutes of the tDCS. Before and after the stimulation, the Korean-Boston Naming Test and a verbal fluency test
were performed.

Results The dual tDCS produced a significant improvement in the response time for the Korean-Boston
Naming Test compared with the baseline assessment, with a significant interaction between the time and type of
interventions. Both single and dual tDCS produced a significant improvement in the number of correct responses
after stimulation with no significant interaction. No significant changes in the verbal fluency test were observed
after single or dual tDCS.

Conclusion The results conveyed that dual tDCS using anodal tDCS over the left IFG and cathodal tDCS over the
right IFG may be more effective than a single anodal tDCS over the left IFG.
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INTRODUCTION

Aphasia is a common consequence of stroke and is
caused by brain injury to the left cerebral hemisphere [1].
Although patients with aphasia tend to recover to a con-
siderable extent after a stroke, most of the recovery oc-
curs within the first 6 months and is incomplete [2]. Ma-
jority of aphasic patients continue to suffer from chronic
deficits, for which conventional rehabilitative treatment
is less effective [3,4]. Therefore, there is an increasing
need to develop new interventions that enhance the re-
covery from chronic aphasia after a stroke.

Transcranial direct current stimulation (tDCS) is a non-
invasive technique that has been found to modulate the
excitability of neurons in the cerebral cortex [5,6]. The
polarity of the current applied to the scalp determines
the effect of tDCS on the underlying cortex. Anodal tDCS
has been found to increase cortical excitability, whereas
cathodal tDCS decreases it. Numerous reports have dem-
onstrated the modulating effect of tDCS on various corti-
cal functions, including motor learning, working memo-
ry, and language [7-9]. In recent studies, the application
of anodal tDCS to the left frontal hemisphere was shown
to increase the naming accuracy and response time in
aphasic patients and healthy individuals [10-12]. These
results suggest that stimulation of the perilesional area
of the left hemisphere could result in improved recovery
from aphasia.

In contrast, the role of the right hemisphere in the re-
covery from aphasia is still controversial. Previous stud-
ies hypothesized that the homologous language region
in the right hemisphere has a capacity for language pro-
cessing that is normally inhibited through transcallosal
connections [13]. Although recruitment of the homolo-
gous language area in the right hemisphere is thought to
be a crucial recovery pathway for relatively large stroke
lesions in the left hemisphere, increased activity in the
right hemisphere is not always beneficial for all patients.
Increased activation of the right hemisphere may result
in increased inter-hemispheric inhibition to the detri-
ment of the left hemisphere and could interfere with the
recovery of language function [14,15]. Consistent with the
above hypothesis, some studies found that suppression
of the right hemispheric homologous language region
through the use of inhibitory techniques, such as repeti-
tive transcranial magnetic stimulation (rTMS) or tDCS,
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resulted in an improvement in language [16,17]. Kang et
al. [16] applied cathodal tDCS on the right Broca’s homo-
logue area for 5 consecutive days and reported improved
picture naming in aphasic patients. Furthermore, You
et al. [17] reported that cathodal tDCS to the right supe-
rior temporal gyrus produced a greater improvement in
comprehension compared to the anodal tDCS to the left
superior temporal gyrus or sham tDCS.

Dual-site stimulation using tDCS has received much
attention for the purpose of developing more effective
methods of stimulation. Vines et al. [18] applied a si-
multaneous dual-hemispheric tDCS to healthy subjects,
using anodal tDCS over the non-dominant and cathodal
tDCS over the dominant motor cortices. They confirmed
an additive effect on motor function of the non-dominant
hand compared with single-site stimulation. Further-
more, dual tDCS using a cathode over the right and an
anode over the left parietal cortices produced a stronger
neglect-like effect in healthy subjects compared with the
single cathodal tDCS over the right parietal cortex [19].

To our knowledge, no study has reported the effect of
simultaneous dual tDCS applied over the bihemispheric
language-related regions in aphasic patients after suf-
fering from a stroke. Therefore, in this study, we investi-
gated the effects of dual tDCS on the language function
of patients with aphasia and compared them with those
of single tDCS in order to determine the most effective
tDCS method for aphasic patients. We hypothesized that
the simultaneous application of anodal tDCS over the left
inferior frontal gyrus (IFG) and cathodal tDCS over the
right IFG would have a greater effect than a single anodal
tDCS over the left IFG.

MATERIALS AND METHODS

Subjects

Eleven chronic stroke patients (aged 52.6+13.4 years,
nine men) with aphasia were enrolled in the study. Six
of the eleven patients had non-fluent aphasia, while the
remaining five had fluent aphasia. The demographic and
clinical characteristics of the participants are shown in
Table 1. Subjects were enrolled at least 6 months after
the onset of aphasia. The inclusion criteria were as fol-
lows: native Korean speaker, right handedness before
the stroke, single first-ever left hemispheric stroke, and
clinically diagnosed with aphasia. Prior to the enrollment
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Table 1. Demographic and clinical characteristics of subjects

Patientno. Gender Age (yr) Education (yr) Duration (mo) Brain lesion Type of aphasia AQ
1 M 41 12 11 Left MCA inf. Broca 56.8

2 M 37 16 8 Left MCA inf. Broca 36.2

3 M 51 16 10 Left MCA inf. Transcortical motor 79.6

4 M 64 16 108 Left MCA inf. Anomic 76.2

5 M 33 16 11 Left MCA inf. Anomic 87.0

6 F 54 12 25 Left BGICH Transcortical motor 78.6

7 M 53 12 8 Left BGICH Broca 42.8

8 M 74 16 118 Left MCA inf. Broca 79.6

9 F 51 12 43 Left MCA inf. Anomic 86.4

10 M 76 16 180 Left MCA inf. Anomic 74.5

11 M 45 12 49 Left MCA inf. Anomic 83.1

MeantSD M=9,F=2 52.6+13.4 14.1+£2.0 51.9455.3 71.0£16.8

MCA inf., middle cerebral artery infarction; BG, basal ganglia; ICH, intracerebral hemorrhage; AQ, aphasia quotient of

Korean-Western Aphasia Battery; SD, standard deviation.
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tDCS: 2 mA for 30 minutes Speech therapy during
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latter 15 minutes of tDCS after tDCS

Fig. 1. Study design for the single and dual transcranial direct current stimulation (tDCS). The single tDCS applied an-
odal tDCS over the left inferior frontal gyrus (IFG) and reference electrode over the left buccinators muscle. The dual
tDCS was conducted with 1) anodal tDCS over the left IFG and cathodal tDCS over the left buccinators muscle and 2)
cathodal tDCS over the right IFG and anodal tDCS over the right buccinators muscle. All subjects were assessed with
the Korean-Boston Naming Test (K-BNT) and the verbal fluency (VF) test before and immediately after stimulation.

into the study, all patients were evaluated by the same
professional speech and language pathologist using the
Korean-Western Aphasia Battery to determine the type
and severity of aphasia. The exclusion criteria included
history of seizure and implanted metal object, as these
are contraindications relevant to tDCS [20]. We also ex-
cluded patients who had severely impaired auditory-
verbal comprehension or other neurological diseases,
and those who were uncooperative with speech therapy.
All participants gave their informed consent.

Study design and application of tDCS
The study was designed as a randomized, double-blind

cross-over study. tDCS was delivered for 30 minutes at
an intensity of 2 mA using saline-soaked 5x5-cm sponge
electrodes and a constant-current electrical stimula-
tor, Phoresor IT Auto PM850 (IOMED, Salt Lake City, UT,
USA). Active stimulation electrodes were placed over the
left IFG or both the left and right IFG. We used an inter-
national 10—20 EEG system to locate the IFG. According
to the 10—20 EEG system, the left and right IFG areas
were defined as F7 and F8, respectively [21]. Reference
electrodes were applied to the buccinator muscle of the
same side in order to avoid any unintentional influence
of the electrical current on other areas of the brain [22].
All participants received treatments with both single
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and dual tDCS with a washout period of more than 24
hours between the two experiments. The order of the
stimulation experiments was counterbalanced across
subjects. For the single stimulation experiment, an an-
odal tDCS electrode was placed over the left IFG and a
cathodal tDCS electrode was positioned over the left buc-
cinator muscle. In the dual stimulation experiment, 1) an
anodal tDCS electrode was placed over the left IFG and a
counter electric cathodal tDCS electrode was positioned
over the left buccinator muscle, and 2) a cathodal tDCS
electrode was placed over the right IFG and a counter
electric anodal tDCS electrode was positioned over the
right buccinator muscle. All electrodes used in the single
and dual stimulation experiments were the same; how-
ever, the right tDCS electrode was only switched on for 5
seconds.

The same therapist administered the speech and lan-
guage therapy, which was comprised of picture naming
and reading short paragraphs, during the last 15 minutes
of the tDCS application (Fig. 1).

Evaluation of language function

Before and after each tDCS session, changes in the lan-
guage functions of the subjects were assessed by a picture
naming test and a verbal fluency test. We constructed
four sets of the modified, short version of the Korean-
Boston Naming Test, which includes 15 frequency-
balanced items in each group [23]. Subjects were asked
to pronounce the correct names of the pictures that were
presented on a personal computer screen. The response
time and the number of correct responses were recorded.
The verbal fluency test utilized two stimulating pictures
(cookie theft and beach) from the Korean-Western Apha-
sia Battery [24]. A different picture was shown before and
after tDCS, and the subjects were requested to describe
the picture within 60 seconds. The total number of sylla-
bles used was counted. Both the picture naming test and
the verbal fluency test were video recorded and reviewed
by a single speech-language therapist, who was blinded
to the type of stimulation.

Statistical analysis

All analyses were performed using the software pack-
age SPSS ver. 20.0 (SPSS Inc., Chicago, IL, USA). The
Kolmogorov-Smirnov test revealed that the data were not
normally distributed in our study. Therefore, Wilcoxon
signed-rank tests were used to evaluate the differences
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between language function before and after tDCS for
each stimulation experiment. Baseline values of both
types of stimulation were analyzed using the Mann-
Whitney U test. Interactions between the time and type
of intervention were determined using the Friedman test.
Statistical significance was considered to be at a level of
p<0.05.

RESULTS

None of the subjects reported severe adverse effects
during or after the experiments, and they all tolerated
the single and dual tDCS without interrupting the experi-
ment.

Picture naming test

Response time

Baseline values for the response time did not differ sig-
nificantly (single tDCS, 12.76+1.61 seconds; dual tDCS,
13.68+1.81 seconds; p>0.05). The mean response time for
the picture naming task was decreased from 12.76+1.61
to 11.90+1.58 seconds, which was not statistically signifi-
cant (p>0.05) in the single tDCS, but was significantly de-
creased from 13.68+1.81 to 9.76+1.51 seconds (p<0.05) in
the dual tDCS (Fig. 2A). The Friedman test demonstrated
a significant interaction between the time (pre-stimula-
tion vs. post-stimulation) and type (single vs. dual) of in-
terventions (y°=4.455, p=0.035). The dual tDCS induced a
greater effect on the response time in the picture naming
test than in the single tDCS.

Correct response

No statistical significant difference in the baseline val-
ues of the numbers of correct responses was observed
between the two types of intervention (single tDCS,
8.64+1.08; dual tDCS, 8.82+1.08; p>0.05). The number of
correct responses significantly increased from 8.64+1.08
t0 9.73+0.92 (p<0.05) in the single tDCS (Fig. 2B) and
from 8.82+1.08 to 10.45+0.93 (p<0.05) in the dual tDCS.
No significant interaction between the time (pre-stimu-
lation vs. post-stimulation) and type (single vs. dual) of
intervention was observed in the number of correct re-
sponses in the picture naming test (y°=0.4, p=0.53).

Verbal fluency test
Under conditions of both the single and dual tDCS, no
significant difference was found between the number of
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syllables used in the pre- and post-stimulation (Fig. 2C).

DISCUSSION

We investigated the effect of the simultaneous applica-
tion of anodal tDCS over the left IFG and cathodal tDCS
over the right IFG on the language function of aphasic
patients and compared the results with those of a single
anodal tDCS on the left IFG. Our results demonstrated
that the mean response time in the picture naming test
was significantly shortened only after the dual tDCS, with
an interaction between the two conditions, suggesting
that dual tDCS may be more effective than single tDCS.
In contrast, both single and dual tDCS were effective in
enhancing the accuracy of picture naming, and the num-
ber of correct responses was significantly increased after
both stimulation conditions.

The current consensus is that two important mecha-
nisms are involved in the recovery from aphasia [25,26].
First, in patients with relatively small lesions in the left
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Fig. 2. Changes in the response time (A) and the number
of correct response (B) for the picture naming test, and
the number of syllables in the verbal fluency test (C) were
demonstrated after application of the single and dual
transcranial direct current stimulation (tDCS). *p<0.05.

hemisphere, the recruitment of perilesional cortical neu-
ronal elements plays an important role in the recovery
from aphasia. A number of functional magnetic reso-
nance imaging studies have demonstrated that greater
activation in the left hemisphere is associated with a
better outcome for language recovery [13,27,28]. Thus,
the enhancement of the excitability of the left language-
related cortical regions by non-invasive brain stimulation
may improve recovery from aphasia [10,12].

Second, the recruitment of the homologous language
area and speech-motor region in the right hemisphere
may be a crucial pathway in patients with relatively large
left hemispheric lesions. The right hemispheric peri-
sylvian area is known to be involved to some extent in
language recovery, but is less effective than the structural
reorganization of the left hemispheric language areas
[26]. The recruitment of the right hemispheric neuronal
elements may be facilitated by a decrease in transcallo-
sal inhibition resulting from the left hemispheric lesion.
Although activation of the right hemisphere during the
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subacute phase of aphasia may be beneficial in severely
affected patients, prolonged right hemispheric activity is
considered to be deleterious as it may exert an increased
inhibitory influence on the left perilesional activity
[29,30]. Therefore, the inhibition of right hemispheric
activity using cathodal tDCS may have a positive effect
on language recovery, particularly in chronic aphasic pa-
tients [31].

Bihemispheric brain stimulation is based on the inter-
hemispheric rivalry theory, which hypothesizes that uni-
lateral lesions in the brain cause an imbalance between
dominant and non-dominant hemispheres [32,33], and
this may interfere with the natural recovery process [14].
Theoretically, increasing the excitability of the ipsile-
sional cortical region and decreasing the excitability of
the contralesional, unaffected cortical region may help
to restore the balance between both hemispheres and
thus promote the appropriate recovery process [34]. For
bihemispheric stimulation, tDCS has an advantage over
rTMS because the dual stimulation can be applied over
two hemispheres simultaneously using a single device. In
addition, tDCS is cheaper, portable and less noisy com-
pared to rTMS [35]. In the present study, both single and
dual tDCS methods produced an improvement in accu-
racy in the picture naming test with no adverse effects,
which suggests that both methods can be used as effec-
tive tools to enhance language function in patients with
chronic aphasia after stroke. However, the dual tDCS ad-
ditionally produced a greater improvement in response
time in the picture naming test than the single tDCS.
Therefore, it can be proposed that the dual tDCS contrib-
uted to an additive effect on the results obtained with the
single tDCS in the improvement of the language function
of chronic aphasic patients.

The patients included in our study varied greatly with
respect to the subtypes of aphasia, lesion location, and
the extent of brain damage. Regardless of the type of
aphasia, the role of the left frontal cortex in its recovery
has been demonstrated. A recent functional magnetic
resonance imaging study revealed that the activation of
the left frontal cortex was correlated with naming accu-
racy in stroke patients with aphasia [27]. Furthermore,
increasing the excitability of the left frontal cortex using
tDCS improved naming ability, irrespective of the sub-
type of the aphasia, and the extent of the stroke lesion [10].
The results from our study are consistent with previous
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reports and confirm that the activation of the left frontal
cortex, particularly the IFG, improves naming ability in
various types of aphasia.

However, the results did not demonstrate any signifi-
cant change in the verbal fluency test after either type
of tDCS. In the study by Cattaneo et al. [36], the applica-
tion of tDCS to Broca’s area improved the phonemic and
semantic fluency of healthy individuals; however, their
study design, outcome measurements and subjects dif-
fered from those in our study. Moreover, the Korean-lan-
guage version of the verbal fluency test has not yet been
validated as a quantitative method, especially in stroke
patients and may need further investigation in order to
define the different effects of tDCS on specific language
functions.

The current study had several limitations. First, it did
not examine the excitability of the stimulated cortical
area directly. Therefore, the behavioral results may in-
directly verify our hypothesis. Functional imaging tech-
niques, such as functional magnetic resonance imaging,
could be used to clarify this issue in future studies. Sec-
ond, the total current intensities provided to the whole
brain in the single and dual tDCS experiments differed
(2.0 mA in the single vs. 4.0 mA in the dual tDCS, respec-
tively). Therefore, a different modulatory effect due to a
higher intensity of electric current cannot be ruled out
as a cause of the differences in the results. Finally, the
population in our study was relatively small and hetero-
geneous, and thus, we were unavailable to evaluate the
effects relative to specific brain lesions or subtypes of
aphasia.

Despite the above limitations, our study proposes that
dual tDCS can be used as a safe and effective intervention
method in addition to conventional speech-language
therapy for the treatment of aphasic patients following a
stroke.

The results of this study showed that simultaneous,
bifrontal dual tDCS is a safe and effective method to im-
prove language function in patients with chronic aphasia
after a stroke. Further studies on the cumulative and
long-term effects of dual tDCS are required for appropri-
ate clinical application.
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