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Purpose: The purpose of  this  study  is  to  investigate whether dual‐hemisphere  transcranial direct  current  stimulation 
(tDCS) could induce more cortical activity, compared to single‐hemisphere, using functional MRI (fMRI).

Methods: One right‐handed healthy subject was recruited. Three phases of dual‐hemisphere tDCS (i.e. anodal tDCS over 
the  left‐dominant  primary  sensoriomotor  cortex  (SM1)  and  cathodal  tDCS  over  the  right‐non  dominant  SM(1)  were 
consecutively delivered on to a subject, during  fMRI scanning. The voxel count and the  intensity  index  in the averaged 
cortical map were analyzed among the three tDCS phases.

Results: Our result showed that cortical activation was observed on all the three phases of the dual‐hemisphere tDCS. Voxel 
count and intensity index were as following; 912 and 4.07 in the first phase, 1102 and 3.90 in the second phase, 1031 and 3.80 
in the third phase.

Conclusion: This  study demonstrated  that application of  the dual‐hemisphere  tDCS could  induce cortical activity and 
maintain  to  recruit  cortical  neurons. Our  findings  suggested  that  application  of  dual‐hemisphere  tDCS  could  produce 
efficiency of the ongoing tDCS effect to facilitate cortical excitability.
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I. Introduction

Human brain has the ability to change structurally and 

functionally as a result of various inputs from internal or external 

environment for a lifetime, which termed as brain plasticity.1-4 

Brain plasticity is accompanied by a change in the neural 

excitability and by an increase in the synaptic efficiency of the 

cortical neuron pool.2,3 It would be expressed into habituation, 

sensitization, adaptation, memory, learning, and so forth. 

Recently, with the development of biomedical technology, 

several brain stimulation techniques for modulation of brain 

function have been introduced in the field of neuroscience.5-10 

These techniques were classified into invasive (i.e. epidural or 

implanted cortical simulation) and non-invasive techniques (i.e. 

transcranial direct current stimulation (tDCS), repetitive 

transcranial magnetic stimulation (rTMS)). In particular, 

non-invasive brain stimulation techniques have been extensively 

used, due to great advantages of proved safety guideline and 

possibility of repetitive application without painful sensation.8 

tDCS has been reintroduced in neurophysiologic experime-

nts, which is one of the typical non-invasive techniques to use 

constant, low current delivered directly to the scalp via a pair of 

electrodes.10 Depending on the polarity of the applied 

electrodes, tDCS can modulate cortical excitability, i.e., an 

anodal electrode on the scalp increases cortical excitability, 

whereas a cathodal electrode has the opposite effect. Using the 

characteristics of tDCS polarity effect, several studies have been 

carried out to improve a variety of cognitive and motor functions 

in healthy individuals.11-13 Moreover; several clinical trials have 

proven that tDCS could recover the loss of neurologic function 

in patients with brain damage. So, tDCS has been investigated 

to prove the ongoing and the long lasting effects.14-17 
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In general, anodal current as an active electrode was applied 

on the scalp site where the performance would like to facilitate. 

Cathodal current was placed as a reference electrode on the 

supraorbital area at the opposite side of the anodal electrode.10 

However, simultaneously applying anodal tDCS over the right 

motor cortex and cathodal tDCS over the left motor cortex had 

an additive effect to facilitate greater improvement for the left 

motor function, compared to the conventional stimulation 

method which applied anodal tDCS over the right motor cortex 

and cathodal tDCS over the left supraorbital area.18,19 It seems 

that these dual-tDCS on bilateral hemispheres have greater 

benefits on efficiently modulating the cortical excitability. 

However, there was no evidence that dual-tDCS on bilateral 

hemispheres could induce more cortical activation, compared to 

the single-tDCS on a unilateral hemisphere. Therefore, in the 

current study, we investigated whether anodal tDCS over the left 

primary sensoriomotor cortex (SM1) along with cathodal tDCS 

over the right SM1 could induce and maintain cortical activity, 

in three consecutive phases for a period of 3 minutes.

II. Methods

1. Subjects

One right-handed healthy male subject (age: 23) without 

neurological or psychiatric history participated in this study. 

Handedness was assessed by the modified Edinburg Handedness 

Inventory.20 The subject was naive with regard to the 

stimulation of direct current on the scalp and previous 

experiment similar to this purpose of study. He understood the 

purpose of this study, and gave written, informed consent to 

participate in this experiment.

2. Experimental methods

1) tDCS application

Direct current was provided via a battery-driven constant DC 

current stimulator (NeuroConn GmbH, Ilmenau, Germany) 

from outside the MRI room. Current was delivered to the scalp 

of the subject, using a pair of electrodes (EL508, Biopac System 

INC, US) and lead (LEAD108, Biopac System INC, US) 

manufactured for compatibility with a magnetic field. MRI 

compatible electrodes, which were pre-gelled with a 1cm diam-

eter circular contact area on a 38 cm diameter backing, were 

placed on a water-soaked sponge (5 × 7 cm). This was kept in 

contact with the scalp. The center of the anodal electrode was 

placed over the primary motor cortex (SM1) in the dominant 

hemisphere, whereas one of the cathodal electrodes were placed 

over SM1 in the non-dominant hemisphere. 10/20 international 

electroencephalographic system was used for electrodes 

placement, in which M1 corresponds to C3 or C4 in both 

hemispheres respectively. This area is well known as the neural 

representational area for hand motor function.21

2) tDCS stimulation paradigm during fMRI scanning

Subject was placed in a supine position with eyes closed and 

wore headphones to protect from noise. To prevent motion 

artifacts during fMRI scanning, movements of the head, trunk, 

and arms was restricted. The fMRI paradigm was conducted as a 

block design with rest phase, preparatory phase, and stimulation 

phase. The rest phase with on tDCS consisted of three 

consecutive cycles of 60 seconds. The preparatory tDCS cycle 

with three consecutive cycles of 60 seconds was composed by a 

preparation period to reach an output of stable direct current, 

and then it was excluded in the final data analysis. The tDCS 

stimulation included three tDCS phases which consisted of 

three consecutive cycles of 60 seconds. The preparatory and 

stimulation phases were applied at a constant current with an 

intensity of 1.0 m A for two minutes, with ramp up and down 

over the initial and the last 3 seconds of the 60 stimulation 

period.

The subject was instructed to notify our inspector if felt 

adverse effects such as headache, nausea, and so forth. On our 

experiment, the subject did not complain of any adverse effects 

expect a mild itching sensation under the electrodes. Finally, to 

test region-specific condition effects for the stimulation phase, 

we subtracted the rest phase from the tDCS phase with a bipolar 

application on the bilateral hemispheres.

3. Image acquisition and analysis

Blood oxygenation level-dependent (BOLD) fMRI measure-

ments, which employed the Echo Planar Imaging (EPI) tech-

nique, were performed using a 1.5T MR scanner (Gyroscan 

Intera System, Phillips, Germany) with a standard head coil. For 

anatomic base images, 20 axial, 5 mm thick, T1-weighted, spin 

echo images were obtained with a matrix size of 256 × 205 and 

a field of view (FOV) of about 210 mm, parallel to the 
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Figure 1. Cortical activation map of the functional MRI data during bipolar transcranial direct current 
stimulation on bilateral hemispheres (anodal electrode on the left SM1 and cathodal electrode on the right 
SM1 or on the supraorbital area).

bicommissure line of the anterior commissure-posterior com-

missure. EPI-BOLD images were acquired over the identical 20 

axial sections, producing a total of about 310 images for each 

subject, including 10 dummy images. Imaging parameters 

consisted of TR/TE = 2.0 sec/50 msec, FOV = 210 mm, matrix 

size = 64 × 64, and slice thickness = 5 mm. fMRI data analysis 

was accomplished using a SPM8 software (Wellcome Depart-

ment of Cognitive Neurology, UK) running under the 

MATLAB environment (The Mathworks, USA). Functional 

data for each participant were motion-corrected. All images were 

realigned and normalized. Images were smoothed with an 8-mm 

isotropic Gaussian kernel. Statistical parametric maps were 

obtained. Voxels were considered significant at an uncorrected 

p<0.01. Activations were based on the five voxel regions. For 

group analysis of the normal group, images associated with the 

amplitude of the hemodynamic response were entered into 

one-sample t-test random effects analysis, and registered to the 

standard stereotaxic space of Talairach coordinates for the 

creation of statistical parametric maps and documenting the 

group average. The differences in the brain activation between 

the two tasks were compared by a random effect group analysis 

(uncorrected p < 0.01). Regions of interest were drawn around 

the SM1, supplementary motor area (SMA), and premotor 

cortex (PMC). The SM1 includes the precentral and postcentral 

gyruses centered on the precentral knob. The PMC extends 

horizontally from the precentral sulcus to the rostral limit, which 

lies halfway between the central sulcus and the anterior-most 

extent of the brain and in between the sylvian fissure and the 

SMA. The SMA, which is located to the anterior of leg 

somatotopy of the primary sensoiomotor cortex, extends from 

the brain vertex to the cingulate sulcus. We conducted voxel 

counts to estimate the amount of cortical activation in response 

to the tDCS, as these are reliable indicators which reflect cortical 

activation and changes in cerebral blood flow.22,23

III. Results

Figure 1 indicated that the cortical activation map was analyzed 

in the three ph

ases of the dual-hemisphere tDCS, when bipolar direct current 

stimulation was applied on the bilateral hemispheres (i.e. anodal 

stimulation over the left SM1, cathodal stimulation over the 

right hemisphere). SM1 of the dominant left hemisphere was 

activated in all the phases of dual-hemisphere tDCS. In each of 

the three phases, voxel count and intensity index were 912 and 

4.07 in the first phase, 1102 and 3.90 in the second phase, 1031 

and 3.80 in the third phase. Voxel count and intensity index 

with Talairach coordinates were expressed in table 1.

IV. Discussion

In the current study, we investigated whether dual-hemisphere 

tDCS which simultaneously was applied in the anodal current 

on the left SM1 and in the cathodal current on the right SM1 

could induce cortical activity in the left SM1, and maintain the 

amount of cortical activity using voxel count and intensity 

index. 

As a result, our findings showed that cortical activity by the 

dual-hemisphere tDCS was found in all the three phases. In 

addition, the dual-hemisphere tDCS induced cortical activity in 

the three stimulation phases for 3 minutes from the onset of 

direct current injection. Therefore, we suggest that dual- 
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Phase Activation areas (x, y, z) Voxel count Peak intensity index

Dual-hemispheric tDCS
(Phase 1)

Left primary sensoriomotor cortex
(-44, -40, 64)

912 4.07

Dual-hemispheric tDCS
 (Phase 2)

Left primary sensoriomotor cortex
(-44, -40, 64)

1102 3.90

Dual-hemispheric tDCS
(Phase 3)

Left primary sensoriomotor cortex
(-44, -40, 64)

1031 3.80

tDCS: transcranial direct current stimulation
BOLD: Blood oxygenation level-dependent

Table 1. Areas of functional activation of the cerebral cortex during three phases of dual-hemisphere tDCS and one 
phase of single-hemisphere tDCS. In each of the regional activation clusters, voxel count and BOLD signal intensity were 
analyzed with Talairach coordinates.

hemisphere tDCS can modulate and maintain brain function, 

while tDCS was consistently injected 3 minutes. 

These findings are compatible with prior neuroimaging 

studies. This indicates that the excitability of the cortical 

neurons was modulated by the ongoing effect during the deli-

very of tDCS.24-27 According to fMRI study by Kwon et al,24 the 

anodal application of tDCS, had the direct stimulating effect on 

the underlying motor cortex. This increased the neural cortical 

activation of the targeted brain area. Kwon et al,25 showed that 

the ongoing effect of the anodal tDCS is induced and 

maintained after one minute of application of direct current to 

the target neurons. These evidences support that when direct 

current is applied on the underlying targeted brain area, it can 

directly induce the neural activity. Moreover, several prior 

studies indicates that the cognitive behavior was modulated by 

the polarity-specified effect during the delivery of the tDCS.13,28 

Dockey et al,13 examined that planning ability and cognitive skill 

learning were enhanced during the tDCS application on the left 

dorsolateral prefrontal cortex, through the Tower of London 

task performance. Stone et al,28 revealed that the tDCS on the 

left parietal cortex modulated the performance of the 

local-to-global attentional switching by the ongoing effect of the 

tDCS. Accordingly, the activities of the cortical neurons and the 

brain functions could be modulated during the delivery of direct 

current. Its changes would be described by the ongoing effects of 

tDCS. To our knowledge, the first experiment about the concept 

of dual-hemisphere tDCS might be conducted by Vines et al in 

2006. They showed that anodal tDCS over the left motor area 

led to highly improved right hand performance, compared to 

the cathodal tDCS. On the other hand, cathodal stimulation 

induced increase in the left-hand performance significantly more 

than anodal stimulation. In their further study in 2008, they 

suggested that by simultaneously applying cathodal tDCS over 

the dominant motor cortex and anodal tDCS over the 

non-dominant motor cortex produced an additive effect. This 

led to significantly greater improvements in finger sequencing 

task for the non-dominant hand, compared to uni-hemisphere 

tDCS. This outcome may be attributed to interhemispheric 

inhibition between the motor cortices of the two hemispheres. 

We believe that the inhibition of the cortical neurons in the 

cathodal tDCS enhance the facilitative effect of anodal tDCS all 

the more. This outcome provides evidence for the role of 

interhemispheric inhibition in corticomotor functioning. It also 

has implications on treatment methods aimed at facilitating 

motor recovery after a stroke.

In conclusion, we found out that the anodal tDCS over the 

targeted brain area simultaneously with cathodal tDCS over the 

same brain area of the opposite hemisphere was [the right?] 

application method to trigger the targeted neural cells. Recently, 

tDCS has been investigated to elucidate the effectiveness of the 

brain modulation in various research areas such as 

neurophysiology, neuropsychology, clinical neuroscience, and so 

forth. In addition, tDCS has great advantages in terms of the 

proved safety guideline and convenient-cost effective 

application. Accordingly, we speculate whether our results will 

produce a rationale for the dual-hemisphere tDCS application in 

order to efficiently facilitate brain function. Our findings are 

difficult to generalize the effectiveness of the application of 

dual-hemisphere tDCS, because of single subject case study. 

Therefore, further study is required to ascertain the comparison 

of the effectiveness between the dual-hemisphere and 

single-hemisphere tDCS application.
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