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Transcranial direct current stimulation over the opercular
somatosensory region does not influence experimentally
induced pain: a triple blind, sham-controlled study
Soichiro Koyama®®, Kei Nakagawa® and Satoshi Tanaka®

Transcranial magnetic stimulation (TMS) over the opercular
somatosensory region (OP), which includes the secondary
somatosensory cortex and the insular cortex, suppresses
pain sensation. However, whether transcranial direct current
stimulation (tDCS) over the OP has a similar effect on pain
sensation remains unknown. We examined whether pain
sensation would be suppressed by tDCS over the OP. Our
experiment with a triple-blind, sham-controlled, crossover
design involved 12 healthy participants. Participants were
asked to rate their subjective pain intensity during and after
three types of bihemispheric tDCS: right anodal/left
cathodal OP tDCS, left anodal/right cathodal OP tDCS

(2 mA, 12 min), and sham tDCS (15 s). Pain stimuli were
alternately applied to the dorsum of each index finger using
intraepidermal electrical stimulation. We observed no
significant effect of tDCS over the OP on the perception of
experimentally induced pain. Subjective pain intensity did
not differ significantly between the three tDCS conditions.

Introduction

Pain is an unpleasant sensory and emotional experience
associated with actual or potential tissue damage. Brain
imaging studies have shown that noxious stimulation can
activate the opercular somatosensory region (OP), which
includes the secondary somatosensory cortex and the
insular cortex [1]. Patients with brain lesions in the OP
show impaired pain sensation [2]. Similarly, electrical
stimulation mapping during brain surgery has indicated
that the OP is a center for pain sensation [3]. Thus, the
OP is a critical brain area for pain sensation in humans.

Noninvasive brain stimulation methods such as trans-
cranial magnetic stimulation (TMS) and transcranial
direct current stimulation (tDCS) have been found to
alleviate pain in human. Lockwood ez a/. [4] reported that
TMS over the right OP impaired discrimination sensi-
tivity for the intensity of pain stimuli. Moreover, TMS
over the right OP reduced chronic visceral pain [5] and
increased the pain threshold [6]. However, in tDCS
studies, the target regions for pain have been limited to
the primary motor cortex [7-10], the primary
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somatosensory cortex [11], and the dorsolateral prefrontal
cortex [8]. Thus, it remains unknown whether tDCS over
the OP has a similar effect with TMS on pain sensation.
In the present study, using a triple-blind, sham-
controlled design, we investigated whether tDCS over
the bilateral OP would suppress pain sensation compared
with a sham intervention.

From a clinical perspective, tDCS has some advantages
over 'TMS because the tDCS device is portable, and the
procedure is inexpensive, easy to apply, and safe to use in
a clinical practice. If the present tDCS protocol targeting
the OP shows promise in suppressing the magnitude of
subjective pain sensation after noxious stimulation, then
this new method may have potential as a clinical pain
treatment.

Materials and methods

Participants

Twelve (seven men and five women, mean age
25.1£4.7 years, 11 right-handed and one left-handed)
healthy participants took part in the present study.
Handedness was assessed in accordance with the
Edinburgh inventory [12]. Participants had no neurolo-
gical diseases, psychiatric disorders, chronic pain dis-
orders, or family history of epilepsy. The mean
educational level of the participants was at the graduate
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level (mean academic years; 19.1+4.7 years). Exclusion
criteria were acute severe pain within the last 4 weeks,
intake of analgesics within the last 24 h, and implanted
electrical devices. All experimental procedures were
approved by the Human Research Ethics Committee at
the National Institute for Physiological Sciences in
accordance with the Declaration of Helsinki, and all
participants provided informed consent before partici-
pating in the study.

Experimental procedure

We used a triple-blind, sham-controlled, crossover trial
design to test the analgesic effect of tDCS over the
bilateral OP on experimentally induced pain sensations.
Participants and two investigators (one experimenter and
one statistician) were blinded to the conditions of the
study. The participants underwent three tDCS sessions
with different stimulation conditions: anodal tDCS over
the left OP and cathodal tDCS over the right OP (L.-A/R-
C OP tDCS), anodal tDCS over the right OP and cath-
odal tDCS over the left OP (R-A/L-C OP tDCS), and
sham tDCS. We hypothesized that, compared with a
sham intervention, bihemispheric tDCS over the bilateral
OP would suppress pain sensation on the side con-
tralateral to the cathodal tDCS [13-16]. To avoid carry-
over effects of the tDCS, the sessions were spaced at
least 1 week apart. The order of the sessions was ran-
domized across participants on the basis of a Latin square
design. A schematic of the experimental procedure is
shown in Fig. 1. At the beginning of the experiment, we
determined the current intensities of different amounts
of experimentally induced pain for each participant. As
we had hypothesized that tDCS over the OP would
suppress subjective pain intensity, we used a numerical
rating scale (NRS) to identify current intensities corre-
sponding with five levels of subjective pain intensity.
These current intensities were used consistently
throughout the experiment. As a baseline measurement,
we applied a noxious pain stimulus alternately to the
dorsal area of each index finger every 30 s for 5 min. For
example, the noxious pain stimulus was applied to the
left finger and then to the right finger 30 s later. This was
followed by a 3-min rest period before commencing
tDCS. Two minutes after tDCS onset, the same noxious
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pain stimulus was applied alternately to the dorsal area of
each index finger every 30s for 10 min. The tDCS was
then discontinued and the participant continued to
receive pain stimulation in each hand alternately every
30s for 10 min. After each experimental period, the par-
ticipants completed questionnaires measuring their sub-
jective state during tDCS with respect to attention,
fatigue, pain, sleepiness, and discomfort. The same
instruction and experimental procedure were provided
for each tDCS session because subjective feelings of pain
can be easily influenced by instruction and/or con-
text [17].

Transcranial direct current stimulation

We used the DC Stimulator Plus (NeuroConn, Ilmenau,
Germany) to deliver direct current through two sponge
surface electrodes (surface area: 5x5 sz) soaked with
sodium chloride. The centers of the stimulation electro-
des were placed over the bilateral OP. The stimulation
points were identified by anatomical brain images
obtained using a 3T MRI scanner (Verio; Siemens Ltd,
Erlangen, Germany). The stimulation area was localized
using a frameless stereotaxic navigation system
(Brainsight2; Rogue Research Inc., Montreal, Quebec,
Canada). The OP region was defined as the cortical area
adjacent to the junction of the rostral end of the post-
central gyrus and the sylvian fissure [4]. We placed two
electrodes over the bilateral OP. In the bihemispheric
tDCS conditions, the current was ramped up over the
first 15s of stimulation to a maximum of 2 mA. This
intensity was maintained for 690 s and then ramped down
over the last 15s (12 min in total). For the sham stimu-
lation, we used the same procedure, although the con-
stant current was delivered for only the first 15s. This
procedure enabled us to blind the investigator and par-
ticipants to the experimental condition.

Intraepidermal electrical stimulation

We delivered the noxious pain stimulus using three
pushpin-like stainless-steel concentric bipolar needle
electrodes [18] and a portable peripheral nerve stimula-
tion device (PNS-7000; Nihon Koden, Tokyo, Japan).
The electrode consisted of an outer ring with a small
diameter of 1.3 mm and an inner needle that protruded
by 0.02 mm from the outer ring. The inner needle acted
as the cathode and the outer ring acted as the anode. The
electric pulse was a triangular wave with a rise and fall
time of 0.5 ms, and the pulse train comprised 10 pulses
with an interpulse interval 10 ms.

Pain measurement

We evaluated the magnitude of subjective pain sensation
using the NRS, which is used widely in tDCS studies of
pain [9-11]. Participants were asked to rate their sub-
jective pain intensity every 5 min (from noxious pain
stimulus onset to offset) by verbal response using a scale
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that ranged from 0 (no (worst

imaginable pain).

pain) to 10

Questionnaires

To assess the subjective state of the participants during
tDCS, we asked them to complete a questionnaire that
measured their level of attention, fatigue, pain, sleepi-
ness, and discomfort levels at the end of each interven-
tion. The questionnaire had a four-point scale [e.g.
attention (1 =no distraction; 4 = highest distraction)].

Data analysis and statistical analysis

We averaged the mean NRS data for every 5-min period
across the participants. The Shapiro-Wilk test indicated
that the present data satisfied normality. To compare the
baseline measurements, we used a one-way repeated-
measures analysis of variance (ANOVA). The mean NRS
data were subjected to a three-way repeated-measures
ANOVA with three tDCS conditions (R-A/L-C OP
tDCS, L-A/R-C OP tDCS, and sham tDCS), both hands
(left and right), and four time points (every 5 min from
noxious pain stimulus onset to offset) as within-
participant factors. Greenhouse—Geisser adjustment for
nonsphericity was applied whenever appropriate. The
questionnaire data were analyzed using the Friedman
test. Statistical significance was set at P value less
than 0.05.

Results

All participants completed the three experimental con-
ditions without any side effects. There were no sig-
nificant differences between baseline measurements
[Greenhouse-Geisser, F 5 24.1y=3.07, P>0.05, npzz
0.22, 1 - $=0.56].

Subjective pain intensity

The three-way (tDCS  conditions X hands X time)
repeated-measures ANOVA showed no significant three-
way interactions among tDCS condition, hand, and time
point [F g ¢6)=0.926, P=0.482, ;7[,2 =0.078, 1 — =0.34]
and no main effects of tDCS condition [F(z 22)=1.91,
P=0.17, n,°=0.15, 1 — #=0.35] or hand [Fy, 11,=0.009,
P=0.93, qu =0.001, 1 = f=0.05]. In contrast, the main
effect of time was significant [Greenhouse-Geisser,
F(1A2’13.19)= 1967, P<005, 7’][)2=0.641, 1 —ﬂ=099]
(Fig. 2a and b). We also found a significant interaction
between hands and time [F3 33=5.982, P<0.05,
”pz =0.352, 1 — f=0.93], but no other significant two-way
interactions (i.e. between tDCS condition vs. time, tDCS
condition vs. hand). The simple main effect of hand on
time was significantly different [right hand F'3 9y=6.412,
P<0.05, 11},2 =0.681, 1 - =0.85, left hand F'(5,9)=8.180,
P<0.05,7,°=0.732, 1 = #=0.93]. In contrast, the simple
main effect of time on hand was not significant (P> 0.05),
indicating that the subjective pain intensity decreased
with time in all three conditions in both hands. These
results indicate that subjective pain intensity decreased
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Changes in pain scores over time in the three tDCS conditions. (a)
Mean scores on the numerical rating scale (NRS) for the left and (b)
right hands are shown separately for the following time periods: pain
stimulation onset to 5 min after onset (during 5), 5—10 min after pain
stimulation onset (during 10), end of tDCS to 5 min after offset (post 5),
and 5-10 min after tDCS offset (post 10). R-A/L-C, right anodal/left
cathodal OP tDCS; L-A/R-C, left anodal/right cathodal OP tDCS. Each
value includes the mean and SEM. Error bars indicate SEM. NRS,
numerical rating scale; OP, opercular somatosensory region; tDCS,
transcranial direct current stimulation.

with repetitive pain stimulation, irrespective of condition,
which is known as habituation. Thus, we found no sig-
nificant differences in pain sensation between the three

tDCS conditions.

Questionnaire scores

The questionnaire scores showed that the difference in
the tDCS conditions did not significantly influence par-
ticipant attention, fatigue, pain, sleepiness, or discomfort
(Table 1).



Table 1 Questionnaire scores

R-A/L-C L-A/R-C Sham F values P values
Attention 1.3+£0.6 1.2+04 1.2+04 0.33 0.84
Fatigue 1.2+04 1.4+0.7 1.2+04 1.14 0.56
Pain 1.8+£0.8 1.7+£0.8 1.6+0.8 0.72 0.69
Sleepiness 1.56+£0.7 1.4+£05 1.5+0.8 0.33 0.84
Discomfort 1.7+£0.8 1.8+£0.6 1.4+05 2.97 0.23

Data represent the mean+ SD.

L-A/R-C, left anodal/right cathodal; R-A/L-C, right anodal/left cathodal.
Attention was scored on a scale of 1-4 (1 =no distraction; 4 = highest distrac-
tion). Fatigue was scored on a scale of 1-4 (1 =no fatigue; 4 =highest level of
fatigue). Pain was scored on a scale of 1-4 (1 =no pain; 4 =strongest pain).
Sleepiness was scored on a scale of 1-4 (1=no sleepiness; 4 =strongest
sleepiness). Discomfort was scored on a scale of 1-4 (1=no discomfort;
4 = strongest discomfort).

Discussion

We used a triple-blind, sham-controlled, crossover trial
design to test the effects of bihemispheric tDCS over the
bilateral OP on pain sensation. Contrary to our expecta-
tions, NRS scores did not differ significantly between the
three tDCS conditions. Thus, our data do not support the
analgesic effect of bihemispheric tDCS over the bilateral
OP using the current parameters. We believe that it is
important to report the null result to prevent unnecessary
application to patients in clinical trials.

We used a triple-blind, sham-controlled, crossover trial
design to exclude as many potential confounders as
possible (e.g. experimenter expectations in terms of
intervention outcome). In addition, we used a ques-
tionnaire to assess the subjective state of the participants
during tDCS. According to the questionnaire scores,
subjective state, such as changes in attention, fatigue,
pain, sleepiness, and discomfort, did not differ sig-
nificantly between tDCS conditions. No significant dif-
ference in subjective state indicates that participants did
not notice which condition was real or sham. The rela-
tively low scores of subjective pain and discomfort level
suggest that participants’ emotional states during tDCS
were stable and did not counteract the effect of tDCS. In
sum, we believe that the present results include mini-
mum experimental bias and the other confounding vari-
ables. To the best of our knowledge, the present study is
the first to investigate the effects of tDCS over the OP on
pain sensation in healthy adults using a triple-blind pro-
cedure. The effects of tDCS on pain sensation are con-
troversial. As well as the present study, several studies
have reported negative results previously [19-21].

Although the reasons for the negative results in the
present study are unclear, we propose three possible
explanations. The first relates to the stimulation intensity
of the tDCS. We chose 2mA tDCS because the OP
region is located deeper than other target regions such as
the hand primary motor cortex and primary somatosen-
sory cortex. However, even the current intensity of 2 mA
might not have been sufficient to modulate the deeper-
located OP activity.
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The second possibility is that our results were tied to the
configuration of the electrode montage. Previous inves-
tigations of the analgesic effects of tDCS have used a
unihemispheric tDCS montage [7-11], whereas the pre-
sent study used a bihemispheric tDCS montage. The
different configurations of the electrode may have
induced different current directions [22]. Therefore, it is
possible that the present configuration of the electrode
montage might induce the electric current into the OP
region in an ineffective way to modulate pain sensation.

A third possibility is the large interindividual variability
of responses to tDCS [23]. Some computational studies
have suggested that the effect of tDCS is influenced by
individual anatomical differences such as skull thickness,
cerebrospinal fluid thickness, and subcutaneous head fat
[24,25]. Thus, interindividual variability in the effects of
tDCS because of individual anatomical differences might
have contributed toward our negative results at a group
level. In this context, the low statistical power associated
with the small sample size may reduce a chance of
detecting a true tDCS effect. Future studies with large
sample sizes are needed to clarify this point.

Conclusion

We used a triple-blind, crossover, sham-controlled study
design to test whether bihemispheric tDCS over the
bilateral OP could suppress pain sensation. We did not
observe any significant analgesic effects of bihemispheric
tDCS over the bilateral OP with the stimulation para-
meters used in the study. Our findings have implications
for the selection of optimal stimulation regions for
potential clinical treatment.
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