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Bifrontal and bioccipital transcranial direct current
stimulation (tDCS) does not induce mood changes
in healthy volunteers: A placebo controlled study
Mark Plazier,a,b Kathleen Joos,a Sven Vanneste,a Jan Ost,a Dirk De Riddera,b
a
b

Department of Brain, University Hospital Antwerp, Antwerp, Belgium
Department of Neurosurgery, University Hospital Antwerp, Antwerp, Belgium

Transcranial direct current stimulation (tDCS) is the application of a weak electrical direct current
(1.5 mA), which has the ability to modulate spontaneous firing rates of the cortical neurons by
depolarizing or hyperpolarizing the neural resting membrane potential. tDCS in patients with
depressive disorders has been proven to be an interesting therapeutic method potentially influencing
pathologic mood states. Except one study, no alterations in mood could be confirmed applying tDCS in
healthy participants. In this study, bifrontal or bioccipital stimulation was applied in 17 healthy subjects
during 20 minutes with 1.5 mA in a placebo-controlled manner. Bifrontal stimulation consisted of both
anodal and cathodal placement on right and left dorsolateral prefrontal cortex (DLPFC) in two separate
sessions. Using a set of self-reported moodscales (SUDS, POMS-32, PANAS, BISBAS) no significant
mood changes could be observed, neither with bifrontal nor bioccipital tDCS. As already demonstrated
by previous studies, we confirmed the minimal side effects and the safety of this neuromodulation
technique.
Ó 2012 Elsevier Inc. All rights reserved.
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The application of a direct current to the central nervous
system, known as transcranial direct current stimulation
(tDCS), is neither new nor unknown. In 1801, Giovanni
Aldini, Galvani’s nephew, tried to treat melancholy by
using Galvanic current (5 direct current) stimulation.1
Animal research has shown that tDCS is capable of altering
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the membrane resting state potential leading to depolarization or hyperpolarization, based on the polarity of the electrode.2,3 The direct current can pass the human skull as
shown by recordings on intracerebral electrodes,4 suggesting that it can modify the excitability of the human cerebral
cortex. The effects of stimulation can be long-lasting and
are determined by the duration and magnitude of the
current application.5,6 The effects can last up to 90 minutes
after a stimulation of 13 minutes.6
Animal studies have demonstrated the development of
brain lesions underlying the cathode caused by high
intensity direct current stimulation and consequently safety
margins in animals have been described.7 The currents used
in humans (1-2 mA, 25-30 cm2 electrode, 20-30 minutes)
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are well below the currents required to induce lesions.
Magnetic resonance imaging has verified this, and no arguments have been revealed for structural changes in the brain
(edema, necrosis) caused by direct current stimulation.8 Electrophysiologic adverse effects have been ruled out as well.9
Possible side effects of tDCS are usually transient and
mild. They consist of a transient itching or tingling
sensation underneath the electrode, and headache and
fatigue are the most profound ones.10 Local burns at the
side of the anode can occur when high amplitudes are
used with insufficient moisturizing at the electrode site.11
Because the induced paresthesias are transient, tDCS is a
good tool to use in randomized controlled trials with a
sham study arm.12
The first 20th century study describing mood changes by
tDCS in humans, including three healthy participants and
29 patients with a mental disorder, was performed in the
early sixties13; whereas anodal (1 electrode) stimulation
resulted in increased cheerfulness, alertness, and talkativeness, cathodal (2 electrode) stimulation resulted in quietness and apathy. However, except one study, these results
were not replicated in later studies with healthy subjects
applying bifrontal or bioccipital stimulation.14,15 The only
study confirming mood effects of frontal stimulation in
healthy subjects was reported by Marshall et al.16 who
applied intermittent tDCS during sleep and wakefullness.
Recently a revival in research with tDCS is noted for the
treatment of mood disorders, indicating that direct current
stimulation can be beneficial as a treatment for patients with
a major depression.17-20 In addition to mood alterations, tDCS
has the potential to affect memory,16 visual perception21 and
the somatosensory system, including pain,22-25 as well as
motor function18,26,27,28 and cognitive processes.29-31 In this
study we wanted to take the possible asymmetry between
left and right prefrontal activity described in depression
and anxiety disorders into account,32 more specificly at the
dorsolateral prefrontal cortex (DLPFC) areas.33 The DLPFC
is part of a larger network implicated in depression consisting
of the amygdala, thalamus, and basal ganglia as well as the
subgenual, and dorsal anterior cingulate cortex, insula, and
other prefrontal areas,34-39 analogous to the network
described for dysthymia, a more common (6% prevalence)
but less severe chronic mood disorder.40 Hence, we used a
bifrontal stimulation design in which the cathode and
anode were simultaniously positioned at the DLPFC, respectively at the right and left side (F3 and F4 of the 10/20
International System).
Besides the bifrontal stimulation we implemented
another location for the tDCS electrodes, namely, at the
occipital area, which is covered by the greater occipital
nerve, a branch of the C2 nerve. The rationale was based on
a publication by Thimineur et al.41 In this study 12 patients,
having fibromyalgia, were implanted with an occipital
nerve stimulator at the level of the greater occipital nerve
(C2).41 The patients experienced an improvement in pain
scores and additional positive effects on their mood and
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fatigue. This might, of course, be correlated with the
decrease in pain scores, but it could also be an independent
effect caused by the stimulation.
Consequently, we hypothesized that tDCS may alter the
excitability of the greater occipital nerve by its capability
of altering the excitability of peripheral nerves.42
However, occipital tDCS might act on mood via another
mechanism as well. A 15H2O PET-scan study revealed
activity changes in remote brain structures, besides the
focal effects underneath the electrode.43 This might be
related to the existence of structural long-range connections in the brain. One of the most robust connections
exists between the frontal and occipital brain areas.44
Based on this connectivity, as well as the diffuse effects
of tDCS, we hypothesized that bioccipital tDCS might
influence mood-related structures. The main goal of this
study was to evaluate mood and behavioral effects of
tDCS in a very homogeneous group of healthy volunteers.
A design in which each patient received six different types
of stimulation was elected, including: three sessions of bifrontal stimulation (left sided, right sided, and sham stimulation) and three sessions of bioccipital stimulation (left
sided, right sided, and sham stimulation). The current
study design has the advantage of exploring tDCSinduced mood alterations related to different stimulation
sites inclusive of potential lateralization effects. In addition, participants were consequently asked about possible
side effects immediately after each session and before
each subsequent one to objectivate the safety of this neuromodulation technique.

Methods
Participants
Participants for this study were recruited among medical
students at the University of Antwerp, Belgium. Written
advertisements were posted around the campus with
contact information of the investigators. The interested
students could contact the investigators and were given all
the necessary explanation concerning the purpose and risks
of the study. Volunteers were screened by a physician and
excluded from participation when necessary, in compliance with the following criteria: (1) age between 21 and
25 years, (2) male sex, (3) not having significant physical
or mental ilness, (4) no history of substance abuse, (5) no
history of epileptic insults, and (6) drug free. Seventeen
healthy, drug-free male participants were included in the
study (age 21.47 6 0.91 years). None of the volunteers
ever participated in studies using tDCS, TMS, or other
forms of neuromodulation. This study was approved by the
Ethical Committee of the University Hospital Antwerp,
Belgium. All volunteers gave written informed consent. No
financial compensation was given. The purpose and design
of the study was clear to all participants.
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Study design
The study was designed as a single-center, randomized
placebo-controlled cross-over study. After enrollment and
giving informed consent, participants were randomized in
a counter-balanced manner into three study arms for
bifrontal stimulation and subsequently into three study
arms for bioccipital stimulation. For both stimulation
localizations the trial existed out of three similar stimulation conditions: (1) left cathodal/right anodal stimulation,
(2) right cathodal/left anodal stimulation and (3) sham
stimulation. The participants and investigator were blinded
for the tDCS conditions. tDCS was applied by a staff
member at the department, who was aware of the stimulation condition, but had no other involvement in the study
procedure. All participants completed the three different
forms of bifrontal stimulation, 16 of 17 participants
completed all three forms of bioccipital stimulation. One
participant stepped out of the study protocol after his fourth
stimulation, because of personal reasons, interfering with
the time schedule of the study.

Stimulation procedures
The participants underwent three sessions of bifrontal
stimulation (cathode left/anode right, cathode right/anode
left, and sham stimulation) and three sessions of bioccipital
stimulation (cathode left/anode right, cathode left/anode
right, and sham stimulation) with a minimum time interval
of 24 hours between each session. Bipolar tDCS was
delivered by a battery-driven stimulator (Mind Alive Inc.,
Edmonton, Alberta, Canada), with two conductive-rubber
electrodes, placed in saline-soaked sponges (5 3 7 cm). For
the bifrontal stimulation sets, the electrodes were positioned over the left and right DLPFC, consistent with
electrode coordinates F3 and F4 in the 10/20 International
System. For the bioccipital stimulation sets the electrodes
were positioned over the left and right occipital area, 2 cm
lateral of the inion, consistent with electrode coordinates
O1 and O2 in the 10/20 International System. The
placement of the cathode and anode of the tDCS depended
on the above mentioned randomization. For the sham
condition, the cathode was placed at the left side and the
anode at the right side at the frontal or occipital area
respectively. Skin resistance was reduced during stimulation by applying saline.
Real tDCS consisted of a current of 1.5 mA for 20
minutes, with stimulation current ramped up during the first
10 seconds of stimulation.
During sham stimulation the electrodes were placed
bifrontally or bioccipitally, respecting the randomization.
The direct current was delivered for 10 seconds, with the
same ramp up as during real stimulation. Afterward the
device was turned off. Sham tDCS lasted for 10 seconds,
the device was kept out of sight of the participant to keep
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the participant blinded. This sham procedure has shown to
be feasible.12

Ouctome parameters
In this study we wanted to evaluate the effects of bifrontal
and bioccipital tDCS on mood and behavior.
To evaluate mood changes, a set of self-reported
moodscales consisting of Subjective Units of Distress
(SUDS), shortened Profile of Mood States (POMS-32),
and the Positive Affect and Negative Affect Schedule
(PANAS) was used. To evaluate subjective changes in
behavioral activity the Behavioral Approach System and
Behavioral Inhibition System (BISBAS) was chosen. The
acquisition of these parameters was performed directly
prestimulation (baseline) and directly after each of the six
stimulation sessions. After each stimulation session and
before each subsequent one, the participants were questioned for possible sensations and adverse effects accompanying or following direct current stimulation to evaluate
the safety and invasiveness of this modulation technique.

Subjective units of distress (SUDS)
All partipants were asked to score their subjectively
experienced distress between 0 (meaning no distress) and
10 (meaning maximal distress).

Dutch shortened profile of mood states (POMS-32)
The shortened version of the profile of mood states consists
of 32 items of mood desciptors (e.g., sad) and is based on
the profile of mood states (POMS).45 The items are rated on
a five-point scale starting from 0 indicating a low level
(‘‘not at all’’) up to 4 indicating a high level (‘‘extremely’’)
to evaluate the current feelings. It measures five covarying
mood-factors (depression-rejection, anger-hostility, fatigueinertia, vigor-activity, and tension-anxiety).

Positive affect and negative affect schedule
(PANAS)
The positive affect and negative affect schedule (PANAS) is
a 20-item inventory that assesses two emotional dimensions, i.e., positive mood (10 items) and negative mood (10
items).46 The items are rated on a five-point scale, with
a rating of 1 indicating a low level (‘‘very slightly or not
at all’’) and a rating of 5 indicating a high level
(‘‘extremely’’) of a given mood.

Behavioral inhibition system–behavioral approach
system (BISBAS)
A behavioral approach system (BAS) is believed to regulate
appetitive motives, in which the goal is to move toward
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something desired. A behavioral avoidance (or inhibition)
system (BIS) is said to regulate aversive motives, in which
the goal is to move away from something unpleasant.47 Each
question of the 24-item questionnaire is rated on a four-point
scale with 1 indicating a high level (‘‘very true for me’’) and
4 indicating a low level (‘‘very false for me’’). BIS consists
of seven items, BAS of 13. BAS can be split-up in three
covarying factors: BAS Drive (four items), BAS Fun
Seeking (four items), and BAS Reward Responsiveness
(five items). Four items of the BISBAS are fillers.

Statistical analysis
All results were analyzed using the SPSS statistical software
for windows (version 15.0, SPSS, Inc., Chicago, IL). Before
analyzing the data, self-reported change percentages were
calculated. To calculate these percentages the prestimulation
scores were subtracted from the poststimulation scores
divided by the prestimulation scores. To test the effect of
stimulation condition on the self-reported change percentages, a repeated measure analysis of variance (ANOVA) was
conducted for respectively the three sessions (sham, anodal,
and cathodal) of bifrontal and bioccipital tDCS. We used
a Bonferroni correction for multiple comparisons when the
results obtained significance. An additional analysis was
performed to verify whether the obtained results survive
multiple comparisons when correcting for the different tests
using a multivariate repeated measure ANOVA including the
three sessions for all separate tests in one analysis for
respectively bifrontal and bioccipital tDCS.

Results
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Table 1 Mean scores (M) and standard deviations (SD) for the
baseline measurements for the SUDS, BISBAS, PANAS, and POMS
Baseline
SUDS
BIS
BAS
BAS Drive
BAS Fun Seeking
BAS Reward Responsiveness
PANAS
Negative affect
Positive affect
POMS
Depression
Fatigue
Tension
Anger
Vigor

M

SD

2.76
15.41
22.78
7.18
7.41
8.06

1.92
3.33
4.71
2.04
2.43
1.92

3.71
19.70

3.57
5.90

1.76
6.43
3.23
1.14
13.74

3.41
5.62
2.14
1.76
7.00

obtained for BAS (F(2,15) 5 4.33, P 5 0.03). Further analysis revealed that this effect could mainly be explained
because of the subscale BAS FUN (F(2,15) 5 12.48,
P 5 0.001). A pairwise comparison revealed that for
BAS FUN there was a difference between cathode left/
anode right and the sham session; however, there was no
difference with the cathode right/anode left condition
(which on itself did not differ significantly from sham stimulation). Both effects disappeared, however, when corrected
for multiple comparisons over the different tests. An overview of the results is given in Table 2.

Bioccipital tDCS
Descriptives
All 17 participants initially enrolled in the study
completed the three bifrontal stimulation sets. Sixteen of
17 participants completed the three bioccipital stimulation
sets. All the acquired data were entered in the analysis of
the group data. Table 1 shows the mean baseline scores
and standard deviations.

Observational
The blinded experimenter did not notice any significant
changes in mood or fatigue. During onset of the stimulation
subjects experienced a tingling or burning sensation at the
site of the electrodes. One subject reported nausea during
stimulation; however, this was during sham stimulation and
disappeared within 1 hour, without medical interference.

Frontal tDCS
The analyses yielded no significant effects for the SUDS,
BIS, PANAS, and POMS. Yet, a significant effect was

No significant results were obtained for the SUDS, BIS
BAS, negative affect of the PANAS, and the POMS.
However, the analyses yielded a significant effect for the
positive affect subscale of the PANAS (F(2,14) 5 3.93,
P 5 0.04). A pairwise comparison revealed that there
was a difference between the cathode left/anode right
condition and the sham session for positive affect.
However, there is no significant difference with the cathode
right/anode left condition (which on itself did not differ
significantly from sham stimulation). This effect disappeared when it was corrected for multiple comparisons
over the different tests. An overview of the results is given
in Table 3.

Discussion
Neither with bifrontal stimulation, nor with bioccipital
stimulation any profound alteration in mood or behavior
was demonstrated for both conditions (cathode left/anode
right versus cathode right/anode left). On the basis of the
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Table 2
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Mean change percentages and standard deviation for the SUDS, BISBAS, PANAS, and POMS for frontal tDCS

Stimulation condition
Sham
SUDS
BIS
BAS
BAS Drive
BAS Fun Seeking
BAS Reward Responsiveness
PANAS
Negative affect
Positive affect
POMS
Depression
Fatigue
Tension
Anger
Vigor

227.94
22.75
211.45a
21.31
24.07a
29.80

(20.29)
(28.41)
(29.22)
(1.38)
(23.41)
(25.48)

Cathodal r
Anodal l

Cathodal l
Anodal r

F (2,15)

P

230.88
211.00
21.60a,b
21.96
0.45a,b
0.00

222.06
35.73
4.03b
1.31
1.36b
0.00

1.12
2.08
4.33
1.19
12.48
0.88

0.35
0.16
0.03
0.33
0.001
0.44

(225.17)
(8.89)
(2.18)
(20.77)
(1.0)
(2.45)

(221.17)
(26.84)
(8.62)
(2.69)
(1.89)
(7.35)

229.41 (225.26)
3.36 (5.24)

234.11 (230.24)
9.66 (12.33)

249.41 (46.44)
26.72 (25.02)

1.54
0.73

0.25
0.50

24.28
217.21
235.29
8.65
22.66

24.99
234.45
236.76
22.87
12.20

213.55
242.49
245.59
27.67
21.74

0.60
0.93
0.28
1.06
0.33

0.56
0.42
0.76
0.37
0.72

(23.10)
(213.63)
(231.48)
(9.16)
(20.50)

(23.86)
(233.03)
(233.05)
(23.04)
(11.18)

(212.92)
(241.54)
(243.86)
(28.12)
(23.59)

The obtained significant effects did not survive correction for multiple comparisons over the different test.
a,b
Significant differences between sessions (Bonferroni correction for multiple comparison).

findings of this study, tDCS did not seem to be capable of
affecting mood in healthy male subjects.
These results are in line with a publication from 1968 on
tDCS and mood changes in healthy subjects that revealed
no significant results.48 A more recent publication by
Koenigs et al.25 reported similar findings. In this study, a
current of 2.5 mA was delivered for 35 minutes in 21
healthy participants with bifrontal electrodes placed at the
level of the orbitofrontal cortex (OFC) and one extracephalic electrode on the nondominant arm. They used the
POMS as an outcome parameter to observe variation in
mood, but statistical analysis yielded no significant results.
Table 3

Another recent publication in healthy participants applied
anodal stimulation of the left DLPFC and stated that this
electrode positioning has the ability of reducing the perception of pain unpleasantness and emotional discomfort that
accompanies the presentation of aversive pictures.14 Despite
these interesting results, the study did not evaluate the alterations in general mood state or behavior. But it has to be
noted that the stimulation with an intensity of 2.0 mA was
only applied during 5 minutes. Apart from bifrontal stimulation, anodal occipital stimulation was applied as well, but no
significant effect could be detected in reducing pain unpleasantness or discomfort nor in alteration of general mood.

Mean change percentages and standard deviation for the SUDS, BISBAS, PANAS, and POMS for bioccipital tDCS

Stimulation condition
Cathodal r
Anodal l

Sham
SUDS
BIS
BAS
BAS Drive
BAS Fun Seeking
BAS Reward Responsiveness
PANAS
Negative affect
Positive affect
POMS
Depression
Fatigue
Tension
Anger
Vigor

219.11
232.99
20.32
0.65
0.45
24.90

(14.36)
(240.42)
(23.24)
(1.35)
(0.93)
(20.29)

227.06 (222.77)
2.52a (4.35)
26.42
217.23
248.53
0.97
0

(25.37)
(214.79)
(245.50)
(1.02)
(23.49)

26.25
217.52
25.13
2.08
22.40
213.02

Cathodal l
Anodal r
(21.95)
(24.46)
(20.65)
(2.90)
(21.11)
(28.63)

217.50 (212.34)
210.71a,b (26.92)
6.06
226.82
232.81
8.18
12.96

(7.95)
(226.05)
(28.61)
(8.69)
(17.48)

F (2,14)

P

(1.36)
(227.56)
(5.27)
(4.38)
(20.03)
(20.33)

1.96
2.11
0.65
0.72
0.51
0.47

0.13
0.16
0.54
0.50
0.61
0.64

226.25 (221.64)
215.18b (213.45)

0.05
3.93

0.95
0.04

2.21
0.69
0.43
1.95
0.12

0.15
0.52
0.66
0.18
0.89

23.13
220.44
2.05
3.47
20.48
25.21

22.27
224.40
240.63
19.39
21.85

The obtained significant effects did not survive correction for multiple comparisons over the different test.
a,b
Significant differences between sessions (Bonferroni correction for multiple comparison).

(20.90)
(221.04)
(236.91)
(20.60)
(27.52)

Bifrontal and bioccipital tDCS
The only significant improvement in mood induced by
tDCS in healthy participants was described by Marshall
et al.16 The stimulation design consisted of the application
of two frontal anodes (F3 and F4 of the International
10/20 System) and two cathodes placed over the mastoid.
In contrast to the previously mentioned studies, stimulation
was applied intermittently (15 seconds on and 15 seconds
off) with a current density of 0.26 mA/cm2 during sleep
and wakefulness. Compared with sham stimulation, a significant decrease in depressive feelings was noted by the
Eigenschaftsw€
orterliste (EWL), a checklist describing
a subject’s mood in 15 dimensions, as well as an improvement of mood using the PANAS. Although significant alterations in mood could be detected, the stimulation procedure
was obviously different to the previously mentioned studies
(electrode placement, intermittent stimulation). This study
protocol only included male participants, similar to the
current study. This could be an interesting notion, because
it has been assumed that the efficacy of tDCS is influenced
by gender.49,50
In contrast to the absent or limited findings in recent
studies applying tDCS in healthy participants, remarkable
effects were obtained by the above mentioned study by
Lippold et al.13 in 1964. In the healthy subjects Lippold’s
cathodal (2) stimulation lead to quietness in two of three
subjects and to nausea and palor in the third subject. This
third subject was stimulated at 3 mA, which aggravated the
pain sensation of an already existing renal pain. Anodal (1)
stimulation was performed in two of three subjects, from
which one did not respond at all and from which the second
subject showed increased alertness. In contrast to the absence
of mood altering effects in healthy subjects, recent research
has demonstrated that frontal direct current stimulation can
provide as a treatment for patients with pathologic mood
states, such as a major depression.17-20 In other words, frontal
tDCS might not exert an effect on normal mood, but only in
pathologic mood states. In contrast to frontal tDCS, occipital
stimulation could not induce any significant alteration of
mood in patients with a major depressive disorder.19
The observations of Lippold et al.13 and recently published results suggest that tDCS induced mood changes
seem to be more profound in populations with pathologic
mood states than in subjects with normal mood. In other
brain stimulation approaches similar results are obtained.
TMS tends to have more pronounced effects for mood alteration in populations with pathologic mood states, compared
with healthy populations. High-frequency TMS of the left
DLPFC and low-frequency TMS of the right DLPFC
have shown to be effective in the treatment of patients
having clinical depression,51,52 hence changing pathologic
mood. In studies involving healthy volunteers, results in
mood changes are inconclusive. This counts for high
frequency TMS on the left DLPFC53,54 and low frequency
of the right DLPFC.55,56 A recent study applying repetitive
transcranial magnetic stimulation (rTMS) in combination
with affective priming also failed to reveal significant

459
mood changes in healthy subjects using the affective gono go task or visual analogue scale (VAS).57 This study
design was based on the observation that an activated brain
region can facilitate the effect of TMS.57 Even though no
significant effects were found, this hypothesis could be
a contributing factor to explain why neuromodulation techniques have more pronounced effects in pathologic mood
states, in which brain activity is different from subjects
without any mental disorder. Hypothetically, a more
balanced and stable activity of the brain in healthy subjects
might be more difficult to modulate.
The efficient therapeutic effects of TMS in depressive
disorders by stimulating the left DLPFC or inhibiting the
right DLPFC was one of the main motivations to explore
the laterality of tDCS. Without the use of an extracephalic
electrode, anodal and cathodal stimulation would be
simultaneously active at the the opposite hemispheres,
resulting in excitation of one hemisphere and inhibition
of the other at the same moment. This kind of stimulation
should accentuate the possible presence of lateralized brain
activity associated with mood, but this hypothesis could not
be proven by the current study.
An essential remark that has to be noted is, that despite
the promising results of TMS in the treatment of depressive
disorders, a limited respons rate of 50% has been observed
among various studies.58 Genetic polymorphisms are reported to be an important factor influencing the capacity
to respond to TMS59,60 and these interindividual patient
characteristics can also be a significant predictor for
tDCS efficacy in healthy subjects.61
The current study confirmed the inability of bioccipital
tDCS to provoke effects on mood in healthy subjects14 as
has also been shown in major depression.19

Safety
Using tDCS in healthy subjects requires it to be a safe
technique with minimal side effects. Different studies
investigated the safety of tDCS in healthy subjects and
patients. They all concluded that tDCS only provokes mild
side effects, when current stimulation guidelines (1-2 mA,
25-30 cm2 electrode, 20-30 minutes) were respected.
The side effects most often reported were a mild tingling
and itching sensation at the side of stimulation electrodes,
except for a moderate fatigue and headache.10 An important
caveat is that these sensations were also reported during
placebo stimulation, in which electrical current was turned
off after 30 seconds in one study.12 In line with these observations, the participants of this study did not declare any
serious side effects, except for a tingling feeling at the
side of the stimulation electrode.

Limitations
Although our results are similar to other recent studies,
some important remarks should be made.
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1. The time interval between different stimulation procedures varied inter- and intraindividually, but always
comprised minimal 24 hours to exclude carry-over effects.
2. Side effects were observed and inquired routinely,
but were not systematically assessed by a written
questionnaire.
3. The self-reporting mood scales that were used may lack
the sensitivity to identify limited changes in normal
mood. To detect even small changes in mood states,
the use of multiple questionnaires, with a high sensitivity might be interesting.62

Conclusion
In this study we attempted to change mood in healthy
subjects by using bifrontal and bioccipital tDCS with
simultaneous stimulation of the right and left hemisphere
with anodal and cathodal stimulation, respectively. This
design provided no profound changes in mood.
Four reasons can be proposed for these negative findings
in contrast to previous studies: (1) stimulation design
differences (stimulation location, duration, electrode size),
(2) participant characteristics (healthy versus psychiatric
clinical populations), (3) interindividual differences in
respons to tDCS, and (4) the lack of an appropriate
instrument to measure outcome.
This study confirms the safety of bilateral frontal and
occipital tDCS.

References
1. Parent A. Giovanni Aldini: from animal electricity to human brain
stimulation. Can J Neurol Sci 2004;31(4):576-584.
2. Bindman LJ, Lippold OC, Redfearn JW. The action of brief polarizing
currents on the cerebral cortex of the rat (1) during current flow and
(2) in the production of long-lasting after-effects. J Physiol 1964;
172:369-382.
3. Purpura DP, McMurtry JG. Intracellular activities and evoked potential changes during polarization of motor cortex. J Neurophysiol
1965;28:166-185.
4. Dymond AM, Coger RW, Serafetinides EA. Intracerebral current
levels in man during electrosleep therapy. Biol Psychiatry 1975;
10(1):101-104.
5. Nitsche MA, Paulus W. Excitability changes induced in the human
motor cortex by weak transcranial direct current stimulation.
J Physiol 2000;527(Pt 3):633-639.
6. Nitsche MA, Paulus W. Sustained excitability elevations induced by
transcranial DC motor cortex stimulation in humans. Neurology
2001;57(10):1899-1901.
7. Liebetanz D, Koch R, Mayenfels S, K€onig F, Paulus W, Nitsche MA.
Safety limits of cathodal transcranial direct current stimulation in rats.
Clin Neurophysiol 2009;120(6):1161-1167.
8. Nitsche MA, Niehaus L, Hoffmann KT, et al. MRI study of human
brain exposed to weak direct current stimulation of the frontal cortex.
Clin Neurophysiol 2004;115(10):2419-2423.
9. Iyer MB, Mattu U, Grafman J, Lomarev M, Sato S, Wassermann EM.
Safety and cognitive effect of frontal DC brain polarization in healthy
individuals. Neurology 2005;64(5):872-875.

Plazier et al
10. Poreisz C, Boros K, Antal A, Paulus W. Safety aspects of transcranial
direct current stimulation concerning healthy subjects and patients.
Brain Res Bull 2007;72(4-6):208-214.
11. Frank E, Wilfurth S, Landgrebe M, Eichhammer P, Hajak G,
Langguth B. Anodal skin lesions after treatment with transcranial
direct current stimulation. Brain Stimul 2010;3(1):58-59.
12. Gandiga PC, Hummel FC, Cohen LG. Transcranial DC stimulation
(tDCS): a tool for double-blind sham-controlled clinical studies in
brain stimulation. Clin Neurophysiol 2006;117(4):845-850.
13. Lippold OC, Redfearn JW. Mental changes resulting from the passage
of small direct currents through the human brain. Br J Psychiatry
1964;110:768-772.
14. Boggio PS, Zaghi S, Fregni F. Modulation of emotions associated with
images of human pain using anodal transcranial direct current stimulation (tDCS). Neuropsychologia 2009;47(1):212-217.
15. Koenigs M, Ukueberuwa D, Campion P, Grafman J, Wassermann E.
Bilateral frontal transcranial direct current stimulation: failure to replicate classic findings in healthy subjects. Clin Neurophysiol 2009;
120(1):80-84.
16. Marshall L, Molle M, Hallschmid M, Born J. Transcranial direct
current stimulation during sleep improves declarative memory.
J Neurosci 2004;24(44):9985-9992.
17. Costain R, Redfearn JW, Lippold OC. Controlled trial of therapeutic
effects of polarization of brain depressive illness. Br J Psychiatry
1964;110(469):786-799.
18. Fregni F, Boggio PS, Nitsche MA, Marcolin MA, Rigonatti SP,
Pascual-Leone A. Treatment of major depression with transcranial
direct current stimulation. Bipolar Disord 2006;8(2):203-204.
19. Boggio PS, Rigonatti SP, Ribeiro RB, et al. A randomized, doubleblind clinical trial on the efficacy of cortical direct current stimulation
for the treatment of major depression. Int J Neuropsychopharmacol
2008;11(2):249-254.
20. Loo CK, Sachdev P, Martin D, et al. A double-blind, sham-controlled
trial of transcranial direct current stimulation for the treatment of
depression. Int J Neuropsychopharmacol 2010;13(1):61-69.
21. Antal A, Nitsche MA, Paulus W. Transcranial direct current stimulation and the visual cortex. Brain Res Bull 2006;68(6):459-463.
22. Rogalewski A, Breitenstein C, Nitsche MA, Paulus W, Knecht S.
Transcranial direct current stimulation disrupts tactile perception.
Eur J Neurosci 2004;20(1):313-316.
23. Fregni F, Gimenes R, Valle AC, et al. A randomized, sham-controlled,
proof of principle study of transcranial direct current stimulation for
the treatment of pain in fibromyalgia. Arthritis Rheum 2006;54(12):
3988-3998.
24. Boggio PS, Zaghi S, Fregni F. Modulatory effects of anodal transcranial direct current stimulation on perception and pain thresholds in
healthy volunteers. Eur J Neurol 2008;15(10):1124-1130.
25. Rosen AC, Ramkumar M, Nguyen T, Hoeft F. Noninvasive transcranial brain stimulation and pain. Curr Pain Headache Rep 2009;
13(1):12-17.
26. Hummel F, Celnik P, Giraux P, et al. Effects of non-invasive cortical
stimulation on skilled motor function in chronic stroke. Brain 2005;
128(Pt 3):490-499.
27. Hummel FC, Heise K, Celnik P, Floel A, Gerloff C, Cohen LG. Facilitating skilled right hand motor function in older subjects by anodal
polarization over the left primary motor cortex. Neurobiol Aging
2009;31:2160-2168.
28. Fregni F, Boggio PS, Santos MC, et al. "Noninvasive cortical stimulation with transcranial direct current stimulation in Parkinson’s
disease". Mov Disord 2006;21(10):1693-1702.
29. Nitsche MA, Schauenburg A, Lang N, et al. Facilitation of implicit
motor learning by weak transcranial direct current stimulation of the
primary motor cortex in the human. J Cogn Neurosci 2003;15(4):
619-626.
30. Fregni F, Boggio PS, Nitsche M, et al. Anodal transcranial direct
current stimulation of prefrontal cortex enhances working memory.
Exp Brain Res 2005;166(1):23-30.

Bifrontal and bioccipital tDCS
31. Wassermann EM, Grafman J. Recharging cognition with DC brain
polarization. Trends Cogn Sci 2005;9(11):503-505.
32. Thibodeau R, Jorgensen RS, Kim S. Depression, anxiety, and resting
frontal EEG asymmetry: a meta-analytic review. J Abnorm Psychol
2006;115(4):715-729.
33. Grimm S, Beck J, Schuepbach D, et al. Imbalance between left and
right dorsolateral prefrontal cortex in major depression is linked to
negative emotional judgment: an fMRI study in severe major depressive disorder. Biol Psychiatry 2008;63(4):369-376.
34. Mayberg HS, Liotti M, Brannan SK, et al. Reciprocal limbic-cortical
function and negative mood: converging PET findings in depression
and normal sadness. Am J Psychiatry 1999;156(5):675-682.
35. Hamann S. Blue genes: wiring the brain for depression. Nat Neurosci
2005;8(6):701-703.
36. Keedwell PA, Andrew C, Williams SC, Brammer MJ, Phillips ML.
The neural correlates of anhedonia in major depressive disorder.
Biol Psychiatry 2005;58(11):843-853.
37. Milak MS, Parsey RV, Keilp J, Oquendo MA, Malone KM, Mann JJ.
Neuroanatomic correlates of psychopathologic components of major
depressive disorder. Arch Gen Psychiatry 2005;62(4):397-408.
38. Johnstone T, van Reekum CM, Urry HL, Kalin NH, Davidson RJ.
Failure to regulate: counterproductive recruitment of top-down
prefrontal-subcortical circuitry in major depression. J Neurosci
2007;27(33):8877-8884.
39. Korb AS, Cook IA, Hunter AM, Leuchter AF. Brain electrical source
differences between depressed subjects and healthy controls. Brain
Topogr 2008;21(2):138-146.
40. Ravindran AV, Smith A, Cameron C, et al. Toward a functional neuroanatomy of dysthymia: a functional magnetic resonance imaging
study. J Affect Disord 2009;119:9-15.
41. Thimineur M, De Ridder D. C2 area neurostimulation: a surgical treatment for fibromyalgia. Pain Med 2007;8(8):639-646.
42. Kiernan MC, Bostock H. Effects of membrane polarization and
ischaemia on the excitability properties of human motor axons. Brain
2000;123(Pt 12):2542-2551.
43. Lang N, Siebner HR, Ward NS, et al. How does transcranial DC stimulation of the primary motor cortex alter regional neuronal activity in
the human brain? Eur J Neurosci 2005;22(2):495-504.
44. Hagmann P, Cammoun L, Gigandet X, et al. Mapping the structural
core of human cerebral cortex. PLoS Biol 2008;6(7):e159.
45. McNair DM, Lorr M, Droppleman LF. Manual for the profile of mood
states. San Diego (CA): Educational and Industrial Testing Service; 1988.
46. Watson D, Clark LA, Tellegen A. Development and validation of brief
measures of positive and negative affect: the PANAS scales. J Pers Soc
Psychol 1988;54(6):1063-1070.
47. Carver CS, White TL. Behavioral inhibition, behavioural activation,
and affective responses to impending reward and punishment: The
BIS/BAS Scales. J Pers Soc Psychol 1994;67:319-333.

461
48. Sheffield LJ, Mowbray RM. The effects of polarization on normal
subjects. Br J Psychiatry 1968;114(507):225-232.
49. Kuo MF, Paulus W, Nitsche MA. Sex differences in cortical neuroplasticity in humans. Neuroreport 2006;17(16):1703-1707.
50. Chaieb L, Antal A, Paulus W. Gender-specific modulation of shortterm neuroplasticity in the visual cortex induced by transcranial direct
current stimulation. Vis Neurosci 2008;25(1):77-81.
51. Klein E, Kreinin I, Chistyakov A, et al. Therapeutic efficacy of right
prefrontal slow repetitive transcranial magnetic stimulation in major
depression: a double-blind controlled study. Arch Gen Psychiatry
1999;56(4):315-320.
52. Daskalakis ZJ, Christensen BK, Fitzgerald PB, Chen R. Transcranial
magnetic stimulation: a new investigational and treatment tool in
psychiatry. J Neuropsychiatry Clin Neurosci 2002;14(4):406-415.
53. Mosimann UP, Rihs TA, Engeler J, Fisch H, Schlaepfer TE.
Mood effects of repetitive transcranial magnetic stimulation of left
prefrontal cortex in healthy volunteers. Psychiatry Res 2000;94(3):
251-256.
54. Baeken C, Leyman L, De Raedt R, Vanderhasselt MA, D’haenen H.
Lack of impact of repetitive high frequency transcranial magnetic
stimulation on mood in healthy female subjects. J Affect Disord
2006;90(2):63-66.
55. Grisaru N, Bruno R, Pridmore S. Effects on the emotions of healthy
individuals of slow repetitive transcranial magnetic stimulation
applied to the prefrontal cortex. J ECT 2001;17(3):184-189.
56. Jenkins J, Shajahan PM, Lappin JM, Ebmeier KP. Right and left
prefrontal transcranial magnetic stimulation at 1 Hz does not affect
mood in healthy volunteers. BMC Psychiatry 2002;2:1.
57. Hoy KE, Enticott PG, Daskalakis ZJ, Fitzgerald PB. Can a behavioral
intervention enhance the effect of repetitive transcranial magnetic
stimulation on mood? Brain Stimul 2010;3(4):200-206.
58. Daskalakis ZJ, Levinson AJ, Fitzgerald PB. Repetitive transcranial
magnetic stimulation for major depressive disorder: a review. Can J
Psychiatry 2008;53(9):555-566.
59. Zanardi R, Magri L, Rossini D, et al. Role of serotonergic gene polymorphisms on response to transcranial magnetic stimulation in depression. Eur Neuropsychopharmacol 2007;17(10):651-657.
60. Bocchio-Chiavetto L, Miniussi C, Zanardini R, et al. 5-HTTLPR and
BDNF Val66Met polymorphisms and response to rTMS treatment in
drug resistant depression. Neurosci Lett 2008;437(2):130-134.
61. Cheeran B, Talelli P, Mori F, et al. A common polymorphism in the
brain-derived neurotrophic factor gene (BDNF) modulates human
cortical plasticity and the response to rTMS. J Physiol 2008;
586(Pt 23):5717-5725.
62. Baeken C, Leyman L, De Raedt R, Vanderhasselt MA, D’haenen H.
Left and right frequency repetitive transcranial magnetic stimulation
of the dorsolateral prefrontal cortex does not affect mood in female
volunteers. Clin Neurophysiol 2008;119(3):568-575.

