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Background: Transcranial direct current stimulation (tDCS) was a neurophysiologic technique using weak electrical currents
(1-2 mA) to modulate the activity of neurons in the brain. It was discovered in the 1960s, and then reintroduced by the
reasonably well-controlled experiments 12 years ago. They suggested that electrodes placed on the head can produce
noticeable neurological changes depended on the current direction.

Objective: To review a basic technique of the instrument, mechanism of action, and application in clinical researches of tDCS.
Material and Method: The tDCS studies were thoroughly reviewed in MEDLINE database using the key words “Transcranial
direct current stimulation, tDCS, noninvasive brain stimulation, neurophysiologic technique” from 1998 to 2010.

Results: The basic technique of the instrument, mechanism of action, application in clinical researches such as stroke, pain
syndrome and craving; safety, side effect, and precaution of tDCS are described.

Conclusion: tDCS study is rapidly increasing and accepted as a noninvasive technique. It is easy to use and safe. The

outcomes of tDCS in clinical researches are preferable with very little side effects.
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Transcranial direct current stimulation (tDCS)
is the application of weak electrical currents (1-2 mA)
to modulate the activity of neurons in the brain-2.
It was first described 50 years ago in animal studies
and reintroduced as a non-invasive brain stimulation
technique to alter cortical activity in human 12 years
ago®),

Studies combining tDCS with functional
magnetic resonance tomography, positron emission
tomography and electroencephalography promise to
provide invaluable insights on the correlation between
modifications of behavior®. In addition, tDCS is
useful in clinical treatment in stroke, migraine, pain
syndrome, and craving.

The aim of this article is to propose guidelines
on how to perform tDCS safely and effectively.
Because many laboratories have just started using
this technique, it is necessary to stratify stimulation
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protocols to enhance comparability of research results.
So we describe about the instrument and mechanism
of action, the application of tDCS in clinical researches,
safety, side effect and precaution of tDCS.

The instrument and mechanism of action

There are two essential components in tDCS
device, the first is power supply and the second
are electrodes®. The power supply is nine volts of
direct current, which delivers via a pair of surface
conductive electrodes®. To decreasing the impedance,
the electrodes should be covered with saline or gel
soaked sponges®. The proper size for the electrodes,
which are suited for a constant current density and
focality, are 25-35 cm*?®. The proper current density
delivered is between 0.029 and 0.08 mA/cm*®.

The anode is defined as the positively
charged electrode, whereas the cathode is the
negatively charged one®. Current flows from the
cathode to the anode®. The effects that occur at
anode and cathode electrodes are different. Anodal
stimulation in animal models has shown that it
increases excitatory neuronal firing rates while cathodal
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decreases them®. These results were confirmed in
human. Initial studies in humans found that anodal
stimulation was suggested to diminish depressive
symptom®, while cathodal stimulation reduced manic
symptom®. The mechanisms of actions proved that
cathodal stimulation decreases the resting membrane
potential and therefore, hyperpolarized neurons?.
Whereas anodal stimulation is located near the cell
body or dendrites causes depolarization by increasing
resting membrane potentials and spontaneous
neuronal discharge rates!'”. In general, studies in
human showed that the stimulation electrode is usually
the anode and is placed on the target area such as
motor (M1), central (C3 or C4), or frontal (F3 or F4)
area. The reference electrode is usually placed on an
extracephalic area such as contralateral supraorbital
area or shoulder®. The locations of electrodes
placing usually followed the international 10-20
electroencephalographic system as shown in the
Fig. 1 and 2.

Current density of tDCS

The proper current density delivered is
between 0.029 and 0.08 mA/cm*?. The higher current
density, the longer lasting, stronger and deeper cortical
neuron stimulation®!"'?. However, it might be painful
because of the increasing current density. This will
increase cutaneous pain sensation®.

Direction of the current

tDCS with the anode placed over the primary
motor cortex and the cathode over the contralateral
orbit causes anterior-posterior direct current flow and
increases excitability of motor system (Fig. 1). Whereas
the reversed electrodes with the cathode over the
primary motor cortex cause a posterior-anterior current
flow and reduced excitability®.

The relationship between the duration of stimulation
and the lasting effect

When tDCS was applied for four seconds, it
will not elicit after effect'?. The stimulation duration
for 10 minutes caused one hour lasting effect (or we
can call short-lasting after effect)!®. When the
stimulation last for one hour or more, it caused 48 hours
to one week lasting effect (or we can call long-lasting
after effect)'®. Breaking between the stimulation
sessions should be based on lasting effect. Therefore,
four seconds of stimulation should have a break for 10
seconds'?, 10 minutes of stimulation, break one hour"®
and one hour stimulation, break one week. This is
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Fig. 1

Transcranial direct current stimulation and 10-20
international electrode placements. A = Nine volts
of direct current power supply, B = Stimulation
electrode position: M1, motor area between F3
and C3 and C = Reference electrode position on
contralateral supraorbital area

Transcranial direct current stimulation and 10-20
international electrode placements. A = Nine volts
of direct current power supply, B = Stimulation
electrode position on M1, motor area between F3
and C3 and C = Reference electrode position on
contralateral shoulder.

sufficient!®. If the aim is to induce more stable changes
in cortical function, repeated daily tDCS sessions may
be adequate®.

The application of tDCS in clinical researches

tDCS is also useful in clinical treatment in
stroke®?1"?9_ pain syndrome®’3® and craving®’-3?
(Table 1). The results of treatment were tentatively
favorable but there were still insufficient amount of
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studies and number of subjects in each study.
Furthermore, the mechanisms of actions of tDCS in
each disease are still unknown. Therefore, further
studies in clinical and basic neuroscience are needed.

The safety and side effect of tDCS

There have been no serious adverse events
with tDCS. The studies used tDCS current density up
to 0.029 mA/cm? and the stimulation duration up to
13 minutes. Those did not cause heating effects under
the electrode®. In addition, it also did not elevate serum
neuronal specific enolase level"'?, a sensitive marker
of neuronal damage!'”. Additionally, there was no
changes of EEG activity, or cognitive distortion!'®.
Because tDCS neither causes epileptic seizures nor
reduces the seizure threshold in animals'”, seizures
do not appear to be a risk for healthy subjects®. The
studies were tested in more than 3,000 subjects in
laboratories worldwide. They did not show serious
side effect except for a slight itching under the
electrodes, and seldom-occurring headache, fatigue
and nausea"”. Skin irritation appears sometime
under the electrodes in some patients, when the
treatment is repeated daily with a current density about
0.06 mA/cm?@. Tissue damage might be occuring in a
small electrode!'®.

Precaution

tDCS should be considered for brainstem or
heart nerve stimulation, while delivering current to
healthy subjects via bifrontal electrodes. One case had
respiratory and motor paralysis with cramping of the
hands, accompanied by nausea after treatment.
There was no loss of consciousness, and respiration
returned when the current was stopped. The subject
was not hospitalized, but had impaired fine motor
control lasting for two days and eventually returned to
normal". The current flow might be focused in skull
defect, foramen, open fontanels, or fissures®. Subjects
should be free of unstable medication, metallic implants
near the electrodes and electrodes above mastoids
because they stimulate the vestibular system and
might induce nausea®.

Conclusion

Transcranial direct current stimulation was
reintroduced 12 years ago. It is an effective and non-
invasive tool for studying basic science and therapeutic
uses. There were reports of the therapeutic outcomes
in stroke, pain syndrome, and craving. However, it is
also important to underscore that tDCS research is in

J Med Assoc Thai Vol. 94 No. 4 2011



its early stages and therefore the further studies might
change some of the current concepts.
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