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Transcranial Direct Current Stimulation
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Background and objective: 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 1800,
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 of
this aims to review a basic technique of the instrument,
mechanism of action, and application in clinical researches
of tDCS.

Methods: 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. Some information was derived from transcranial
stimulation textbook.

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’s easy to use and
safe. And for the date, the outcomes of tDCS in clinical
researches are preferable with very little side effects.
Key words: Transcranial direct current stimulation, tDCS,
noninvasive brain stimulation, neurophysiologic technique.
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Topic/ Study Number of  Stimulation electrode Reference  Stimulation Results
Authors design subjects position electrode duration
position
Stroke
Fregni et al, 2005* RCT, 6 M1 Contralateral 20 min - Significant improvement in
crossover orbit motor performance.
Hummel et al, 2005%° RCT, 12 M1, hand area Contralateral 20 min Significantly improved hand function
crossover orbit
Hummel et al, 2006%° RCT, " M1 of the affected  contralateral 20 min Significantly shortened
crossover hemisphere supraorbital reaction times and improved pinch force.
Boggio et al, 2007% RCT 9 M1 (hand area) of the Contralateral 20 min - Significant motor function improvement.
affected (anodal) or  supraorbital (p = 0.009)
unaffected (cathodal) area - Significant effect with daily sessions.
hemisphere (p <0.0001)
- No cumulative effect with weekly sessions.
Hesse et al, 2007 Pilot 10 C3/C4 Contralateral 7 min - Significant arm function
study, orbit improvement in 3 patients.
opened - Aphasia improved in 4 patients.
label - Little changed arm function in 7 patients.
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Topic/ Study Number of  Stimulation electrode Reference  Stimulation Results
Authors design subjects position electrode duration
position
Monti et al, 2008%° RCT 8 Experiment 1: left  right shoulder 10 min - Significant improvement in picture naming
frontotemporal areas after cathodal tDCS (p=0.002)
(Broca’s region) - Anodal tDCS and sham tDCS failed to
Experiment 2: induce any changes
occipital areas (2 cm - No significant effect of tDCS over the
over the inion) occipital area.
Jo et al, 2009% RCT, 10 Left DLPFC Right 30 min - Significant improvement of recognition
crossover supraorbital accuracy (P < 0.05)
- Not difference in response time.
Celnik et al, 2009’ RCT, 9 ipsilesional M1 contralateral 20 min  Combined PNS and tDCS significantly
crossover supraorbital improved the performance of a motor
sequence task. (P < 0.05)
Kang et al, 2009* RCT, 10 Left DLPFC N/A 20 min - Significant improvement in
crossover response accuracy
(P<0.05)
Baker et al, 2010% RCT 10 Left frontal cortex  Right 20 min  Significantly improved naming accuracy
depended on fMRI  shoulder (P <0.04)
Pain
Fregni et al, 2006™ RCT 17 M1 Contralateral 20 min  Significant pain improvement
orbit (P <0.05)
Fregni et al, 2006® RCT 32 M1, DLPFC Contralateral 20 min  Significant pain improvement in
orbit fioromyalgia. (P < 0.0001)
Roizen-blatt et al, RCT 32 Left M1 or DLPFC  Contralateral 20 min - M1 stimulation significantly increased
2007% supraorbital sleep efficiency (P = 0.004) and decreased
area arousal (P =0.001)
- DLPFC stimulation significantly decreased
in sleep efficiency (P = 0.02), increased
in rapid eye movement (P = 0.0002) and
increased in sleep latency (P = 0.02)
Boggio et al, 2009*" RCT, 8 C3/C4 contralateral 30 min  Significant pain reduction.
crossover supraorbital (P =0.006)
Fenton et al, 2009% RCT, 7 M1 dominant N/A 20 min  Modest pain reduction in refractory chronic
crossover hemisphere pelvic pain.
Antal et al, 2010% RCT 23 Left M1 Contralateral 20 min  Significant pain improvement.
supraorbital (P <0.05)
Mori et al, 2010 RCT 19 C3/C4 Supraorbital 20 min  significant pain improvement.
contralateral to contralateral (P <0.05)

somatic painful area

to stimulated
motor cortex.

Electrode position refers to the international 10/ 20 system. M1=primary motor cortex; S1=primary
somatosensory cortex; DLPFC=dorsolateral prefrontal cortex. Reference electrode = electrode is functionally inefficient, Polarity: A=anodal tDCS;
C=cathodal tDCS; S= sham tDCS, DLPFC = dorsolateral prefrontal cortex, N/A = not available
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