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Clinical Applications of Transcranial Direct Current Stimulation in

Neurological Disorders

Sa-Yoon Kang, MD

Department of Neurology, Jeju National University School of Medicine, Jeju, Korea

Transcranial direct current stimulation (tDCS) is non-invasive brain stimulation technique increasingly used for modulation

of central nervous system excitability in humans. The use of non-invasive brain stimulation has significant advantages, such

as not involving surgical procedures and having relatively mild adverse effects. In recent years there has been an exponential

rise in the number of studies employing tDCS as a means of gaining an improvement on motor and cognitive function in

patients with neurological diseases. In the present review, we will first introduce a brief background on the basic principles of

tDCS. We also summarize recent studies with tDCS that aimed at enhancing behavioral outcome or disease-specific

symptoms in patients suffering from stroke, movement disorders, Alzheimer disease, and epilepsy. Although outcomes of

tDCS trials include some conflicting results, the evidence supports that tDCS might have a therapeutic value in different

neurological conditions.
] Korean Neurol Assoc 35(2):63-71, 2017
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Table. Lists of studies assessing the effects of tDCS in different neurological diseases
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Number of . . . Stimulation polarity and Reference Current strength and
Author . Trial type Modality examined .. o .
subject electrode position electrode position duration
Mild cognitive impairment and Alzheimer’s disease
Ferrucci et n=10 Randomized Episodic memory atDCS vs. ctDCS vs. sham, Deltoid muscle 1.5 mA, 15 min
al.”’ controlled cross over temporoparietal
over area
Boggio et al.® n=10 Randomized Episodic memory, atDCS over left DLPFC vs. Right 2 mA, 30 min
controlled cross WM, attention atDCS over left supraorbital
over temporal cortex
Boggio et al” n=15 Randomized Episodic memory, atDCS over bilateral Deltoid muscle 2 mA, 30 min
controlled cross WM, attention temporoparietal area
over
Movement disorders: dystonia and Parkinson’s disease
Fregni et al* n=17 Randomized Motor function atDCS over M1 or DLPFC  Contralateral 1 mA, 20 min
controlled cross orbita
over
Boggio etal.” n=18 Randomized WM atDCS of the left DLPFC  Contralateral 1vs.2mA,
controlled cross vs. atDCS of M1 orbita 20 min each
over
Benninger et n=25 Randomized Speed of gait, the Alternatively over M1 and Mastoid 2 mA, 20 min
al.™ controlled UPDRS prefrontal cortex
between subject
Buttkus et n=9 Randomized Musician’s dystonia atDCS or ctDCS over M1 Right 2 mA, 20 min
al.” controlled cross supraorbital
over
Young et al" n=10 Open-label trial Muscle activity, MTA  ctDCS over M1 of most Contralateral 1 mA, 2 x 9 min,
affected hand M1 20 min interval

Epilepsy
Fregni et al* n=19 Between subject, Number of
randomized epileptiform
discharge
Varga et al.” n=5 Not controlled Continuous
epileptiform
activity
Post-stroke rehabilitation
Fregni et al.” n=6 Randomized JTIT
controlled cross
over
Hummel et =6 Randomized JIT
4“4
al. controlled cross
over
Hesse et al.* n=10 Open pilot, no UE-FMS
control
Monti et al.”’ n=8 Randomized Overt picture naming
controlled cross
over

ctDCS over epileptogenic

focus

ctDCS during sleep over
the epileptic focus

atDCS over ipsilesional M1

atDCS over affected M1

atDCS over M1

atDCS vs. ctDCS over left
frontotemporal area

Silent area

Area of peak
positivity

Contralateral
orbita

Contralateral
orbita

Contralateral
orbita

Contralateral
orbita

1 mA, 20 min

1 mA, 20 min

1 mA, 20 min

1 mA, 20 min

1.5 mA, 7 min

2 mA, 10 min
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Table. Continued
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Number of . . . Stimulation polarity and Reference Current strength and
Author . Trial type Modality examined .. . .
subject electrode position electrode position duration
Kim et 31,4l n=18 Randomized FMS, Barthel index atDCS over ipsilesional Contralateral 2 mA, 20 min
controlled M1, c¢tDCS orbita
between subject contralesional M1
Lindenberg n=20 Randomized UE-FMS, Wolf motor Dual tDCS: atDCS over Dual 1.5 mA, 30 min
et al.50 controlled function test lesioned, ctDCS over
between subject contralesional
Baker et al.>} n=10 Randomized Overt picture naming  atDCS over left inferior Contralateral 1 mA, 20 min
controlled cross frontal cortex orbita
over
Floel Baker n=12 Randomized Overt picture naming  atDCS vs. ctDCS over right Contralateral 1 mA, 20 min
etal™ controlled cross temporoparietal area orbita
over
Fridriksson =8 Randomized Overt picture naming  atDCS over left inferior Contralateral 1 mA, 20 min
etal™ controlled cross frontal cortex orbita
over
Kumar et al.47 n=14 Randomized Dysphagia severity atDCS over sensorimotor Contralateral 2 mA, 30 min
controlled scale swallowing area orbita
between subject
Bolognini et n=14 Randomized JTT, hand grip Dual tDCS: atDCS over Dual 2 mA, 40 min
al’! controlled strength, FMS lesioned, ctDCS over
between subject contralesional
Stagg et al? n=13 Randomized Visually cued atDCS over ipsilesional M1 Contralateral 1 mA, 20 min
controlled cross response time, grip vs. ctDCS over orbita
over force contralesional M1
Yang et al® n=16 Randomized Functional dysphagia  atDCS over sensorimotor ~ Contralateral 1 mA, 20 min
controlled scale swallowing area orbita
between subject
Wu et al® n=90 Randomized Modified Ashworth ctDCS over ipsilesional M1 Contralateral 1.2 mA, 20 min
controlled scale, FMS, Barthel shoulder
between subject index
Rossi et a1.42 n=50 Randomized NIHSS score, FMS atDCS over ipsilesional M1 Contralateral 2 mA, 20 min
controlled orbita

between subject

tDCS; transcranial direct current stimulation, atDCS; anodal tDCS, ctDCS; cathodal tDCS, M1; primary motor cortex, WM; working memory, MTA;
motor tracking ability, UPDRS; Unified Parkinson Disease Rating Scale, DLPFC; dorsolateral prefrontal cortex, UE; upper extremity, FMS;
Fugl-Meyer Score, NIHSS; National Institutes of Health Stroke Scale, JTT; Jebson Taylor Test of Hand Function
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Figure. Effects of timing of A-tDCS in relation to motor training
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sessions. Depicted is the relation of anodal tDCS sessions to training
sessions in the time domain. (A) A-tDCS application before training
has decreased effect in early motor performance. (B) Simultaneous
A-tDCS and training promotes improvement in motor performance
and motor learning. (C) A-tDCS application after training promotes
improvement in early motor performance. (D) A-tDCS application
without training promotes improvement in early motor performance,
but has no effect in delayed performance. The effect on early and
delayed motor performance of each stimulation is shown (-; decrease,
=; unchanged, +; increase, ?; not investigated). A-tDCS: anodal
transcranial direct current stimulation.
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