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tDCS: A methodology on the move 

Å460 PubMed ƳŀƴǳǎŎǊƛǇǘǎ ǿƛǘƘ ƪŜȅǿƻǊŘǎ άtranscranial direct 
ŎǳǊǊŜƴǘ ǎǘƛƳǳƭŀǘƛƻƴέ 

Å136/460 (29.6%) manuscripts published in the last 12 months  
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tDCS: What’s trending in 2010/11? 

ÅCognitive Neuroscience 
ïFrontal lobe functions 

ïLanguage 

ïMotor learning 

ïCognitive enhancement 

ÅClinical Applications 

ïStroke rehabilitation 

ïDepression 

ïPain 



Frontal lobe functions 

ÅFregni et al. 2005 
ïLeft DLPFC 
ï1 mA x 10 min 
ïAnodal vs Sham 
ï3-back task 

 

Working memory 

Fregni et al., 2005 



Frontal lobe functions 

Inhibition, Impulse Control, Behavioral Control 

JOCN, 
2011 

2011 



Frontal lobe functions 

Inhibition, Impulse Control, Behavioral Control 
Goldman et al., 2011 
Å 19 subjects with cravings 
Å VAS of food craving and 

ability to resist 
Å Anode right; cathode left PFC 
Å 2.0 mA x 20 min or Sham 



Language 

De Vries et al., JOCN, 2009 

Å tDCS: Faster naming 

 (e.g. Sparing et al.,2007) 
 

Å tDCS: Improved 

acquisition of novel names  

 (Flöel et al., 2009) 

Å tDCS: Increased verbal 

fluency  

 (Iyer et al 2005) 
 

Å tDCS: Better acquisition of 

grammar   

 (de Vries et al, 2009) 
 

 



Å Liuzzi et al., 2011 
ï30 subjects 

ïNovel action 
word training 

ï1 mA x 15 min 

ïCathodal effect 

ïDLPFC site & 
Object word  
control 
conditions NS 

Language 

Motor Cortex in  
Action Word Learning 



Motor learning 



Cognitive enhancement 

     Cohen Kodosh et al. (Current Biol., 2011) 

ï 6 Days training with artificial number symbols 

ï Biparietal stimulation (RA-LC vs RC-LA) vs sham 

ï  Numeric Stroop & Number-to-space tasks 

ï Enhanced acquisition of number-space 
relationship after RA-LC stimulation 

ï Persistent effects 6 months later 

Facilitation of “Numerical Competence” 



Temporal lobes and cognitive 
enhancement 
Manipulation of semantic 
processing with tDCS has been 
linked to multiple enhancements 
associated with stimulation of 
the anterior temporal lobes.  



Stroke rehabilitation: aphasia 

Anodal tDCS (1mA, 20 minutes for 5 days) to the left frontal lobe resulted in improvements 
in naming accuracy among 10 patients with left hemisphere strokes and chronic aphasia  

Baker et al., 2010 



Å 12 chronic poststroke fluent aphasia patients 
Å Randomized, double-blind, sham-controlled crossover trial 
Å Anodal vs cathodal vs sham tDCS of temporo-parietal cortex  
Å Paired with short-term high-frequency anomia training. 
Å Naming outcome assessed after training and 2 weeks later 

Stroke rehabilitation: aphasia 



Paresis 

Stroke rehabilitation: paresis 

Å 20 chronic stroke patients 

Å  5 consecutive sessions 
anodal-
ipsilesional/cathodal-
contralesional tDCS over 
M1 or sham  

Å Simultaneous PT/OT 

Å Outcome measures: 
changes in Upper 
Extremity Fugl-Meyer & 
Wolf Motor Function Test 

Å fMRI used to identify 
neural correlates of 
motor improvement 

Lindenberg et al.  
(Neurology, 2010) 



Depression 
Journal of European Psychiatry, 2011 

Å 23 patients with major depressive 
disorder or bipolar disorder 

Å tDCS for 5 days, two sessions/day 

Å 2.0 mA x 20 min per session  

Å Anodal L-DLPFC, Cathodal R-
DLPFC 

Å Measured HAM-D and MADRS 
scores 

Å Three time-points: T0 (baseline), 
T1 (endpoint tDCS) and T2 (end 
of the first week of follow-up). 



Depression Contemporary Clinical Trials, 2011 

Å Enrolling 120 subjects 



Pain 

Å Refractory orofacial pain 
 Antal & Paulus, 2010 

 
Å Neuropathic pain in SCI 
 Soler  et al., 2010 

 
Å Fibromyalgia 
 Mendonca et al., 2011 

 
Å Migraine 
 Antal et al., 2011 

 
Å Post-Procedural Pain 
 Borckardt et al., 2011 

 

Numerous recent 
small studies: 

Å 21 patients hospitalized overnight for ERCP for 
unexplained right upper quadrant pain.  

Å Cathodal tDCS over sensorimotor cortex, 20 
min x 2.0 mA, immediately after ERCP.  

Å 22% reduction in narcotic use in first 24 hours 

Hydromorphone use after Endoscopic Retrograde 
Cholangiopancreatography (ERCP) and tDCS 
 



Converging methodologies 
fMRI 
Å Block design: 20s tDCS on/20s tDCS off  
Å 1 mA  anodal and cathodal stim over the left M1 

at rest and during finger tapping (FT).  
Å No detectable BOLD signal change during rest.  
Å Decreased BOLD in SMA only during Anodal-FT 
Å Results may reflect difference between  MEPs 

and BOLD as indicators of neural activity  

Antal et al. (NeuroImage, 2011) 



Converging methodologies 

ÅZaehle et al., 2011 

ï16 subjects 

ïLeft DLPFC/1 mA x 15 min   

ï2-back task 

ïEvent-related spectral 
pertubation 
ÅAnodal:  č ɗ & Ŭ  

ÅCathodal:  Ď ɗ & Ŭ  

EEG/ERP 



Converging methodologies 

Prefrontal hemodynamic changes produced 
by anodal direct current stimulation 

Change in Oxyhemoglobin fNIRS 

Mertzagora et al. (NeuroImage, 2010) 



Conclusions 
Å Despite limited spatial resolution, 

tDCS studies are increasingly being 
used for investigations of structure-
function relationships in the brain. 
 

Å Owing to its ease of use and safety 
profile tDCS is being investigated 
increasingly for diseases across 
various disciplines that are thought to 
have a cortical component. 

 
Å Future studies will combine 

technologies tovalidate tDCS effects, 
elucidate mechanisms of brain 
stimulation, & provide converging 
methodologies to strengthen 
investigations. 



 


