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Editorial
Transcranial direct current stimulation (tDCS) is a technique
developed more than fifty years ago [1]. tDCS acts modulating the
excitability of a targeted brain area by altering neuronal membrane
potentials, consequently modifying the brain circuitries related to the
targeted areas [2,3]. tDCS has been recently considered as a potential
non-invasive tool for neuromodulation due to its ability to promote
cortical changes, reflecting on changes in motor and cognitive
functions [3-7].
tDCS works applying a small electrical current across a particular
region of the brain. This is usually done non-invasively via two small
electrodes placed on the scalp [1,3,5-7]. tDCS could be used to treat
patients who had suffered some type of neurodegeneration, such as
Alzheimer’s or Parkinson’s disease [8]. Thus, tDCS has gained public
attention due its reported capability to improve motor and cognitive
abilities for these patients [9].
In line with this, research has shown evidence that stimulating
specific regions associated with certain mental functions or
mechanisms can deliver a temporary improvement in using those
functions [7]. The main reason for the use of this promising technique
in improving human cognitive and motor performance is its ability to
foster lasting effects [3]. This is due to neuroplasticity, the ability that
human brain has to adapt itself by demands of any nature imposed
upon him, and the use of tDCS with duration and sufficient magnitude
of current can cause lasting changes in the brain [9].
Currently, few studies have been conducted on tDCS for PD and
AD. For instance, Fregni et al. [10] analyzed the effects of a single
session of tDCS applied to the left dorsolateral prefrontal cortex
(DLPFC) and primary motor cortex (M1) in PD patients who did not
take medication. The study showed that the anodal tDCS applied to
M1 resulted in a significant improvement of motor functions in PD as
evidenced by the simple reaction time and motor scores of the Unified
Parkinson's Disease Rating Scale (UPDRS) compared with the shamtDCS. These effects were specific for the polarity of tDCS, while the site
of stimulation, such as cathodal stimulation in M1 and anodal
stimulation in DLPFC induced small effects, which were not
significantly different from placebo stimulation. Moreover, the effects
of tDCS were associated with an effect dependent on the motor
polarity corticospinal excitability in PD patients: while anodal
stimulation resulted in a strong increase in the corticospinal
excitability, cathodal stimulation decreased slightly. In another study,
Boggio et al. [11] assessed the working memory in patients with PD.
The results showed a significant improvement in working memory in
accordance with the accuracy observed in task execution after
application of anodal tDCS to the left DLPFC at 2 mA. The other
stimulation conditions: sham-tDCS, anodal tDCS applied to the left
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DLPFC with 1 mA or anodal tDCS applied to the M1 with 1 mA did
not result in a significant change in the task performance. These results
suggest not only a specific site for tDCS application, but also the
specificity of the applied current dose, i.e., 1 mA vs 2 mA. More
recently, Doruk et al. [12] examined the immediate and long-term
effects of 10 consecutive sessions of tDCS applied to the right DLPFC,
left DLPFC or sham on cognitive functions, depressive symptoms and
motor functions from 18 PD patients. The findings revealed that
anodal-tDCS of both left and right DLPFC resulted in prolonged
improvements in executive function, compared to sham-tDCS at the 1month follow-up.
The experiment of Ferrucci et al. [13] examined to whether anodal
tDCS applied to the temporoparietal cortex (TPC) could improve
recognition memory in 10 patients with mild AD. Anodal-, cathodaland sham-tDCS were applied to TPC bilaterally into 3 different
sessions using as protocol 15 min at 1.5 mA, with at least 1 week
among each application. Anodal-tDCS significantly enhanced
recognition memory, while the cathodal-tDCS significantly decreased
the accuracy of word recognition task. In an elegant study, Boggio et al.
[14] investigated the effects of the anodal-tDCS applied to both left
temporal cortex (TC) and DLPFC or sham-tDCS for 30 min at 2 mA
on the recognition memory, working memory and selective attention
in patients with mild to severe AD. The sessions complied with 48
hours interval among them, and the patients were assessed at each
session starting 10 min after onset of stimulation and extending to the
end of it. The anodal-tDCS applied to the TC and DLPFC resulted in
significant improvement in visual recognition memory, however, no
effect was observed in the working memory.
Despite the positive findings, these studies have some limitations.
The first limitation, the question whether the effects were longstanding
were not measured, and furthermore, any behavioral assessment was
not carried out to verify whether the observed effects are clinically
relevant. Another point to consider is the fact that working memory
was measured by a digit task more suited to assess attention than
memory. More specifically in AD, characterized by decreased synaptic
plasticity, which eventually leads to failure in certain plasticity
mechanisms [15] and an abnormal hypoplasticity state [16], the tDCS
becomes particularly relevant and intriguing, since it can allow
facilitation of neuronal plasticity by induction of long-term effects.
tDCS seems to be a potential noninvasive brain stimulation
technique to treat patients with AD and PD. Few studies were
conducted but showed positive effects and provided initial evidence
about the effects of tDCS for improvement of certain cognitive
function and the delay in disease progression. However, some variables
and certain parameters should be taken into account, such as current
intensity (mA), duration of session, electrode size (cm2), current
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density (mA/cm2) and total load (intensity/electrode size) and to assess
effects under different contexts, for example, period ON or OFF
medication. Therefore, further studies should be conducted.

8. Kuo MF, Paulus W, Nitsche MA (2014) Therapeutic effects of non-invasive
9.

References
1. Guleyupoglu B, Schestatsky P, Edwards D, Fregni F, Bikson M (2013)

2.

3.
4.
5.

6.

7.

Classification of methods in transcranial electrical stimulation (tES) and
evolving strategy from historical approaches to contemporary innovations.
J Neurosci Methods 219: 297-311.
Levasseur-Moreau J, Brunelin J, Fecteau S (2013) Non-invasive brain
stimulation can induce paradoxical facilitation. Are these
neuroenhancements transferable and meaningful to security services?
Front Hum Neurosci 7: 449.
Nitsche MA, Paulus W (2011) Transcranial direct current stimulation:
update 2011. Restor Neurol Neurosci 29: 463-492.
Nitsche MA, Paulus W (2000) Excitability changes induced in the human
motor cortex by weak transcranial direct current stimulation. J Physiol 527
Pt 3: 633-639.
Nitsche MA, Fricke K, Henschke U, Schlitterlau A, Liebetanz D, et al.
(2003) Pharmacological modulation of cortical excitability shifts induced
by transcranial direct current stimulation in humans. J Physiol 553:
293-301.
Nitsche MA, Liebetanz D, Antal A, Lang N, Tergau F, et al. (2003)
Modulation of cortical excitability by weak direct current stimulation-technical, safety and functional aspects. Suppl Clin Neurophysiol 56:
255-276.
Nitsche MA, Cohen LG, Wassermann EM, Priori A, Lang N, et al. (2008)
Transcranial direct current stimulation: State of the art 2008. Brain Stimul
1: 206-223.

Int J Neurorehabilitation
ISSN:2376-0281 IJN an open access journal

10.
11.
12.
13.
14.

15.
16.

brain stimulation with direct currents (tDCS) in neuropsychiatric diseases.
Neuroimage 85 Pt 3: 948-960.
Miniussi C, Cappa SF, Cohen LG, Floel A, Fregni F, et al. (2008) Efficacy of
repetitive transcranial magnetic stimulation/transcranial direct current
stimulation in cognitive neurorehabilitation. Brain Stimul 1: 326-36.
Fregni F, Boggio PS, Santos MC, Lima M, Vieira AL, et al. (2006)
Noninvasive cortical stimulation with transcranial direct current
stimulation in Parkinson's disease. Mov Disord 21: 1693-1702.
Boggio PS, Ferrucci R, Rigonatti SP, Covre P, Nitsche M, et al. (2006)
Effects of transcranial direct current stimulation on working memory in
patients with Parkinson's disease. J Neurol Sci 249: 31-38.
Doruk D, Gray Z, Bravo GL, Pascual-Leone A, Fregni F (2014) Effects of
tDCS on executive function in Parkinson's disease. Neurosci Lett 582:
27-31.
Ferrucci R, Mameli F, Guidi I, Mrakic-Sposta S, Vergari M, et al. (2008)
Transcranial direct current stimulation improves recognition memory in
Alzheimer disease. Neurology 71: 493-498.
Boggio PS, Khoury LP, Martins DCS, Martins OEMS, de Macedo EC, et al.,
(2009) Temporal cortex direct current stimulation enhances performance
on a Visual recognition memory task in Alzheimer disease. J Neurol
Neurosurg Psychiatry 80: 444-447.
Mesulam MM (2000) A plasticity-based theory of the pathogenesis of
Alzheimer’s disease. Ann NY Acad Sci. 924: 42-52.
Pascual-Leone A, Freitas C, Oberman L, Horvath JC, Halko M, et al. (2011)
Characterizing brain cortical plasticity and network dynamics across the
age-span in health and disease with TMS-EEG and TMS-fMRI. Brain
Topogr 24: 302-315.

Volume 3 • Issue 1 • 1000e118

