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A commentary on

Systematic assessment of duration and intensity of anodal transcranial direct current
stimulation on primary motor cortex excitability

by Tremblay, S., Larochelle-Brunet, F., Lafleur, L. P., El Mouderrib, S., Lepage, J. F., and Théoret, H.
(2016). Eur. . Neurosci. doi: 10.1111/ejn.13321. [Epub ahead of print].

As a pertinent addition to the literature, the study highlights several concerns currently facing those
in the transcranial electrical stimulation (tES) community.

STANDING OUT FROM THE CROWD

Tremblay et al. (2016) investigated modulations of corticospinal excitability within motor cortex
as induced by transcranial direct current stimulation (tDCS). Having delivered 1 and 2mA
stimulation for durations of 10 or 20 min, they assessed the outcomes by means of motor evoked
potentials (MEPs). This may be regarded as “business as usual” by many researchers. Indeed, there
is nothing ground-breaking about the paradigm but therein lies its appeal. The article represents
a systematic account of tDCS effects resulting from some of the most commonly used protocols,
which in an increasingly discordant field was well overdue.

tDCS has become increasingly popular as a result of research by Nitsche and Paulus (2001),
which documented the existence of sustained after-effects in humans. However, the explosion
of studies since this time has had its drawbacks—primarily, the heterogeneity in stimulation
parameters (e.g., current intensity, duration, electrode size) that have been adopted to address
a multitude of research objectives. The lack of consistency means that researchers, conducting
successful and unsuccessful studies alike, are unable to infer which specific components of
their protocols are particularly influential with regard to the observed results. This is extremely
problematic, especially where stimulation is applied to aid in rehabilitation or attenuate the
symptoms of neurological and psychiatric conditions (Brunoni et al., 2012).

In this context, the article by Tremblay et al. represents a milestone for tES research. Systematic
studies of tDCS effects are currently in the minority and researchers are largely unaware of the
influence subtle variations in stimulation parameters are likely to have on results. Those studies that
do exist have utilized relatively complex designs and atypical stimulation parameters (weak current
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strengths, novel stimulation intervals and/or small electrodes
e.g., Batsikadze et al., 2013; Monte-Silva et al.,, 2013; Bastani
and Jaberzadeh, 2014; Chew et al., 2015), which limits their
applicability to the field as a whole. It is crucial that the efficacy of
more widely used protocols is fully assessed to determine whether
they are capable of generating replicable results. The paper by
Tremblay et al. is particularly relevant for this reason as it offers a
timely evaluation of standard practice.

OPENING THE “FILE DRAWER”

It cannot be ignored that the article reflects a series of non-
significant results. None of the four assessed intensity/duration
pairings altered corticospinal excitability in a manner that was
statistically meaningful. Prominent inter-individual differences
in response rates were likely to have contributed to these
outcomes, with non-responders constituting up to 80% of the
sample, but what does this variability mean for the future of tES?

One may assess these findings in the context of recent meta-
analyses, which demonstrate a lack of consistent effects on
behavioral and neurobiological metrics, and decide to view them
as a further blow to a field already marred by controversy
(Horvath et al., 2015a,b). To do so would be to discredit
a technique with vast potential and disregard the emerging
evidence regarding sustained benefits in clinical populations
(Khedr et al, 2014; Allman et al, 2016). That is not to
say that these non-significant results should be overlooked.
Traditionally, null results are reviled, particularly where they
represent a deviation from the norm. In such circumstances
atypical results are often attributed to methodological flaws,
however, the rigorous design of the study by Tremblay et al.
makes the outcomes hard to ignore. The study is clearly based
on a-priori knowledge, possesses ample sample sizes and features
a critique of potential predictive factors e.g., baseline excitability
and inter-trial differences in MEP amplitudes. While the article
asserts that response variability is very much an issue in tES
research (supporting the findings of Wiethoff et al., 2014 and
Lopez-Alonso et al, 2014), crucially, what it infers is not to
abandon the neuromodulation technique but the need for a
dialogue regarding best-practice.

Advocating the publication of non-significant results, like
those of the article in question, will inevitably assist in the
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reformation of tES research—especially where they originate
from methods-driven investigations (Hanley et al., 2015).
Null results, far from representing failure, should encourage
researchers to learn from experience and refine methodology.
Such optimization is imperative for tES as much of the
inconsistency that plagues the current research climate can
be attributed to poorly designed experiments; characterized by
illogical hypotheses, generated in the absence of biologically
relevant information (Bestmann et al, 2015). By focusing
on improving basic research principles and ensuring good
experimental design, variability can largely be controlled and
accounted for. Of course, parameters that elicit the desired effect
in some individuals may not be effective in others. This is
likely to vary between states of health and disease, and could
mean a uniform approach is not always appropriate (Kuo et al.,
2014). As a beacon of best-practice, the study by Tremblay et al.
highlights the fundamental need for optimization of stimulation
protocols. Accordingly, part of good research practice will be
to systematically determine the key to producing reliable and
reproducible modulations of excitability, which may involve
titrating stimulation for a particular population or even specific
individuals.

A STEP IN THE RIGHT DIRECTION

A number of issues concerning the validity of tES research
are brought to light by Tremblay et al. (2016). As outlined by
the authors themselves, current approaches lack sensitivity and
place limitations on the reproducibility of effects. Their article
signals the need for a shift in the priority of researchers, who
are encouraged to acknowledge the power of methodological
integrity and go back to basics before the field can evolve.
This is essential if tES is to be taken seriously, such
that it can be considered a tool of clinical relevance. For
these reasons, the focus of this commentary should be
regarded as the foundation on which to build the future
of tES.

AUTHOR CONTRIBUTIONS

The author confirms being the sole contributor of this work and
approved it for publication.

Bestmann, S., de Berker, A. O., and Bonaiuto, J. (2015). Understanding the
behavioural consequences of noninvasive brain stimulation. Trends Cogn. Sci.
19, 13-20. doi: 10.1016/j.tics.2014.10.003

Brunoni, A. R,, Nitsche, M. A., Bolognini, N., Bikson, M., Wagner, T., Merabet,
L., et al. (2012). Clinical research with transcranial direct current stimulation
(tDCS): challenges and future directions. Brain Stimul. 5, 175-195. doi:
10.1016/j.brs.2011.03.002

Chew, T., Ho, K. A., and Loo, C. K. (2015). Inter-and intra-individual variability in
response to transcranial Direct Current Stimulation (tDCS) at varying current
intensities. Brain Stimul. 8, 1130-1137. doi: 10.1016/j.brs.2015.07.031

Hanley, C. J.,, Tommerdahl, M., and McGonigle, D. J. (2015). Stimulating
somatosensory psychophysics: a double-blind, sham-controlled study of the
neurobiological mechanisms of tDCS. Front. Cell. Neurosci. 9:400. doi:
10.3389/fncel.2015.00400

Frontiers in Human Neuroscience | www.frontiersin.org

August 2016 | Volume 10 | Article 439


http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Human_Neuroscience/archive

Hanley

Commentary: Systematic Assessment of tES

Horvath, J. C., Forte, J. D., and Carter, O. (2015a). Quantitative review finds
no evidence of cognitive effects in healthy populations from single-session
transcranial direct current stimulation (tDCS). Brain Stimul. 8, 535-550. doi:
10.1016/j.brs.2015.01.400

Horvath, J. C., Forte, J. D., and Carter, O. (2015b). Evidence that
transcranial direct current stimulation (tDCS) generates little-to-no reliable
neurophysiologic effect beyond MEP amplitude modulation in healthy
human subjects: a systematic review. Neuropsychologia 66, 213-236. doi:
10.1016/j.neuropsychologia.2014.11.021

Khedr, E. M., Gamal, N. F. E., El-Fetoh, N. A, Khalifa, H., Ahmed, E.
M., Ali, A. M., et al. (2014). A double-blind randomized clinical trial
on the efficacy of cortical direct current stimulation for the treatment of
Alzheimer’s disease. Front. Aging Neurosci. 6:275. doi: 10.3389/fnagi.2014.
00275

Kuo, M. F., Paulus, W., and Nitsche, M. A. (2014). Therapeutic effects of non-
invasive brain stimulation with direct currents (tDCS) in neuropsychiatric
diseases. Neuroimage 85, 948-960. doi: 10.1016/j.neuroimage.2013.05.117

Lopez-Alonso, V., Cheeran, B., Rio-Rodriguez, D., and Ferndndez-del-Olmo,
M. (2014). Inter-individual variability in response to non-invasive brain
stimulation paradigms. Brain Stimul. 7, 372-380. doi: 10.1016/j.brs.2014.
02.004

Monte-Silva, K., Kuo, M. F., Hessenthaler, S., Fresnoza, S., Liebetanz, D., Paulus,
W., et al. (2013). Induction of late LTP-like plasticity in the human motor

cortex by repeated non-invasive brain stimulation. Brain Stimul. 6, 424-432.
doi: 10.1016/j.brs.2012.04.011

Nitsche, M. A., and Paulus, W. (2001). Sustained excitability elevations induced by
transcranial DC motor cortex stimulation in humans. Neurology 57, 1899-1901.
doi: 10.1212/WNL.57.10.1899

Tremblay, S., Larochelle-Brunet, F., Lafleur, L. P., El Mouderrib, S., Lepage, J.
F., and Théoret, H. (2016). Systematic assessment of duration and intensity
of anodal transcranial direct current stimulation on primary motor cortex
excitability. Eur. J. Neurosci. doi: 10.1111/ejn.13321. [Epub ahead of print].

Wiethoff, S., Hamada, M., and Rothwell, J. C. (2014). Variability in response to
transcranial direct current stimulation of the motor cortex. Brain Stimul. 7,
468-475. doi: 10.1016/j.brs.2014.02.003

Conflict of Interest Statement: The author declares that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2016 Hanley. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) or licensor
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Human Neuroscience | www.frontiersin.org

August 2016 | Volume 10 | Article 439


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Human_Neuroscience/archive

	Commentary: Systematic assessment of duration and intensity of anodal transcranial direct current stimulation on primary motor cortex excitability
	Standing Out from the Crowd
	Opening the ``File Drawer''
	A Step in the Right Direction
	Author Contributions
	References


