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Editorial

Introducing the thematic series on transcranial direct current stimulation (tDCS) for motor rehabilitation: on the way to optimal clinical use

Rodrigo Vitório1  , Samuel Stuart2  , Leigh E. Charvet3   and Alan Godfrey4  
(1)São Paulo State University (Unesp), Institute of Biosciences, Posture and Gait Studies Laboratory (LEPLO), Rio Claro, Brazil

(2)Department of Neurology, Oregon Health & Science University, Portland, OR, USA

(3)Department of Neurology, NYU School of Medicine, New York, NY, USA

(4)Department of Computer and Information Science, Northumbria University, Newcastle upon Tyne, UK

 

 
Rodrigo Vitório
Email: vitoriorodrigo@gmail.com

 
Samuel Stuart
Email: stuarts@ohsu.edu

 
Leigh E. Charvet
Email: Leigh.Charvet@nyulangone.org

 
Alan Godfrey (Corresponding author)
Email: alan.godfrey@northumbria.ac.uk



Received: 21 December 2018Accepted: 27 February 2019Published online: 4 March 2019
Introduction
Transcranial direct current stimulation (tDCS) is a method of noninvasive brain stimulation that directs a constant low amplitude electric current through scalp electrodes. tDCS has been shown to modulate excitability in both cortical and subcortical brain areas [1, 2], with anodal tDCS leading to increased neuronal excitability and cathodal tDCS inversely leading to reduced neuronal excitability. tDCS can also modulate blood flow (i.e. oxygen supply to cortical and subcortical areas [3]) and neuronal synapsis strength [4], triggering plasticity processes (i.e. long-term potentiation and long-term depression). There is growing interest in using tDCS as a low-cost, non-invasive brain stimulation option for a wide range of potential clinical applications. Advantages of tDCS over other methods of non-invasive brain stimulation include favorable safety and tolerability profiles and its portability and applicability.
The use of tDCS in motor rehabilitation for neurological diseases as well as in healthy ageing is a growing area of therapeutic use. Although the results of tDCS interventions for motor rehabilitation are still preliminary, they encourage further research to better understand its therapeutic utility and to inform optimal clinical use. Therefore, The Journal of NeuroEngineering and Rehabilitation (JNER. https://​jneuroengrehab.​biomedcentral.​com/​) is pleased to present the thematic series entitled “tDCS application for motor rehabilitation”.
The goal of this thematic series is to increase the awareness of academic and clinical communities to different potential applications of tDCS for motor rehabilitation. Experts in the field were invited to submit experimental or review studies. A call for papers was also announced to reach those interested in contributing to this thematic series. This collection of articles was thought to present the most recent advances in tDCS for motor rehabilitation, addressing topics such as theoretical, methodological, and practical approaches to be considered when designing tDCS-based rehabilitation. The targeted disorders include but are not limited to: stroke, Parkinson’s disease, Cerebral Palsy, cerebellar ataxia, trauma, Multiple Sclerosis.

tDCS – A promising clinical tool for motor rehabilitation
tDCS has been used in experimental and clinical neuroscience for the study of brain functions and treatment in a range of disorders of the central nervous system. Of particular interest to this thematic series, a growing body of evidence suggest that tDCS has potential to become a clinical tool for motor rehabilitation.
The existing tDCS protocols using well-defined montages, stimulus durations and intensities are safe and well tolerated by both healthy individuals and clinical populations. There are no reported indications of any serious adverse effects, such as damage of brain tissue or seizure induction, with the use of 1–2 mA protocols [5–7]. The most commonly reported adverse effects included redness, tingling and itching sensations under the electrodes, as well as headache [6, 8]. Moreover, the overall adverse effect rates are similar between active and sham tDCS [6], which suggests that the mild adverse effects are related to electrode positioning on the skin and not the stimulation itself.
As tDCS is portable, devices can easily be transported, which circumvents accessibility barriers to health care (i.e. tDCS can easily be moved into clinics or wards). It can be implemented in combination with other kinds of interventions, such as cognitive or physical training or exercise, with this pairing possibly leading to synergistic benefit [9]. Although accumulating evidence highlights potential benefits offered by tDCS for motor rehabilitation, further research is required for tDCS to become an approved clinical tool. The majority of existing clinical trials has involved a limited number of participants, which may imply underpowered analysis. Thus, large-scale studies are needed to overcome this major flaw.
Due to the potential for self- or caregiver-application, remotely supervised protocols have been developed and recently found feasible for those with motor impairment [10]. However, these studies employ highly structured protocols and rigorous criteria with real time supervision via teleconference, and do not support a “do-it-yourself” tDCS practice. Instead, the remotely supervised protocols can be used to facilitate the clinical trial designs that are necessary in order to advance tDCS towards therapeutic use.
Data on optimal protocols and predictors of response to tDCS are currently lacking in the literature. Future studies in this field should focus on determining the optimal stimulation parameters and predictors of response to tDCS in different clinical populations. It seems that one size does not fit all in tDCS. However, previous studies may be limited, as standard clinical assessments may miss subtle motor improvements. Future outcomes for determining the effectiveness of tDCS for motor rehabilitation need to be robust. Therefore, combining tDCS protocols with other validated mobile technologies to monitor motor performance, such as wearable inertial sensors or innovative Internet of Things devices, may provide important insight into effectiveness within clinic and beyond.
Despite the positive progression of research to clinical practice, there are still questions to be answered before tDCS can be extensively recommended for motor rehabilitation.
• What is the ideal intensity and duration of the session?
• How many sessions are required?
• What is the ideal interval between sessions?
• What about patients’ characteristics?
• Who will benefit from tDCS?
• Do specific demographic characteristics lead to greater benefits?

Final considerations
We hope the accepted papers will contribute meaningfully to the body of knowledge in the field of tDCS for motor rehabilitation and that they will motivate the development of further research. Additionally, we hope this thematic series will assist both researchers and clinical professionals in making decisions for the achievement of optimal benefits throughout tDCS.

Acknowledgements
Not applicable.
Funding
RV is supported by the Sao Paulo Research Foundation (FAPESP, grant #2014/22308–0). SS is supported in part by a Postdoctoral Fellowship (Grant No. PF-FBS-1898 from the Parkinson’s Foundation). LC is supported in part by grants from the National Multiple Sclerosis Society (RG-1803-3049, RG-1507-05285), NIH (R21HD094424-01A1), US Department of Defense (W81XWH-17-1-0320 US-MSG-16-10969) and the Silvian Foundation (10432sc).

Availability of data and materials
Not applicable.

Social media
Follow SS and AG on @samstuart87 and @godfreybiomed, respectively.


Authors’ contributions
RV led on the writing of this editorial with advice and reviewing from SS, LC and AG. All authors read and approved the final manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests..

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


[image: Creative Commons]Open AccessThis article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://​creativecommons.​org/​licenses/​by/​4.​0/​), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://​creativecommons.​org/​publicdomain/​zero/​1.​0/​) applies to the data made available in this article, unless otherwise stated.

References
1.
Bolzoni F, Pettersson L-G, Jankowska E. Evidence for long-lasting subcortical facilitation by transcranial direct current stimulation in the cat. J Physiol [Internet]. 2013 [cited 2018 Nov 10];591:3381–3399. Available from: http://​doi.​wiley.​com/​10.​1113/​jphysiol.​2012.​244764.

2.
Nitsche MA, Paulus W. Excitability changes induced in the human motor cortex by weak transcranial direct current stimulation. J Physiol [Internet]. 2000 [cited 2018 Nov 10];527 Pt 3:633–639. Available from: http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​10990547.

3.
Zheng X, Alsop DC, Schlaug G. Effects of transcranial direct current stimulation (tDCS) on human regional cerebral blood flow. Neuroimage [Internet]. 2011 [cited 2019 Feb 14];58:26–33. Available from: http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​21703350.

4.
Polanía R, Paulus W, Antal A, Nitsche MA. Introducing graph theory to track for neuroplastic alterations in the resting human brain: a transcranial direct current stimulation study. Neuroimage [Internet]. 2011 [cited 2019 Feb 14];54:2287–2296. Available from: https://​linkinghub.​elsevier.​com/​retrieve/​pii/​S105381191001287​5.

5.
Woods AJ, Antal A, Bikson M, Boggio PS, Brunoni AR, Celnik P, et al. A technical guide to tDCS, and related non-invasive brain stimulation tools. Clin Neurophysiol [Internet] 2016 [cited 2018 Nov 10];127:1031–1048. Available from: http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​26652115.

6.
Moffa AH, Brunoni AR, Fregni F, Palm U, Padberg F, Blumberger DM, et al. Safety and acceptability of transcranial direct current stimulation for the acute treatment of major depressive episodes: Analysis of individual patient data. J Affect Disord [Internet]. 2017 [cited 2018 Nov 10];221:1–5. Available from: http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​28623732.

7.
Bikson M, Grossman P, Thomas C, Zannou AL, Jiang J, Adnan T, et al. Safety of transcranial direct current stimulation: evidence based update 2016. Brain Stimul [Internet] 2016 [cited 2018 Nov 10];9:641–661. Available from: http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​27372845.

8.
Fertonani A, Ferrari C, Miniussi C. What do you feel if I apply transcranial electric stimulation? Safety, sensations and secondary induced effects. Clin Neurophysiol [Internet]. 2015 [cited 2018 Nov 10];126:2181–2188. Available from: http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​25922128.

9.
Kaski D, Dominguez R, Allum J, Islam A, Bronstein A. Combining physical training with transcranial direct current stimulation to improve gait in Parkinson’s disease: a pilot randomized controlled study. Clin Rehabil [Internet]. 2014 [cited 2018 Nov 10];28:1115–24. Available from: http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​24849794.

10.
Agarwal S, Pawlak N, Cucca A, Sharma K, Dobbs B, Shaw M, et al. Remotely-supervised transcranial direct current stimulation paired with cognitive training in Parkinson’s disease: An open-label study. J Clin Neurosci [Internet]. 2018 [cited 2018 Nov 10];57:51–57. Available from: http://​www.​ncbi.​nlm.​nih.​gov/​pubmed/​30193898.




OEBPS/sidebar.gif





OEBPS/cc-by.png
() _®





OEBPS/contact.gif





