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INTRODUCTION

Overview of tDCS research development

Chronic pain is defined as a pain that lasts longer than
three to six months, with symptoms that remain beyond
usual tissue healing duration of 6 to 12 weeks after an
acutely painful event or occurs along with a chronic
health condition. Chronic pain presents a tremendous
burden on society, the afflicted individuals' lives, and
their family members, with prevalence affecting
approximately 20.5% of the United States population
(50.2 million) and 8.0% affected by high-impact chronic
pain (19.6 million) that frequently limits activities of
daily living, mobility and work functioning (Yong et al.,
2022, Zelaya et al., 2020). Chronic pain is one of the most
common reasons adults seek medical care, and has been
linked to dependence on opioids, anxiety, depression,
and poor perceived health or reduced quality of life
(Dahlhamer et al., 2018).

Transcranial direct current stimulation (tDCS) is a noninvasive brain stimulation technique where lowamplitude sub-threshold direct currents are applied
across the scalp to produce localized changes of cerebral
excitability and modulate neuronal excitability. The first
pioneering use of tDCS on the human scalp was
published in 2000 by Dr. Michael Nitsche and Dr. Walter
Paulus’s clinical research group at the University of
Gottingen (Nitsche and Paulus, 2000). The first clinical
trials using tDCS for management of chronic pain
including fibromyalgia was published in 2006 by Dr.
Felipe Fregni’s clinical research group at Harvard
University (Fregni et al., 2006). Since then, multiple
groups have joined in the pioneering work and the
technique has continued to evolve, with clinical
application findings that tDCS can facilitate post-stroke
recovery of residual motor and speech deficits and
provide relief from various forms of chronic pain
(Lefaucheur,
2017)
including
fibromyalgia,
osteoarthritis, low back, phantom limb pain and
neuropathic pain from spinal cord injury, especially
when applied with other therapies, such as visual
illusion (Soler, 2010).

Chronic pain can arise from a combination of
biomechanical, neurologic, psychological, nutritional,
hormonal and social components and can lead to a
degree of central sensitization that refers to the
amplification of pain by supraspinal central nervous
system
mechanisms
including
increased
responsiveness or recruitment of nociceptive neurons
to normal or subthreshold afferent input, either with
ongoing nociceptive input or in the absence of a
peripheral driver (Harte et al., 2018, Colloca et al., 2017).

tDCS has the potential to become a clinically-relevant
therapeutic tool either being used asynchronously, i.e.,
priming the central nervous system to other therapies,
or synchronously combined with standard of care
rehabilitation of chronic pain including physical
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therapy,
pharmaceutical
and
interventional
management. Current medicine-based guidelines
support the use of anodal tDCS over the motor cortex in
conditions including neuropathic pain, fibromyalgia
and migraine with a level B of recommendation (Fregni
et al, 2021). tDCS induces cortical electric fields and
neuroplasticity-targeted excitability changes in the
human cortex by mechanisms of synaptic modification
and long-term potentiation or depression, resulting in
persistent changes along synapses based on recent
patterns of activity (Hess 1996). This is performed by
applying subthreshold excitatory anodal current stimuli
typically to motor cortical regions contralateral to the
area of most pain. It is generally understood that
surface-positive anodal current promotes facilitatory
effects whereas a surface-negative cathodal current
promotes inhibitory effects over targeted areas or
circuits.

Pros of tDCS as a therapeutic tool in the
rehabilitation of chronic pain
Facilitates understanding of central mechanisms
underlying chronic pain and represents an effective tool
to induce neuronal plasticity to promote descending
cortical pain inhibition by enhancing excitatory motor
facilitation
tDCS contributes to the understanding of underlying
mechanisms and rehabilitation of chronic pain
sensitization, with potential to elicit therapeutic benefit
by facilitating reversal of maladaptive plasticity by
augmenting excitatory motor facilitation and thereby
upregulating descending anti-nociceptive intracortical
inhibitory mechanisms, without dampening function of
the sensory cortex. These cortical excitability changes of
enhancing neuronal firing and increasing size of evoked
potentials by an applied polarizing direct current has
been systematically characterized over decades and
demonstrated in animal, in-vitro and human models
with resulting long-lasting plasticity effects (Bindman et
al, 1964). Supporting this notion, studies have found
enhancement of the endogenous pain modulation
system, measured by conditioned pain modulation after
anodal motor cortex tDCS stimulation (Giannoni-Luza
et al, 2020). Whereas alternative therapies such as
physical therapy approaches chronic pain rehabilitation
primarily via bottom-up peripheral mechanisms that
contribute to neural changes, tDCS provides an additive
approach with electrical stimulation applied via central

mechanisms to improve intracortical and top-down
pain inhibition.
Inexpensive and ease of application
tDCS has distinct advantages of being inexpensive and
easy to administer. tDCS is a non-invasive technique,
mainly consisting of electrodes placed on the scalp
providing a low electric current (Thair et al. 2017,
Pacheco-Barrios et al. 2020). The main difficulties are
related to defining the optimal electrode placement and
stimulation parameters to specific pain conditions,
including anodal and cathodal electrodes location,
intensity, duration, number of sessions and the use or
not of a concomitant therapy, but after deciding these
parameters it’s feasible to replicate this throughout the
follow-up. Also, tDCS equipment including electrodes
are relatively inexpensive and the same tDCS device can
be used for many different patients, making it an
accessible technique. Previous studies have found a
cost-effective benefit of using tDCS in patients with
neuropathic pain after spinal cord injury compared to
standard pharmacological care (Xi et al, 2021),
however, more studies are needed . When a different
approach is necessary - even for non-painful conditions
-, it is possible to use HD-tDCS, which is associated with
a more focused and longer-lasting neuromodulatory
effect (Parlikar et al. 2021).
Safe and non-invasive for routine application
tDCS has a benign profile of adverse events and
invasiveness: the cumulative charge of a commonly
used tDCS treatment, calculated as the product of the
current intensity x the duration x the number of
sessions, is not associated with irreversible injuries and
the trials showed little to no collateral damages (Bikson
et al. 2016). It is possible to have side effects, but they
are mild and short-lived, despite many studies not
accessing this information. There are no reports of
serious adverse effects (Fregni et al. 2016). For this,
tDCS can also be used on healthy subjects for research
purposes.
Can be used in a wide range of environments including a
home-based treatment possibility
Many studies suggest long protocols for tDCS
interventions (Fregni et al. 2006), since an increase in
the number of sessions leads to longer-lasting effects of
the therapy. This makes it harder for chronic patients in
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the clinical setting, and the need for regular medical
appointments is an eventual explanation for observed
loss of follow-up of up to 75% in some studies (Carvalho
et al. 2018). To facilitate the treatment adherence, tDCS
can be used as a home-based technique. While homebased tDCS is the main goal of many recent studies
(Castelo-Branco et al. 2020, Pacheco-Barrios et al. 2021,
Carvalho et al. 2018, Silva-Filho 2022), it is safe to say
that it’s an economic and practical adjunctive therapy
for patients seeking pain relief when compared to
traditional methods (O’Neill et al. 2015). Moreover,
studies using more sessions as described by Brietzke et
al. 2020 with 60 sessions and Carvalho et al. 2018 using
home-based tDCS showed more than 90% of adherence
to the sessions, making the portability of this device one
of its best advantages.
Can be used as a primer or in combination with other
rehabilitation therapies
The optimal treatment for many chronic diseases
involves multidisciplinary treatments and physical
therapy is usually part of the first line of treatments for
chronic pain (Coronado et al. 2017). However, these
options are not always completely effective and patients
may still suffer with their conditions - due to this
researchers tried combining different methods for
chronic pain treatment (Şahin et al. 2018). Following
this pattern, many papers evaluate tDCS combined with
other interventions (Straudi et al. 2018, Beretta et al.
2020, Corrêa et al. 2022, Gunduz and Pacheco-Barrios
et al. 2021), usually with positive significant results.
Thus, during treatment protocols involving tDCS,
patients are usually instructed to continue with their
usual care, and tDCS can be combined with other
rehabilitative methods, such as physical therapy, as an
adjunctive therapy to enhance their treatment sessions.

Cons of tDCS as a therapeutic tool in the
rehabilitation of chronic pain
Non-significant to moderate clinical effect sizes and
multiple treatment sessions needed to induce long-lasting
effects
Several tDCS trials present significant effects: tDCS is
useful to reduce pain perception (Pinto et al. 2019).
However, the results are still moderate, requiring
multiple sessions to reach clinically meaningful
outcomes, and in need of optimization of stimulation
parameters (Mehta et al., 2015, Lloyd et al., 2020). Some

trials even found no significant effects on tDCS for pain
(Luedtke et al., 2015). There is a possibility that future
clinical trials will find bigger effect sizes, performing
longitudinal trials, optimizing parameters, and
developing biomarkers of responsiveness, but more
studies are needed in order to achieve this goal.
Limited training in centrally-based neuroplasticity
treatment options and lack of centers that offer tDCS and
training
tDCS is not widely used and has not been adopted in
clinical practice, as the treatment option is not currently
approved by the FDA in the US. There has been an
international panel of research and clinician experts on
tDCS who reviewed the research and clinical use of tDCS
with findings on how tDCS is currently allocated to
research use, off-label treatment, and compassionate
use across multiple countries (Fregni et al., 2014). As of
2015 only Soterix Medical and NeuroConn had
investigational device exemptions from the FDA (Fregni
et al. 2015). Since these devices had to go through
sometimes costly regulatory processes, their price is
usually higher, leading some researchers or even
consumers to seek for cheaper - and non-regulated market options (Wexler 2015). This situation makes it
hard to find specialized inpatient and outpatient centers
using tDCS as an alternative means for pain treatment.
History of stigma/prejudice against use of electrical
stimulation
Neuromodulatory techniques involving electrical
stimulation targeted at areas of the brain can suffer from
the prejudice associated with the way electroconvulsive
therapy (ECT) is depicted in popular culture. Although
tDCS is not ECT, (which, by itself, is performed in a much
safer and humanized way today compared to the 1940's
and 50's) these misunderstandings still lead some
patients to be reluctant or even refuse the therapy. We
can only hope that with more information and with the
more widespread use of this technique, these
misconceptions subside and so does the stigma.

Conclusion
tDCS - and the neuromodulation field as a whole presents significant positive effects that have greatly
improved over the past decade. Many new and ongoing
trials are reporting effect sizes that seem to be
improving, which may be associated with better
knowledge on how to use it. However, some questions
28

Copyright: © 2022 PPCR. The Principles and Practice of Clinical Research

Vol. 8, No. 2 / Apr-Jun 2022 /p. 26-XX/ PPCR Journal

still remain unanswered, so future trials should address
these questions.

Funding
This work is supported by NIH grant R01
AT009491-01A1 and R01 HD082302-01A1.

REFERENCES
Yong, R. J., Mullins, P. M., & Bhattacharyya, N. (2022). Prevalence of chronic
pain among adults in the United States. Pain, 163(2), e328–e332.
https://doi.org/10.1097/j.pain.0000000000002291
Zelaya, C. E., Dahlhamer, J. M., Lucas, J. W., & Connor, E. M. (2020). Chronic
Pain and High-impact Chronic Pain Among U.S. Adults, 2019. NCHS
data brief, (390), 1–8.
Dahlhamer, J., Lucas, J., Zelaya, C., Nahin, R., Mackey, S., DeBar, L., Kerns, R.,
Von Korff, M., Porter, L., & Helmick, C. (2018). Prevalence of Chronic
Pain and High-Impact Chronic Pain Among Adults - United States,
2016. MMWR. Morbidity and mortality weekly report, 67(36), 1001–
1006.
Harte, S. E., Harris, R. E., & Clauw, D. J. (2018). The neurobiology of central
sensitization. Journal of Applied Biobehavioral Research, 23(2).
https://doi.org/10.1111/jabr.12137
Colloca, L., Ludman, T., Bouhassira, D., Baron, R., Dickenson, A. H., Yarnitsky,
D., Freeman, R., Truini, A., Attal, N., Finnerup, N. B., Eccleston, C., Kalso,
E., Bennett, D. L., Dworkin, R. H., & Raja, S. N. (2017). Neuropathic pain.
Nature reviews. Disease primers, 3, 17002.
Meeus, M., & Nijs, J. (2007). Central sensitization: a biopsychosocial
explanation for chronic widespread pain in patients with fibromyalgia
and chronic fatigue syndrome. Clinical rheumatology, 26(4), 465–473.
https://doi.org/10.1007/s10067-006-0433-9
Nitsche, M. A., & Paulus, W. (2000). Excitability changes induced in the
human motor cortex by weak transcranial direct current stimulation.
The Journal of physiology, 527 Pt 3(Pt 3), 633–639.
https://doi.org/10.1111/j.1469-7793.2000.t01-1-00633.x
Fregni, F., Gimenes, R., Valle, A. C., Ferreira, M. J., Rocha, R. R., Natalle, L.,
Bravo, R., Rigonatti, S. P., Freedman, S. D., Nitsche, M. A., PascualLeone, A., & Boggio, P. S. (2006). A randomized, sham-controlled,
proof of principle study of transcranial direct current stimulation for
the treatment of pain in fibromyalgia. Arthritis and rheumatism,
54(12), 3988–3998. https://doi.org/10.1002/art.22195
Hess, G., & Donoghue, J. P. (1996). Long-term potentiation and long-term
depression of horizontal connections in rat motor cortex. Acta
neurobiologiae experimentalis, 56(1), 397–405.
Bindman, L. J., Lippold, O. C., & Redfearn, J. W. (1964). The action of brief
polarizing currents on the cerebral cortex of the rat (1) during current
flow and (2) in the production of long-lasting after-effects. The Journal
of
physiology,
172(3),
369–382.
https://doi.org/10.1113/jphysiol.1964.sp007425
Fregni, F., Nitsche, M. A., Loo, C. K., Brunoni, A. R., Marangolo, P., Leite, J.,
Carvalho, S., Bolognini, N., Caumo, W., Paik, N. J., Simis, M., Ueda, K.,
Ekhitari, H., Luu, P., Tucker, D. M., Tyler, W. J., Brunelin, J., Datta, A.,
Juan, C. H., Venkatasubramanian, G., … Bikson, M. (2015). Regulatory
Considerations for the Clinical and Research Use of Transcranial Direct
Current Stimulation (tDCS): review and recommendations from an
expert panel. Clinical research and regulatory affairs, 32(1), 22–35.
https://doi.org/10.3109/10601333.2015.980944
Wexler A. (2015). A pragmatic analysis of the regulation of consumer
transcranial direct current stimulation (TDCS) devices in the United
States. Journal of law and the biosciences, 2(3), 669–696.
https://doi.org/10.1093/jlb/lsv039

Carvalho, S., Leite, J., Jones, F., Morse, L. R., Zafonte, R., & Fregni, F. (2018).
Study adherence in a tDCS longitudinal clinical trial with people with
spinal
cord
injury.
Spinal
cord,
56(5),
502–508.
https://doi.org/10.1038/s41393-017-0023-5
Carvalho, F., Brietzke, A. P., Gasparin, A., Dos Santos, F. P., Vercelino, R.,
Ballester, R. F., Sanches, P., da Silva, D. P., Jr, Torres, I., Fregni, F., &
Caumo, W. (2018). Home-Based Transcranial Direct Current
Stimulation Device Development: An Updated Protocol Used at Home
in Healthy Subjects and Fibromyalgia Patients. Journal of visualized
experiments : JoVE, (137), 57614. https://doi.org/10.3791/57614
Castelo-Branco, L., & Fregni, F. (2020). Home-Based Transcranial Direct
Current Stimulation (tDCS) to Prevent and Treat Symptoms Related to
Stress: A Potential Tool to Remediate the Behavioral Consequences of
the COVID-19 Isolation Measures?. Frontiers in integrative
neuroscience, 14, 46. https://doi.org/10.3389/fnint.2020.00046
Pacheco-Barrios, K., Cardenas-Rojas, A., de Melo, P. S., Marduy, A.,
Gonzalez-Mego, P., Castelo-Branco, L., Mendes, A. J., Vásquez-Ávila,
K., Teixeira, P., Gianlorenco, A., & Fregni, F. (2021). Home-based
transcranial direct current stimulation (tDCS) and motor imagery for
phantom limb pain using statistical learning to predict treatment
response: an open-label study protocol. Principles and practice of
clinical
research
(2015),
7(4),
8–22.
https://doi.org/10.21801/ppcrj.2021.74.2
Pacheco-Barrios, K., Cardenas-Rojas, A., Thibaut, A., Costa, B., Ferreira, I.,
Caumo, W., & Fregni, F. (2020). Methods and strategies of tDCS for the
treatment of pain: current status and future directions. Expert review
of medical devices, 17(9), 879-898.
Gunduz, M. E., Pacheco-Barrios, K., Bonin Pinto, C., Duarte, D., Vélez, F. G. S.,
Gianlorenco, A. C. L., ... & Fregni, F. (2021). Effects of combined and
alone transcranial motor cortex stimulation and mirror therapy in
phantom limb pain: a randomized factorial trial. Neurorehabilitation
and Neural Repair, 35(8), 704-716.
Silva-Filho, E., Pilloni, G., Charvet, L. E., Fregni, F., Brunoni, A. R., & Bikson, M.
(2022). Factors supporting availability of home-based
Neuromodulation using remote supervision in middle-income
countries; Brazil experience. Brain stimulation, 15(2), 385–387.
https://doi.org/10.1016/j.brs.2022.02.005
O'Neill, F., Sacco, P., & Nurmikko, T. (2015). Evaluation of a home-based
transcranial direct current stimulation (tDCS) treatment device for
chronic pain: study protocol for a randomised controlled trial. Trials,
16, 186. https://doi.org/10.1186/s13063-015-0710-5
Straudi, S., Buja, S., Baroni, A., Pavarelli, C., Pranovi, G., Fregni, F., & Basaglia,
N. (2018). The effects of transcranial direct current stimulation (tDCS)
combined with group exercise treatment in subjects with chronic low
back pain: a pilot randomized control trial. Clinical rehabilitation,
32(10), 1348–1356. https://doi.org/10.1177/0269215518777881
Beretta, V. S., Conceição, N. R., Nóbrega-Sousa, P., Orcioli-Silva, D., Dantas,
L., Gobbi, L., & Vitório, R. (2020). Transcranial direct current
stimulation combined with physical or cognitive training in people with
Parkinson's disease: a systematic review. Journal of neuroengineering
and rehabilitation, 17(1), 74. https://doi.org/10.1186/s12984-02000701-6
Corrêa, F. I., Carneiro Costa, G., Leite Souza, P., Marduy, A., Parente, J.,
Ferreira da Cruz, S., de Souza Cunha, M., Beber Freitas, M., Correa
Alves, D., Silva, S. M., Ferrari Corrêa, J. C., & Fregni, F. (2022). Additive
effect of transcranial direct current stimulation (tDCS) in combination
with multicomponent training on elderly physical function capacity: a
randomized, triple blind, controlled trial. Physiotherapy theory and
practice,
1–14.
Advance
online
publication.
https://doi.org/10.1080/09593985.2022.2081638
Coronado, R. A., & Bialosky, J. E. (2017). Manual physical therapy for chronic
pain: the complex whole is greater than the sum of its parts. The
Journal of manual & manipulative therapy, 25(3), 115–117.
https://doi.org/10.1080/10669817.2017.1309344
29

Copyright: © 2022 PPCR. The Principles and Practice of Clinical Research

Vol. 8, No. 2 / Apr-Jun 2022 /p. 26-XX/ PPCR Journal
Şahin, N., Karahan, A. Y., & Albayrak, İ. (2017). Effectiveness of physical
therapy and exercise on pain and functional status in patients with
chronic low back pain: a randomized-controlled trial. Turkish journal of
physical
medicine
and
rehabilitation,
64(1),
52–58.
https://doi.org/10.5606/tftrd.2018.1238
Mehta, S., McIntyre, A., Guy, S., Teasell, R. W., & Loh, E. (2015). Effectiveness
of transcranial direct current stimulation for the management of
neuropathic pain after spinal cord injury: a meta-analysis. Spinal cord,
53(11), 780–785. https://doi.org/10.1038/sc.2015.118
Lloyd, D. M., Wittkopf, P. G., Arendsen, L. J., & Jones, A. (2020). Is
Transcranial Direct Current Stimulation (tDCS) Effective for the
Treatment of Pain in Fibromyalgia? A Systematic Review and MetaAnalysis. The journal of pain, 21(11-12), 1085–1100.
https://doi.org/10.1016/j.jpain.2020.01.003
Fregni, F., Nitsche, M. A., Loo, C. K., Brunoni, A. R., Marangolo, P., Leite, J.,
Carvalho, S., Bolognini, N., Caumo, W., Paik, N. J., Simis, M., Ueda, K.,
Ekhitari, H., Luu, P., Tucker, D. M., Tyler, W. J., Brunelin, J., Datta, A.,
Juan, C. H., Venkatasubramanian, G., … Bikson, M. (2015). Regulatory
Considerations for the Clinical and Research Use of Transcranial Direct
Current Stimulation (tDCS): review and recommendations from an
expert panel. Clinical research and regulatory affairs, 32(1), 22–35.
https://doi.org/10.3109/10601333.2015.980944
Lee P. K. (2011). Defining physiatry and future scope of rehabilitation
medicine. Annals of rehabilitation medicine, 35(4), 445–449.
https://doi.org/10.5535/arm.2011.35.4.445
Luedtke, K., Rushton, A., Wright, C., Jürgens, T., Polzer, A., Mueller, G., &
May, A. (2015). Effectiveness of transcranial direct current stimulation
preceding cognitive behavioural management for chronic low back
pain: sham controlled double blinded randomised controlled trial.
bmj, 350.
Thair, H., Holloway, A. L., Newport, R., & Smith, A. D. (2017). Transcranial
Direct Current Stimulation (tDCS): A Beginner's Guide for Design and
Implementation. Frontiers in neuroscience, 11, 641.
https://doi.org/10.3389/fnins.2017.00641
Bikson, M., Grossman, P., Thomas, C., Zannou, A. L., Jiang, J., Adnan, T.,
Mourdoukoutas, A. P., Kronberg, G., Truong, D., Boggio, P., Brunoni, A.
R., Charvet, L., Fregni, F., Fritsch, B., Gillick, B., Hamilton, R. H.,
Hampstead, B. M., Jankord, R., Kirton, A., Knotkova, H., … Woods, A. J.
(2016). Safety of Transcranial Direct Current Stimulation: Evidence
Based Update 2016. Brain stimulation, 9(5), 641–661.
https://doi.org/10.1016/j.brs.2016.06.004
Giannoni-Luza, S., Pacheco-Barrios, K., Cardenas-Rojas, A., Mejia-Pando, P.
F., Luna-Cuadros, M. A., Barouh, J. L., Gnoatto-Medeiros, M., CandidoSantos, L., Barra, A., Caumo, W., & Fregni, F. (2020). Noninvasive motor
cortex stimulation effects on quantitative sensory testing in healthy
and chronic pain subjects: a systematic review and meta-analysis. Pain,
161(9),
1955–1975.
https://doi.org/10.1097/j.pain.0000000000001893
Fregni, F., El-Hagrassy, M. M., Pacheco-Barrios, K., Carvalho, S., Leite, J.,
Simis, M., Brunelin, J., Nakamura-Palacios, E. M., Marangolo, P.,
Venkatasubramanian, G., San-Juan, D., Caumo, W., Bikson, M.,
Brunoni, A. R., & Neuromodulation Center Working Group (2021).
Evidence-Based Guidelines and Secondary Meta-Analysis for the Use
of Transcranial Direct Current Stimulation in Neurological and
Psychiatric
Disorders.
The
international
journal
of
neuropsychopharmacology,
24(4),
256–313.
https://doi.org/10.1093/ijnp/pyaa051
Xi, M., Shen, X., Guliyeva, K., Hancock-Howard, R., Coyte, P. C., & Chan, B.
(2021). Cost-utility analysis of transcranial direct current stimulation
therapy with and without virtual illusion for neuropathic pain for
adults with spinal cord injury in Canada. The journal of spinal cord
medicine,
44(sup1),
S159–S172.
https://doi.org/10.1080/10790268.2021.1961051

Brietzke, A. P., Zortea, M., Carvalho, F., Sanches, P., Silva, D., Torres, I.,
Fregni, F., & Caumo, W. (2020). Large Treatment Effect With Extended
Home-Based Transcranial Direct Current Stimulation Over
Dorsolateral Prefrontal Cortex in Fibromyalgia: A Proof-of-Concept
Sham-Randomized Clinical Study. The journal of pain, 21(1-2), 212–
224. https://doi.org/10.1016/j.jpain.2019.06.013
Pinto, C. B., Teixeira Costa, B., Duarte, D., & Fregni, F. (2018). Transcranial
Direct Current Stimulation as a Therapeutic Tool for Chronic Pain. The
journal
of
ECT,
34(3),
e36–e50.
https://doi.org/10.1097/YCT.0000000000000518
Parlikar, R., Vanteemar S, S., Shivakumar, V., Narayanaswamy C, J., Rao P,
N., & Ganesan, V. (2021). High-definition transcranial direct current
stimulation (HD-tDCS): A systematic review on the treatment of
neuropsychiatric disorders. Asian journal of psychiatry, 56, 102542.
https://doi.org/10.1016/j.ajp.2020.102542
Lefaucheur, J. P., Antal, A., Ayache, S. S., Benninger, D. H., Brunelin, J.,
Cogiamanian, F., Cotelli, M., De Ridder, D., Ferrucci, R., Langguth, B.,
Marangolo, P., Mylius, V., Nitsche, M. A., Padberg, F., Palm, U., Poulet,
E., Priori, A., Rossi, S., Schecklmann, M., Vanneste, S., … Paulus, W.
(2017). Evidence-based guidelines on the therapeutic use of
transcranial direct current stimulation (tDCS). Clinical neurophysiology
: official journal of the International Federation of Clinical
Neurophysiology,
128(1),
56–92.
https://doi.org/10.1016/j.clinph.2016.10.087
Soler, M. D., Kumru, H., Pelayo, R., Vidal, J., Tormos, J. M., Fregni, F., Navarro,
X., & Pascual-Leone, A. (2010). Effectiveness of transcranial direct
current stimulation and visual illusion on neuropathic pain in spinal
cord injury. Brain : a journal of neurology, 133(9), 2565–2577.
https://doi.org/10.1093/brain/awq184

30

Copyright: © 2022 PPCR. The Principles and Practice of Clinical Research

