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HIGHLIGHTS
•  To date, there have been no serious side effects reported in conventional transcranial 

direct current stimulation (tDCS).
• Sufficient risk evaluation should be conducted before tDCS applying.
• Careful attention must be paid to safety during tDCS.
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ABSTRACT

Transcranial direct current stimulation (tDCS) has considerable potential as a useful method 
in the field of neurorehabilitation. However, the safety of tDCS for the human is primarily 
based on theoretical evidence related to electricity, and the safety information of applying 
tDCS to the human is only available from researcher's reporting. Based on tDCS studies with 
human and animal subjects and simulation-based studies of the safety of current stimulation 
in the past 20 years, this review investigated the safety of tDCS application to the human 
body. No severe complications have been reported in either adults or children for tDCS at an 
intensity of 4 mA or less, within a period of 60 minutes per day, using commonly applied 25 
or 35 cm2 electrodes. According to animal studies, the amount of electricity used for tDCS is 
less than 5% of the amount that permanently changes brain tissue, thereby ensuring safety 
to a certain extent. In order to increase the efficacy of tDCS for neurorehabilitation and to 
minimize even trivial complications in the human screening of exclusion criteria should be 
conducted with detailed observations of complications.
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INTRODUCTION

Attempts to achieve therapeutic effects by applying electricity to the human body have long 
been made in the medical field. For instance, ancient practitioners of medicine such as 
Hippocrates, Scribonius, Largus, and Galen treated migraines using the torpedo fish, which 
generates strong electric currents (30 A and above) [1,2]. As it became possible for humans 
to generate electricity through advances in modern science in the 18th century, it became 
common to apply direct current to the head of patients with psychiatric diseases [3,4]. 
However, the use of this therapeutic modality decreased since the danger of applying strong 
electricity to humans exceeded any proven benefits. In the 20th century, numerous studies 
reported that a relatively weak current of a few milliamperes applied constantly for a certain 
amount of time changed cellular activity. Subsequently, attempts have been made to achieve 
therapeutic effects by inducing changes in brain cortical excitability using transcranial 
direct current stimulation (tDCS), in which direct current is applied non-invasively through 
electrodes attached to the scalp. Non-invasive direct current stimulation has emerged as an 
important method of treatment in neurorehabilitation [5-10].
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Safety has always been an issue regarding treatments using electricity. After the basic 
scientific principles of electricity and its effects on the human were theoretically established, 
early researchers investigated the use of electricity at intensity levels that they believed would 
not be harmful to the human. These studies established an experimental basis for safe 
stimulation parameters of tDCS. However, actual responses to current stimulation can vary 
across individual bodies, and this variability poses challenges for establishing a definitive 
and consistent stimulation guideline. The safety of tDCS needs to be regularly scrutinized 
through meta-analyses and systematic reviews involving safety issues and continuous data 
collection from future studies. From this perspective, this review explores unintended 
reactions and complications of tDCS and discusses strategies to minimize adverse effects and 
maximize desired effects.

APPROPRIATE STRENGTH, DURATION, AND METHODS 
OF tDCS APPLICATION
Three main factors (intensity, duration, and electrode size) determine the total amount of 
electricity applied to the human brain in tDCS. Currently, the most commonly used intensity 
is less than 4 mA, the duration is less than 60 minutes, and electrode size is 25 cm2 (5 × 5 
cm) or 35 cm2 (5 × 7 cm) [11-13]. In earlier studies, a lower intensity of less than 0.5 mA was 
applied to the motor area for a few seconds to minutes using a 25 cm2 electrode. In Priori 
et al. [8], direct current of 0.075–0.5 mA was applied to the motor area through 25 cm2 
(5 × 5 cm) electrodes for 7 seconds. In comparison to the motor evoked potential (MEP) 
measured without current stimulation, the amplitude of the MEP decreased significantly 
and proportionally to the intensity of electricity. In that study, complications or unintended 
responses of tDCS were not mentioned at all. In the study of Nitsche et al. [9], the intensity 
of the stimulus was increased to 0.2–1.0 mA, and the duration was also increased to 1–5 
minutes. That study also did not address complications in detail, but concluded that tDCS is 
a useful method to control brain excitability painlessly.

tDCS studies increased explosively during the 10 years after the study of Nitsche et al. [9], 
and the parameters of electricity stimuli used in studies became established. The intensity 
was usually 1–2 mA (maximum 4 mA), duration was 20 minutes (maximum 40 minutes), 
and the electrode size was either 25 cm2 (5 × 5 cm) or 35 cm2 (5 × 7 cm). In 2011, Brunoni et 
al. [12] published a systematic review on the adverse effects of tDCS, synthesizing data from 
a decade's worth of studies on this issue. This study reviewed adverse effects and safety in 
209 tDCS studies published between 1998 and 2010 that met the eligibility criteria. Of those 
studies, 117 (56%) mentioned adverse effects during treatment, whereas 92 (44%) did not 
mention adverse effects at all. All 117 studies that mentioned adverse effects used active 
stimulation, and 82 of those 117 studies also included sham stimulation. The most frequently 
reported adverse effect was itching, which was reported in 46 of the 117 (39.3%) studies 
that used active stimulation. Among the 82 studies that used sham stimulation, 27 studies 
(32.9%) reported itching. The percentage was higher when active stimulation was given, 
but the difference was not statistically significant. The second most frequent adverse effect 
was tingling, reported in 22.2% of studies with active stimulation and 18.3% of studies with 
sham stimulation. The third most frequent adverse effect was headache, reported in 14.8% 
and 16.2% of active stimulation studies and sham stimulation studies, respectively. The 
percentage was higher in sham stimulation studies, but the difference was not statistically 
significant. The last main adverse effect reported was burning, reported in 8.7% of studies 
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with active stimulation and 10% of studies with sham simulation. Other discomfort was 
reported in 10.4% of active stimulation studies and 13.4% of sham stimulation studies, 
demonstrating a slightly higher frequency in the sham stimulation group. Other than these 
reversable minor adverse effects, no severe adverse effects that were irrecoverable or required 
professional treatment were reported.

In principle, the abovementioned adverse effects could occur due to the effect of electricity 
itself, but given that the percentage of patients reporting adverse effects was similar in the 
sham stimulation groups, it can be inferred that the tDCS procedure itself, such as attaching 
the electrodes on the scalp and securing electrodes on the head using compression bandages, 
can cause adverse effects. With the amount of electricity used for tDCS applied to the human 
brain, it was theoretically expected that no severe adverse effects would occur, and the results 
were in line with this expectation. In their systematic review, Brunoni et al. [12] analyzed 
studies that used less than or equal to 1.5 mA and more than 1.5 mA separately. Twenty-nine 
of the 82 (35.4%) studies with a current intensity of less than or equal to 1.5 mA reported 
itching, while 17 of the 35 (48.6%) studies with current intensity exceeding 1.5 mA reported 
itching. The proportion was higher when the intensity was greater, but the difference was 
not statistically significant. In contrast, proportion of tingling reported was higher when 
the intensity was lower, with tingling reported in 20 of the 82 (24.4%) studies that used less 
than or equal to 1.5 mA and 6 of the 35 (17.1%) studies that used a current intensity exceeding 
1.5 mA. This difference was also not statistically significant; therefore, no meaningful 
differences according to electricity intensity were found.

Animal studies were conducted before tDCS was applied to the human body, and have 
continued subsequently to ensure safety more definitively and to improve efficacy. In 
2009, Liebetanz et al. [14] studied histological changes in the rat cerebrum with increasing 
amounts of electricity. A charge density of more than 52,400 C/m2 caused irreversible 
histological changes. The charge density when 4 mA is applied using a 35 cm2 electrode for 
30 minutes is roughly 2,057 C/m2. Therefore, since the amount of electricity used on humans 
is approximately 4% of the amount that can damage the brain tissue of rats, it is inferred that 
the procedure is acceptably safe [14,15]. However, there are limits to applying results from 
animal studies to humans, so continued research is needed to ensure safety. A report found 
that cathodal tDCS was helpful in an animal model of acute cerebral infarction. However, 
other studies reported that in the hyper-acute period (1 day or less), there were negative 
effects such as anodal tDCS expanding the area of infarction and the blood-brain barrier 
being destroyed or, at the least, there were no positive effects. More conclusive research is 
required to apply tDCS to patients with acute cerebral infarction [16-18].

Studies investigating the safety of tDCS and aiming to suggest guidelines have continued, 
and in 2017, Antal and many other researchers [13] published a large amount of study data. 
However, even in their study, clear safety guidelines about the intensity and duration of 
stimulation were not presented; instead, only the safety of currently used parameters based 
on animal studies (including the research of Liebetanz et al. [14] discussed above) was 
explained. Only minor adverse effects were reported, with a similar frequency as reported 
by Brunoni et al. [12], and no severe adverse effects directly related to tDCS were described. 
A potential severe adverse effect of tDCS is seizure, which can be caused by any procedure 
that stimulates the central nervous system. Therefore, it is theoretically possible for tDCS to 
cause seizures. However, in studies published from 2000 to 2016, only one case of seizure 
was reported. The patient had epilepsy, and it was reported that there was no evidence of 
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a causal relationship between tDCS and the seizure [19]. There is a high risk that tDCS can 
cause a manic switch in patients with bipolar disorder; for this reason, patients' history 
must be understood well. Antal et al. [13] presented a few detailed recommendations for 
the application of tDCS. When attaching sponge-like electrodes, saline solution rather than 
tap water should be used. Abrading the skin area before attaching the electrodes is not a 
meaningful step; instead, just a light cleaning is suggested. To prevent severe damage to the 
skin, close attention should always be paid to the attachment of the electrodes.

Although tDCS is not theoretically expected to have more adverse effects on pregnant than 
non-pregnant women, but no proper studies have yet been conducted, so additional studies 
to confirm its safety are necessary. When tDCS is indicated, the benefit-risk ratio should 
be examined closely. Moreover, it has been reported that there was no major difference in 
safety when tDCS was combined with other equipment such as electroencephalography, 
electromyography, magnetoencephalography, and MRI compared to when tDCS is used 
alone. In their systematic review, Antal et al. [13] emphasizes that in order to minimize 
adverse effects when using tDCS, a structured pre-survey is very important. A form based 
on the consensus of related research teams is provided on the Göttingen University research 
center's website; the use of this form is recommended (Fig. 1).

SAFETY IN CHILDREN

Systematic research on safety related to children or infants is difficult to find in animal 
studies. Anderson et al. [20] in 2017 used a hypoxia-ischemia model in 7-day-old rats and 
conducted tDCS on the 14th day after damage (in 21-day-old rats). Muscle strength and 
physical capacity improved in the tDCS group compared to the comparison group; however, 
their study did not review safety specifically. In contrast, tDCS studies with human children 
started a long time ago. In an early study, Bogdanov et al. [21] reported that hyperkinesis was 
reduced after conducting transcranial electrical stimulation using a 6.0 cm2 electrode, which 
is much smaller than what is commonly used in current practice, with a current intensity 
of 0.2–0.8 mA among 21 children with cerebral palsy (age range, 6 to 18 years). Their study 
did not mention adverse effects. In the study of Alon et al. [22], electrical stimulation of 
0.5 mA using 11.34 cm2 electrodes was given to 7 children with cerebral palsy (age range, 
2.5 to 7.5 years), and there were no particular adverse effects in any participating children. 
Subsequently, studies with children using similar parameters to those used in current clinical 
practice have been conducted. Krishnan et al. [23] analyzed tDCS studies with children and 
reported that children's adverse effects were no more severe than those of adults. However, 
particularly thorough safety tests should be conducted of electrical stimulation in children. 
Multiple studies using computational electrical current modeling reported that when using 
the same parameters, electricity transmission can be 2 to 7 times stronger in children than 
in adults [24-26]. Based on these studies, it is recommended that the intensity of electrical 
stimulation in children should not exceed 1 mA.

In 2020, the Canadian researchers Zewdie et al. [27] published the results of a large-scale 
prospective study that tracked the safety of tDCS (1 mA intensity for 20 minutes) in child 
participants for 10 years (from 2009 to 2018). In total, 92 children from ages 6 to 18 (mean 
age 14) were included, and there were no cases of severe adverse effects. Headache, neck 
pain, unpleasant tingling, light-headedness, itching and burning, and mild nausea were 
reported, which were not substantially different from the adverse effects of tDCS reported in 
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other studies. The current literature suggests that the adverse effects of tDCS are not different 
between children and adults. However, considering that children's brains are continuing to 
develop and it is possible that tDCS can have unknown effects on children's brains distinct 

5/9https://doi.org/10.12786/bn.2021.14.e9

Safety of tDCS Brain & NeuroRehabilitation

02

https://e-bnr.org

SCREENING	QUESTIONNAIRE	FOR	
TRANSCRANIAL	ELECTRICAL	STIMULATION	(TES)	

	
	

	 	 YES	 NO
1	 Do	you	have	metal	(except	titanium) or	electronic	implants	in	the	brain/skull	

(e.g.,	splinters,	fragments,	clips,	cochlear	implants,	deep	brain	stimulation	etc.)?	If	
yes,	please	specify	the	type	of	metal	and	the	location	
______________________________________________________________________________________________
______________________________________________	

	

2	 Do	you	have	metal	or	any	electronic	device	at	other	sites	in your	body,	such	as	a	
cardiac	pacemaker	or	traumatic	metallic	residual	fragments?	If	yes,	please	specify	
the	device	and	the	location	
__________________________________________________________________	

	

3	 Did	you	ever	have	surgical	procedures	involving	your	head	or	spinal	cord?	If	yes,	
please	specify	the	locations	
____________________________________________________________________	

	

4	 Have	you	ever	had	a	head	trauma	followed	by	impairment	of	consciousness?	 	
5	 Do	you	have	skin	problems,	such	as	dermatitis,	psoriasis	or	eczema?	If	yes,	please	

specify	the	location	
____________________________________________________________________		

	

6	 Do	you	have	epilepsy	or	have	you	ever	had	convulsions,	a	seizure?	 	
7	 Did	you	ever	have	fainting	spells	or	syncope? 	
8	 Are	you	pregnant	or	is	there	any	chance	that	you	might	be? 	
9	 Are	you	taking	any	medications?	If	yes,	please	specify:

__________________________________________________________________	
	

	

10	 Did	you	ever	undergo	transcranial	electric	or	magnetic	stimulation	in	the	past?	If	
yes,	were	there	any	adverse	events?	Please	specify:	
____________________________________________________________________	

	

	
An	affirmative	answer	to	one	or	more	of	questions	do	not	represent	an	absolute	contraindication	to	
TES,	 but	 the	 risk‐benefit	 ratio	 should	 be	 carefully	 balanced	 by	 the	 Principal	 Investigator	 of	 the	
research	project	or	by	the	responsible	(treating)	physician.	
	
Name	____________________________	Surname	_______________________________	
	
Date		_________________________	Signature	__________________________________	
	

2017	
Low	intensity	transcranial	electric	stimulation:	Safety,	ethical,	legal	regulatory	and	application	guidelines	

	 	
Fig. 1. Screening questionnaire for TES from http://www.neurologie.uni-goettingen.de/downloads.html. 
TES, transcranial electrical stimulation.

https://e-bnr.org
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from its effects on adults' brains, further studies should investigate this issue. It is also 
suggested that the intensity of the electrical stimulus should not exceed 1 mA, keeping in 
mind that children's brains are more receptive of electrical stimuli than adults' brains, as 
mentioned before.

SAFETY OF EXTRACEPHALIC ELECTRODE MONTAGE

An important technical aspect of conducting tDCS is the electrode montage. The most 
commonly used technique has been intracephalic montage, wherein both the active electrode 
and reference electrode are attached to the scalp. However, some studies have attached 
the active electrode to the scalp above the brain target area and the reference electrode 
on extracephalic areas such as the arm or chest. When 2 sets of electrodes are used to 
provide stimulation, it is difficult to attach 2 active electrodes and 2 reference electrodes 
on the scalp simultaneously. Thus, some studies have used a montage where the reference 
electrodes are attached to an extracephalic area [28-30]. In relation to safety, the theoretical 
issue of an extracephalic montage is that as the current flows to narrow areas in the brain 
such as the brain stem, it can affect the cardiopulmonary center and the autonomic center, 
among others. Therefore, clinical studies and computer simulation studies on the safety 
of extracephalic montage have been conducted. The computer simulation study by Im et 
al. [31] calculated the current density in the brainstem after placing the active electrode on 
the left primary motor cortex and the reference electrode on the right temporal lobe, right 
supraorbital region, right deltoid, left deltoid, under the chin, or on the right buccinator 
muscle. Regardless of where the reference was attached, the calculated current density in the 
brainstem was not statistically significantly different.

Noetscher et al. [32] conducted a study using similar methods. When the reference electrode 
was attached on the arm, the electric density was greater in the white matter, a deeper 
area in the brain, than the density measured with an intracephalic montage, but there was 
no difference in the brainstem. No severe adverse effects have been reported in studies 
using extracephalic montage in humans. In a study by Chang et al. [33] of patients with 
schizophrenia, symptoms improved after delivering 20 minutes of 2 mA stimulation twice 
a day for 5 weeks with anodal electrodes attached to either side of the prefrontal cortex and 
cathodal electrodes on either side of the forearms. Safety was evaluated by measuring blood 
pressure, respiratory rate, heart rate, and heart rate variability, and no meaningful changes 
or adverse effects were observed. Synthesizing the results from extant studies, it can be 
concluded that extracephalic montage can be used safely when necessary.

SAFETY OF IMPLANTED DEVICES

Since tDCS applies electricity to the human body artificially, in principle, it should not 
be conducted when an electrical device is implanted in the body. However, Iannone et al. 
[34] conducted 15 sessions of 30-minute cerebellar tDCS at 2 mA intensity with a 35 cm2 
electrode in patients who had deep brain stimulators (DBSs) in the subthalamic nucleus for 
the treatment of generalized dystonia. The DBSs were turned off while tDCS stimulation was 
delivered. It was reported that symptoms improved, and no malfunction of the DBS devices 
occurred. Roncero et al. [35] delivered 2 mA for 30 minutes with a 35 cm2 anodal electrode 
attached to the dorsolateral prefrontal region and a cathodal electrode on the opposite arm 
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to 7 older adults (aged 77 to 92) with pacemakers, and reported no damage after stimulation. 
However, only a few such attempts have been made; therefore, in principle, tDCS should not 
be conducted when a metal or electrical device is implanted in the body.

CONCLUSION

tDCS has long been used in the medical field for a very long time. Given the long history of 
applying electricity to the human, theoretical knowledge of the effects of electricity on the 
human is thought to be sufficient. Basic scientific research on tDCS has been conducted, 
and adverse effects or unintended phenomena have been regularly reported, analyzed, 
and organized. The safety of the commonly used parameters of less than 4 mA intensity 
using a 25 or 35 cm2 electrode for less than 60 minutes per day has been relatively securely 
established on the basis of numerous studies. Nonetheless, the safety of tDCS has been 
established through passively reported information; therefore, careful attention must be 
paid to safety continuously while applying tDCS If efforts are made to minimize even trivial 
adverse effects by conducting sufficient pre-surveys of tDCS recipients, tDCS will secure a 
place as an effective treatment method in neurorehabilitation.
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