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Abstract 
 

The purpose of this review was to evaluate safety of 
Transcranial Direct Current Stimulation (tDCS) in humans. 
We have performed a focused search in two major medical 
databases, Medline and PubMed, for original articles on 
tDCS in humans (healthy subjects and patients with various 
diagnoses) published in English. A primary search yielded 
141 articles. Fifty-two articles were excluded for the 
following reasons: 17 articles were review papers, 26 
articles were deemed not related to tDCS, and nine articles 
did not provide a complete list of the stimulation-
parameters. A total of 89 articles involving tDCS protocols 
in human subjects were analyzed in the scope of safety 
parameters, with the main focus on the Current Density and 
Total Charge. The findings of the review further support the 
existing evidence on tDCS safety. 
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Introduction 
 

TDCS (Transcranial Direct Current Stimulation) has 
been developed as a noninvasive technique for 
modulation of cortical excitability (1). The principle 
of tDCS is based on influencing neuronal excitability 
and modulating the firing rates of individual neurons 
by a low amplitude direct current, which is delivered 
non-invasively and painlessly through the scalp to the 
selected brain structures (2,3). The nature of tDCS-
induced changes on cortical excitability depends on 
the polarity of the current. It is well accepted that the 
anodal tDCS increases cortical excitability, while the 
cathodal tDCS decreases it (2-6). Some of tDCS 
induced changes occur immediately during the 
stimulation (so called intra-tDCS effects), while 
others occur later as short-lasting and long-lasting 
after-effects (2). The intra-tDCS effects which elicit 
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no after-effects can be induced by a short (seconds) 
single application of tDCS. The intra-tDCS effect of 
cathodal tDCS is the reduction of intracortical 
facilitation, while anodal tDCS has no intra-effect on 
intracortical facilitation or inhibition. All effects of 
anodal stimulation occur later as after-effects. The 
short-lasting after-effects outlast the end of 
stimulation by 5-10 min and can be induced by 
application of seven min of 1 mA tDCS, while to 
obtain long-lasting effects (about one hr), 13 min of 1 
mA tDCS is needed. Both, anodal and cathodal tDCS 
can produce short-lasting and long-lasting effects (7). 
After-effects of anodal tDCS involve reduction of 
intracortical inhibition and enhancement of 
intracortical facilitation, while cathodal tDCS after-
effect represent enhancement of intracortical 
inhibition. 

TDCS is not only a useful tool of 
neurophysiological research, but it also shows a 
promising clinical potential in alleviation of 
symptoms related to diseases and pathological 
conditions that have shown to involve changes in 
cortical excitability, for example post-stroke 
syndrome, complex regional pain syndrome, 
fibromyalgia, major depression, Parkinson’s disease, 
and others. As the principle of this technique is based 
on delivering direct current through the skull to the 
brain tissue, evidence of the safety of tDCS needs to 
be regularly evaluated and updated to protect subjects 
receiving tDCS in both research and clinical settings. 

 
 

General considerations of tDCS safety 
 

Generally, there are several mechanisms of potential 
current-induced tissue damage (8) that need to be 
considered in protocols using current-delivering 
procedures: 

 
• Electrochemically produced toxic brain 

products and metallic electrode dissolution 
products caused by the electrode-tissue 
interface. 

• Heat development under the electrodes. 
• Current-induced neuronal hyper-excitability 

and brain tissue heating. 
 

TDCS technique has not been shown to conflict 
with any of the general mechanisms associated with 
potential current-induced tissue damage mentioned 
above (1,3,9). Importantly: 

 
• In tDCS, electrodes and brain tissue do not 

come into direct contact. Further, to 
minimize chemical processes at the 
electrode-skin interface, sponge electrodes, 
instead of metallic ones, have been utilized in 
tDCS protocols. 

• Heating under the electrodes has been shown 
not to occur during the tDCS protocol (1). 
Damage from the heating of neuronal tissue 
can be also ruled out as a potential safety 
concern, since excessive heating directly on 
the skin under the electrodes was not 
experienced (1). 

• Potential damaging effects due to neuronal 
hyperactivity refer to high frequency of 
supra-threshold stimulation lasting for hours 
(10). As pointed out by Nitsche et al. (9), the 
effects of tDCS are sub-threshold in the 
means of eliciting action potentials in 
neurons at resting membrane potentials. 
Furthermore, tDCS induced only moderate 
changes in cortical excitability (1,3,4,7).  

 
Thus, tDCS as a technique of noninvasive 

modulation of cortical excitability has been shown to 
comply with safety considerations in the means of 
above described current-induced tissue damage 
mechanisms. 

However, besides the general safety parameters 
of the tDCS technique, safety parameters of 
stimulation within each particular tDCS protocol need 
to be strongly considered and exercised to ensure 
safety of subjects receiving tDCS stimulation. 

Major safety parameters of stimulation as tested 
in studies using a high frequency supra-threshold 
stimuli (a train of high frequency pulses) are Current 
Density, Total Charge, Charge per Phase, and Charge 
Density (8,11,12). Not all of these parameters apply 
for tDCS, as tDCS delivers direct current, i.e. one 
continuous stimulus per session. Thus, the appropriate 
parameter for deriving safety limits of tDCS (9) is 
Current Density [A/cm2] (=stimulation strength 
[A]/electrode size [cm2]), together with Total Charge 
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[C/cm2] (=stimulation strength [A]/electrode size 
[cm2] x total stimulation duration[s]), since duration 
of stimulation is an important factor contributing to 
potential tissue damage (9). 

In this review, we evaluate existing tDCS 
protocols published on human subjects from the point 
of the aforementioned safety parameters, Current 
Density and Total Charge, and discuss them in the 
context of reported side effects and other safety 
related issues. 

 
 

Methods 
 

We searched in two major medical databases, 
PubMed and Medline, for tDCS-related articles 
published in English between January 1999 and 
January 2009 precluding other than human subjects. 
The search words used were: “transcranial direct 
current stimulation” and “tDCS”. Inclusion criteria 
were: complete information about parameters of 
stimulation (including electrode size) must be given, 
and the article must be primary source regarding the 
use of tDCS performed on human subjects. 

Using the search words, 141 articles were found. 
Fifty-two articles did not meet the Inclusion criteria: 
26 articles were not relevant, 17 articles were reviews, 
and 9 studies did not completely list parameters of 
stimulation. Thus, the application of the Inclusion 
criteria yielded the final pool of 89 articles (1-7,9,13-
93), which were evaluated in this review.  

Discussion 
 

Parameters of stimulation are dictated to a high 
degree by the purpose of stimulation. While not all 
studies in healthy subjects aim to induce the tDCS 
after-effects (see Introduction) and thus the duration 
of stimulation can be short, the desired result of tDCS 
in patients with various diagnoses is usually a relief of 
symptoms that outlast the stimulation as long as 
possible. To induce long-lasting after-effects, the 
tDCS stimulation needs to be applied for about 13 
min or more (1,4,7,9). Thus, it may translate to higher 
Total Charge in studies involving patients as 
compared to protocols designed for healthy subjects. 
For that reason, we analyzed separately protocols on 
healthy subjects and protocols involving patients with 
various diagnoses. As tDCS effects have been shown 
to be cumulative (74,76,80-83,89,93), some tDCS 
protocols delivered a block of treatments consisting of 
tDCS sessions on several consecutive days, rather 
than a single session. Thus, when evaluating 
parameters of existing protocols, we commented on 
not only Total Charge per Session, but (when 
applicable) on Total Charge per Complete Block of 
Treatments as well. Ranges of evaluated parameters, 
i.e. Current Density, Total Charge per Session, and 
Total Charge per Complete Block of Treatments, 
separately for anodal and cathodal stimulation, in 
patients and healthy subjects, appear in table 1. 

 
Table 1. Range of parameters “Current Density” and “Total Charge” in tDCS protocols involving human subjects 

 
 Current Density 

(mA/cm2) 
Total Charge 
per 
Session (C/cm2) 

Total Charge per Complete Block 
of Treatments (C/cm2) 

Healthy subjects – 
anodal tDCS 

0.025-0.0667 0.0045-0.08 N/A 

Healthy subjects – 
cathodal tDCS 

0.0204-0.08 0.00245-0.096 N/A 

Patients – anodal tDCS 0.0286-0.0571 0.00514-0.0686 0.0206-0.686 
Patients – cathodal 
tDCS 

0.0286-0.0571 0.00514-0.0686 0.0206-0.172 

Current Density (mA/cm2) = stimulation strength (mA)/electrode size (cm2) 
Total Charge per Session(C/cm2) = stimulation strength (A)/electrode size (cm2) x total tDCS stimulation duration 

(s). 
Total Charge per Complete Block of Treatments (C/cm2) = stimulation strength (A)/electrode size (cm2) x total tDCS 

stimulation duration (s) x number of sessions. 
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tDCS protocols in healthy subjects 
 

Sixty-eight (1-7,9,13-72) of the total pool of 89 
analyzed studies involved anodal or cathodal tDCS 
stimulation in healthy subjects (total n=1208). For 
anodal stimulation the Current Density ranged 
between 0.025 (13) and 0.0667(69) mA/cm2, and the 
Total Charge per Session was between 0.0045 (13) – 
0.08 (69) C/cm2. The highest Total Charge per 
Session was delivered in the study aiming to 
determine contralateral and ipsilateral motor effects 
after tDCS (71). Seven healthy subjects received the 
anodal stimulation at intensity of 1mA with 15cm2 
electrodes placed over the right supraorbital region 
and the left motor cortex, with a Current Density of 
0.0667mA/cm2, for 20 min, resulting in the Total 
Charge of 0.08 C/cm2 (71). No adverse effects were 
reported in this study.  

As shown by McCreery (11) and noted by 
Nitsche (9), Current Densities below 25mA/cm2 do 
not induce brain tissue damage even when applying 
high-frequency stimulation over several hours. Thus, 
the Current Density of 0.0667mA/cm2, as reported 
above, is well within the safety limit. As for Total 
Charge per Session, tissue damage has been detected 
at a minimum charge of 216 C/cm2 (12). Thus, the 
Total Charge per Session in the analyzed anodal tDCS 
protocols, with the highest value of 0.08 C/cm2, is 
clearly within safety limits. 

For cathodal stimulation, the Current Density 
ranged between 0.0204 (34) and 0.08mA/cm2 (72), 
and the Total Charge per Session was between 
0.00245 (34) and 0.096C/cm2 (72). In the study 
employing the cathodal stimulation of the highest 
Current Density of 0.08mA/cm2 and highest Total 
Charge per Session of 0.096 C/cm2 (72), 12 healthy 
subjects received 20 min of cathodal stimulation at 
intensity of 1.2mA, using two sponge electrodes 
15cm2, placed over the left Brodman’s area and 
contralateral supraorbital area to study a potential 
enhancement of working memory. The study 
monitored possible side effects, but none were 
reported. Again, both Current Density and Total 
Charge per Session in protocols using cathodal 
stimulation were well within the safety limits (11,12). 

 
 

tDCS protocols in patients with various 
diagnoses 

 
In the pool of analyzed articles, 21 studies (73-93) 
involved patients (total n=278) with various diagnoses 
including e.g. major depression, Parkinson’s disease, 
stroke, uncontrollable food cravings, alcohol 
dependence, and chronic pain syndromes. Safety 
parameters of anodal tDCS were drawn from 20 
studies (73-85,86,88-93), while 12 studies yielded 
safety data on cathodal stimulation (73,76-
80,83,84,87,90-92). 

For anodal stimulation, the Current Density 
ranged between 0.0286 (73,75,77,81,83-84,91) and 
0.0571 (74,76,79-80,82,86,90,93)mA/cm2, the Total 
Charge per Session was between 0.00514 (83) and 
0.0686 (74,76,80,82,86,93)C/cm2, while the Total 
Charge per Block of Treatments ranged from 0.0206 
(83) to 0.686 (74)C/cm2. The highest Total Charge 
per Session (0.0686C/cm2), the Total Charge per 
Block of Treatment (0.686C/cm2), and also the 
highest values for the Current Density 
(0.0571mA/cm2) of anodal stimulation were 
delivered in the study on the efficacy of cortical DCS 
for the treatment of major depression (74). Forty 
patients with major depression took part in the study, 
with 35cm2 electrodes placed over the dorsolateral 
prefrontal cortex or occipital cortex, and the 
contralateral supraorbital area. A 2mA current was 
delivered for 20 minutes for 10 days. The side effects 
that were reported by some patients were minor and 
transient, and included itching, redness of the skin 
under the electrode, and transient headache.  

As for parameters of anodal tDCS specifically in 
population of patients with chronic pain, the highest 
parameters for anodal stimulation (82) were as 
follows: The Current Density 0.0571mA/cm2, Total 
Charge per Session 0.0686C/cm2, and Total Charge 
per Complete Block of Treatments (one block = 5 
session on 5 consecutive days) was 0.343C/cm2. 
Seventeen patients with spinal cord injury participated 
in the study (82), and the stimulation was delivered at 
current intensity of 2mA, for 20 minutes, on 5 
consecutive days, with sponge-electrodes of size 
35cm2 placed over the primary motor cortex and the 
contralateral supraorbital area (82). Only minor side 
effects like itching were reported.  
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For cathodal stimulation in the patients with 
various diagnosis, the Current Density in analyzed 
studies varied between 0.0286 (73,77,83-84,91) and 
0.0571mA/cm2 (76,80,90), the Total Charge per 
Session was between 0.00514 (83) and 0.0686 (76,80) 
C/cm2, while the Total Charge per Block of 
Treatments was from 0.0206 (83) to 0.172 (77) 
C/cm2. 

The cathodal stimulation of the highest Total 
Charge per Block of Treatments, as mentioned above, 
was utilized in the study of Boggio and his colleagues 
(77). Nine stroke patients received 5 sessions of the 
cathodal tDCS at the intensity of 1mA, for 20 min 
with sponge-electrodes of size 35cm2 placed over 
primary motor cortex. All reported side effects were 
transient, tolerable, and not serious. The side effects 
included tingling, burning, and itching sensations 
under the area of the electrode.  

As for cathodal stimulation in the treatment of 
chronic pain, there are no published controlled studies 
using cathodal stimulation to elicit relief of chronic 
pain. However, our experience from a case of 
CRPS/RSD patient receiving cathodal tDCS over the 
somatosensory cortex to relieve intractable chronic 
pain associated with CRPS/RSD (94), suggests that 
cathodal stimulation applied at the current intensity of 
2mA for 20 min in 5 sessions on 5 consecutive days, 
with sponge electrodes of 25cm2, can be safely 
delivered without occurrence any substantial side 
effects. These parameters translated into the Current 
Density of 0.08mA/cm2, the Total Charge per Session 
of 0.096C/cm, and the Total Charge per Block of 
Treatment of 0.480C/cm2. 

 
 

Conclusions 
 
1. Highest parameters applied in the analyzed 

studies in humans were for anodal and 
cathodal tDCS as follows: Anodal 
stimulation Current Density 0.0667mA/cm2, 
Total Charge per Session 0.08C/cm2, and 
Total Charge per Block of Treatments 0.686 
C/cm2. Cathodal tDCS: Current Density of 
0.08mA/cm2, Total Charge per Session 
0.096C/cm, and the Total Charge per Block 
of Treatments 0.172C/cm2. 
 

As indicated by McCreery et al (11) and 
noted by Nitsche et al (9), Current Densities 
below 25 mA/cm2 do not induce brain tissue 
damage even applied at high-frequency 
stimulation over several hours. For Total 
Charge per Session, tissue damage has been 
detected at a minimum charge of 216 C/cm2 
(12). Thus, Current Density, and Total 
Charge in tDCS protocols as they were 
described in 89 analyzed tDCS studies in 
humans are within aforementioned safety 
limits. 

2. TDCS stimulation when delivered even at the 
highest parameters reported above, did not 
elicit any serious side effects. 

3. The findings of the review further support the 
existing evidence on tDCS safety. 
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