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Transcranial direct current electrical stimulation (tDCS) is an intensely developing area in noninvasive neu-
romodulation. Despite large numbers of published studies, data on the possible clinical applications of the 
method are contradictory. One limitation of tDCS is the relatively non-local nature of stimulation using the 
standard montage. High-defi nition tDCS (HD-tDCS) is a modifi cation of the method in which small ring 
electrodes are used and has greater stimulation focality. In the most commonly used montage, 4 × 1 HD-tDCS, 
a ring electrode (anode or cathode) is positioned over the target area and is surrounded by reference electrodes 
of the opposite polarity. This article addresses current data on the methodology, physiological aspects, clinical 
effi cacy, safety, and tolerance of HD-tDCS.
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 1. Introduction. Transcranial electrical stimulation 
(tES) of the brain with weak currents has a long history of 
use in research and clinical practice [38, 85, 28]. Methods 
such as “brain micropolarization” [3–5] and “pulsed tran-
scranial electrostimulation” [2] have been used in Russia 
for a long time. A signifi cant increase in interest in the use 
of tES throughout the world has been seen since the be-
ginning of the 21st century, after publication of a series of 
studies demonstrating the potential of using this method to 
modulate the arousability of the motor cortex [68, 69, 74]. 
tES is now an intensely developing area of noninvasive neu-
romodulation [35, 53, 55, 92, 94].
 The most widely used tES method consists of tran-
scranial direct current stimulation (tDCS). tDCS generally 
used two electrodes, one an anode and the other a cathode. 
Electrodes of size 5 × 5 or 5 × 7 cm are generally used. 
Stimulation intensity is usually 1–2.5 mA and session dura-
tion is 10–40 min [9].

 Contradictory data have been obtained in relation to 
the potential clinical application of tDCS in various nervous 
system diseases [53]. An important limitation in using stan-
dard tDCS with large electrodes is the low focality of the 
stimulation, leading to modulation of activity not only in the 
target area, but also other brain areas [38, 87]. One solution 
to this problem consists of using high-defi nition tDCS (HD-
tDCS),fi rst proposed in 2007 [20, 21]. The world has since 
accumulated experience in the use of this method both in 
research and in clinical practice. After considering the gen-
eral questions of the application of tDCS, this article ad-
dresses current data on the methodology, physiological as-
pects, clinical effi cacy, safety, and tolerance of tDCS.
 2. Transcranial Direct Current Electrical Stimula-
tion (tDCS) – General Data, Clinical Use, and Limitati-
ons. The primary effect of tDCS is presumptively linked 
with a subthreshold shift in the membrane potential towards 
hyper- or depolarization depending on the polarity of the 
electrodes. Anodic stimulation is accompanied by a shift in 
membrane potential towards depolarization, which facili-
tates spike formation, while cathodic stimulation, converse-
ly, shifts membrane potential towards hyperpolarization 
and decreases the probability of spike formation [10, 11, 
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areas). Some cases have led to the conclusion that tDCS 
is ineffective, with evidence level B. There are insuffi cient 
data for all other diseases and stimulation protocols to allow 
recommendations to be formulated [53].
 A major problem for the use of tDCS is high with-
in- and between-individual variability in the physiological 
effects of stimulation [17, 26, 36, 46, 47, 91]. The classic 
dichotomous approach, which regards anodic stimulation 
as activatory and cathodic as inhibitory, has been shown to 
be quite arbitrary. The physiological effect of stimulation 
is determined by a large number of factors, including not 
only the electrode montage, but also the duration of stim-
ulation, its intensity, and other characteristics of the pro-
tocol [53, 94]. Ongoing and preceding neuronal activity is 
of great signifi cance in determining stimulation effects, as 
are a number of individual characteristics [37, 47]. Various 
approaches to personalization and increased precision and 
controllability of the effects of tDCS and other noninvasive 
brain stimulation methods have now been developed [37, 
47, 86, 94].
 3. HD-tDCS: Methodology, Distribution of Electric 
Current, and Physiological Effects. Methodology. HD-
tDCS was proposed to increase the focality of stimulation by 
using special small electrodes and modifying their distribu-
tion [20, 21]. HD-tDCS uses silver chloride ring electrodes 
(so-called high-defi nition electrodes) with a contact area of 
less than 5 cm2 [9]. The most widely employed version of 
HD-tDCS uses a 4 × 1 montage in which a central ring elec-
trode (anode or cathode) is positioned over the stimulation 
target area and is surrounded by four reference electrodes 
[20, 22, 87]. The central electrode determines stimulation 
polarity (anode or cathode) and the corresponding neuro-
physiological effects, while the reference electrodes delimit 
the stimulation area [89]. The technical and methodologi-
cal aspects of HD-tDCS have been described in detail by 
Vilamar et al. [2013a].
 Electrode current distribution. Many studies model-
ing the electric fi eld distribution have shown that HD-tDCS 
produces greater stimulation focality than standard tDCS 
[6, 12, 14, 19, 22, 27, 87]. Thus, one study [19] showed that 
use of the standard montage and standard-size electrodes 
(anode at C3, cathode at Fp2; electrode size 5 × 7 cm) pro-
duced a wide electric current distribution in different parts 
of the brain, including the prefrontal cortex on both sides, 
the premotor cortex, the left precentral gyrus, the insular 
cortex, and the thalamus on both sides, as well as brainstem 
structures (here and henceforth montage will be described 
in terms of electrode positions of the standard 10–20% elec-
trode distribution). The strongest current was seen in the 
prefrontal cortex. Using HD-tDCS (anode at C3), the cur-
rent distribution was essentially limited to the area in which 
the reference electrodes were located, the maximum current 
occurring in the depth of the central sulcus and adjacent cor-
tical areas, including the primary motor and somatosensory 
cortex. Electrical fi eld tension in other areas of the brain 

53, 35]. Thus, the physiological effects of tDCS are due to 
modulation of the excitability and changes in spike forma-
tion frequency on activation of neurons by other factors not 
accompanied by action potential generation [9, 55, 75].
 The main confi rmation of the neuromodulatory effect 
of tDCS on cerebral cortical arousability in humans is ob-
tained from results of studies using transcranial magnetic 
stimulation (TMS) and recording of motor evoked poten-
tials (MEP). Anodic stimulation has been shown to lead to 
increased and cathodic to decreased MEP amplitude [67–
69]. The modulatory action of tDCS on arousability has also 
been shown to have polarity dependence in the somatosen-
sory and visual cortex [7, 57]. tDCS has effects not only on 
the brain area beneath the electrodes, but also on a multitude 
of other cortical and subcortical structures, infl uencing and 
modeling neural network activity [56, 62, 94].
 It is important to note that the modulatory effect of 
tDCS can persist for some period of time (from a few min-
utes to several hours, depending on the protocol used) af-
ter stimulation ends [53, 67, 69, 73]. The neuromodulatory 
effect of tDCS is connected primarily with infl uences on 
NMDA receptor-mediated neuroplasticity processes resem-
bling long-term potentiation and depression [53, 94]. In 
particular, administration of dextromethorphan – an NMDA 
receptor blocker – eliminates the neuromodulatory effect of 
anodic and cathodic tDCS [54, 66]. Persistence of the phys-
iological effects of tDCS after cessation of stimulation is of 
signifi cant interest in relation to the therapeutic application 
of this method [53].
 Many clinical studies addressing the effi cacy of using 
tDCS in a variety of nervous system diseases, including de-
pression, addictive disorders, fi bromyalgia, pain syndromes, 
stroke, Parkinson’s disease, epilepsy, multiple sclerosis, tin-
nitus, and others have been conducted [44, 53, 71, 83, 95]. 
However, the results of these studies have not led to unam-
biguous conclusion, because of factors including the use of 
different stimulation protocols. in addition, most studies 
have been carried out on small cohorts of patients.
 According to the recommendations of an international 
expert group, there are as yet no recommendations with evi-
dence level A (strong recommendation, defi nitely effective) 
for the use of tDCS in clinical practice. Evidence at level B 
(recommendation, probably effective) has been obtained for 
1) anodic tDCS of the primary motor cortex of the left hemi-
sphere in fi bromyalgia (cathode over the right orbitofrontal 
area); 2) anodic tDCS of the left dorsolateral prefrontal cor-
tex in depressive episode without drug resistance (cathode 
over the right orbitofrontal cortex); and 3) anodic tDCS of 
the right dorsolateral prefrontal cortex in addictive disor-
ders (addiction/craving, with the cathode over the left orbi-
tofrontal cortex). In addition, evidence of level C (option, 
possibly effective) has been obtained for anodic tDCS of 
the left (or side contralateral to pain) of the primary motor 
cortex in chronic neuropathic leg pain in patients with spi-
nal cord injury (with the cathode over the right orbitofrontal 
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thodic tDCS using a standard 4 × 1 electrode montage were 
compared. tDCS with the standard electrode montage was 
performed using large electrodes: the stimulation electrode 
(7 × 5 cm) was positioned over the cortical representation of 
the target muscle and the reference electrode (10 × 10 cm) 
over the right orbital area. HD-tDCS was run using small 
(external radius 12 mm, internal radius 6 mm) ring elec-
trodes; the central electrode was also located over the corti-
cal representation of the target muscle and the four reference 
electrodes were located 3.5 cm from it. Thus, the effects of 
stimulation electrode polarity (anodic/cathodic) and elec-
trode type (standard-size electrodes/HD electrodes) were 
compared. In both cases, tDCS used an intensity of 2 mA and 
a stimulation duration of 10 min. Recording of MEP showed 
that anodic stimulation with both electrode montages led to 
increases, while cathodic stimulation led to decreases in the 
level of motor cortex excitability. At the same time, when 
HD-tDCS was used, the most marked modulation of motor 
cortex excitability was seen later (30 min after the end of 
stimulation) and lasted longer (more than 2 h) than with the 
standard electrode montage. Data showing the longer-lasting 
modulatory effect of HD-tDCS may be very important for 
the therapeutic applications of this method [52].
 The principles underlying HD-tDCS can be used for 
further development of the tES method. Thus, small ring 
electrodes can be used for multifocal stimulation of the 
brain, in which large numbers of stimulation electrodes are 
positioned quite close together [9, 23]. Use of this approach 
allows simultaneous stimulation of multiple brain areas 
forming a network, with collection of data on the optimum 
electrode positioning and current intensity on the basis of 
individual neuroimaging data, particularly resting function-
al MRI scans (fMRI) with assessment of functional con-
nectivity [80]. This provides for simultaneous stimulation 
of brain areas characterized by synchronous oscillations 
in spontaneous activity. Use of multifocal stimulation of 
parts of neural networks produces increases in the extent 
and duration of the neurophysiological effect as compared 
with stimulation electrodes of the same sizes but distributed 
in the standard way [30]. These preliminary data open up 
wide potentials for further studies of the neurophysiologi-
cal effects and clinical effi cacy of multifocal stimulation of 
neural networks.
 Another example of a modifi cation of the HD-tDCS 
method consists of stimulation with an alternating rather 
than direct current (HD-tACS) with a 4 × 1 montage [42, 77], 
though this protocol has received signifi cantly less study.
 4. Clinical application of HD-tDCS. Despite the 
relatively short period since introduction of the HD-tDCS 
method into research practice, several reports have been 
published addressing the effects of stimulation in a variety 
of nervous system diseases.
 Tinnitus. One of the best studied indications for use of 
HD-tDCS is tinnitus [15, 43, 48, 49, 81, 82]. The common-
est targets are the parietal-temporal area and the prefrontal 

(insula, cingulate gyrus, thalamus, brainstem structures, and 
other areas) in HD-tDCS was small as compared with the 
standard electrode montage [19].
 It needs to be emphasized that the most intense cur-
rent observed on use of the standard electrode montage is 
between the electrodes, while in HD-tDCS it is in the area 
containing the central electrode [20, 22]. A decrease in the 
distance between the central and reference electrodes in 
HD-tDCS leads to increases in stimulation focality [19]. 
Increases in this distance can lead to increases in the inten-
sity, as well as the width and depth of the distribution of the 
electric current [22].
 The greater stimulation focality in HD-tDCS provides 
more targeted and controllable modulation of the activity of 
defi ned cortical areas. Modeling of the electric fi eld distri-
bution is extremely important, as it allows use of montages 
infl uencing only the target area of the brain. Furthermore, 
use of HD-tDCS has been seen to produce greater interin-
dividual variability in electric fi eld distribution [60], which 
makes it necessary to use modeling taking account of indi-
vidual anatomical characteristics for personalization of the 
various parameters of stimulation protocols [22].
 When four reference electrodes are used, the direction 
of modulation of arousal of the target area in HD-tDCS is 
determined largely by the polarity of the central electrode, 
whereas use of the standard electrode montage requires 
consideration of the physiological effects of both electrodes 
[87]. At the same time, it is important to note that use of 
HD-tDCS does not address the question of the arbitrariness 
of the conventional dichotomous assessment of the effects 
of anodic and cathodic stimulation as activatory and inhibi-
tory, respectively [33].
 Apart from the 4 × 1 montage, research practice also 
makes use of a 2 × 2 montage, in which four electrodes are 
positioned at the corners of a square (size 4 × 4 cm) cen-
tered with respect to the stimulation target area. The two 
anodes are placed rearmost and the two anodes foremost in 
relation to the target area, such that it is stimulated in the 
back-to-front direction. Data obtained from modeling the 
electric fi eld distribution indicate that this montage allows 
even greater stimulation focality than the 4 × 1 montage 
because of the smaller distance between electrodes with dif-
ferent polarities [19].
 Physiological effects. A number of studies have ad-
dressed the physiological effects of HD-tDCS in healthy 
volunteers. HD-tDCS, like standard protocols, has been 
found to be able to modulate arousal of the motor cortex 
[14, 52]. HD-tDCS of the motor cortex was shown to be 
able to decrease the thresholds of cold and heat sensitivity 
[12]. In addition, studies in healthy volunteers demonstrated 
differences in the neuropsychological effects of HD-tDCS 
(see for example [18, 34, 41, 45, 51]). Detailed analysis of 
these studies is beyond the remit of this article.
 Results obtained from studies reported by Kuo et al. 
[2013] are of great interest – the effects of anodic and ca-
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 Thus, further studies are needed before any conclusions 
can be drawn regarding the effi cacy of HD-tDCS in tinni-
tus. The protocol of a planned controlled trial including 100 
patients with tinnitus was published in 2019; this will as-
sess the effects of six sequential HD-tDCS sessions. Another 
feature of this study will be the use of a montage with two 
targets - the right dlPFC and the left temporal area [15].
 Chronic pain. A controlled study including 24 pa-
tients with temporomandibular joint dysfunction showed 
that delivery of fi ve sessions of motor cortex stimulation 
contralateral to the painful side produced statistically sig-
nifi cant reductions in pain intensity as compared with sham 
stimulation; the effect lasted at least four weeks [25]. This 
study used a 2 × 2 montage in which small ring electrodes 
were located in pairs (two anodes at C3 and C5 and two 
cathodes at FC3 and FC5) at the corners of a square of side 
4 cm and its center over the caudal part of M1 (the pre-
sumptive location of the representation of the masticatory 
musculature and tongue). Stimulation duration was 20 min 
and current strength was 2 mA. Another study with a cross-
over design evaluated the effect of single sessions of anodic 
or cathodic HD-tDCS of the primary motor cortex (M1) of 
the left hemisphere in patients with fi bromyalgia [90]. Both 
active protocols were found to produce statistically signifi -
cant reductions in the perception of pain as compared with 
controls, though effects immediately after stimulation were 
seen only in the cathodic stimulation group, with effects 
demonstrated in both groups 30 min after stimulation.
 Castillo-Saavedra et al. ran an open phase II study and 
found that clinically signifi cant decreases in pain severity 
(decreases in pain intensity by more than 50% from initial 
on a visual analog scale) in patients with fi bromyalgia on 
average required 15 sessions of anodic stimulation of M1 
in the left hemisphere (anode at C3, cathodes at Cz, T7, 
P3, and F3) [16]. The responder rate was 50%. Larger and 
randomized, comparative trials are required to refi ne the 
pain-controlling effects of various HD-tDCS protocols.
 Stroke. Occasional reports have been published of 
studies of the effects of HD-tDCS in poststroke patients to 
improve motor and speech functions.
 Poststroke hemiparesis. Utilization of noninvasive 
modulation methods in poststroke hemiparesis is current-
ly based mainly on interhemisphere competition theory. 
According to this theory, a lack of physiological inhibition 
by the stroke-affected hemisphere leads to the development 
of hyperexcitability of the motor cortex of the unlesioned 
hemisphere. This leads to an excess pathological inhibition 
of the motor cortex of the lesioned hemisphere by the unle-
sioned. Thus, poststroke hemiparesis mostly uses noninva-
sive stimulation protocols increasing the excitability of the 
motor cortex of the lesioned hemisphere and/or decreasing 
that of the unlesioned hemisphere [1, 24].
 A controlled study reported by Bao et al. compared the 
effects of anodic and cathodic HD-tDCS combined with iso-
metric voluntary contraction of the wrist extensors immediate-

cortex. Stimulation of the temporal area is with the anode 
positioned midway between C3 and P5 and the cathodes 
over C5, TP7, CP3, and P5, while stimulation of the pre-
frontal cortex uses the anode over F4 and the cathodes over 
F3, FC4, F6, and AF4. A study reported by Jacquemin et al. 
compared two tDCS protocols (in one the electrodes were 
located over the dorsolateral prefrontal cortex (dlPFC) on 
both sides and in the other the electrodes were positioned 
over the right supraorbital and left temporal areas) using 
standard-size electrodes and HD-tDCS of the right dlPFC. 
Statistically signifi cant improvements were seen in all 
groups, though there were no statistically signifi cant differ-
ences in the magnitude of the effect between groups [48].
 Stimulation duration and intensity may be of great 
importance when HD-tDCS is used in tinnitus patients. 
Shekhawat et al. showed that the greatest effect of HD-tDCS 
was obtained with exposure for 20 min and a current of 2 mA 
(the study compared stimulation intensities of 1 and 2 mA 
and durations of 10 and 20 min). In another small controlled 
study, this same group of authors showed that statistically 
signifi cant reductions in the loudness of subjective noise 
were obtained only after 15 and 20 min of anodic stimulation 
of dlPFC of the right hemisphere (anode at F4, cathodes at 
F2, FC4, F6, and AF4) but not after 5 and 10 min [82].
 One approach to increasing the effi cacy of HD-tDCS 
in tinnitus consists of combining this method with other 
therapeutic interventions. Thus, Henin et al. ran a random-
ized, controlled study seeking to determine the effi cacy 
of the combined of HD-tDCS with compensatory audito-
ry stimulation (CAS). HD-tDCS used a 2 × 2 montage in 
which the cathodes were located over the lateral prefrontal 
cortex and the anodes over the primary auditory areas on 
both sides. Electrode positioning was refi ned using special 
software to fi nd the ideal anode position for stimulation of 
the superior temporal gyrus and the adjacent nucleus. In 
this study, neither the combination of HD-tDCS with CAS 
nor HD-tDCS alone had any statistically signifi cant effect 
as compared with sham stimulation, which the authors felt 
was due to lack of power in the study [43].
 One of the main limitations of all these studies is that 
effects were assessed subjectively, and particularly the use 
of self-assessment questionnaires. The study reported by 
Jacquemin et al. objectively assessed HD-tDCS effects us-
ing brainstem auditory evoked potentials. The study includ-
ed 22 patients with tinnitus and showed that HD-tDCS was 
followed by decreases in the latencies of the N1, P2, N2, 
and P3 peaks, along with an increase in the amplitude of the 
N2 peak, which the authors felt might refl ect more effective 
processing of sound signals and involvement of synchro-
nized neuron ensembles in the auditory cortex [49]. At the 
same time, the observed neurophysiological changes did 
not correlate with scores on the Tinnitus Functional Index 
(TFI). Furthermore, the study lacked a control group, which 
makes it diffi cult to identify a cause-effect relationship be-
tween the results obtained and the interventions performed.
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tween the frontal and parietal areas, the frontal and parietal 
areas, the frontal areas on each side, and the central areas on 
each side. Statistically signifi cant increases in CRS-R scores 
were seen on stimulation days 7 and 14, while no signifi cant 
effect was found after single sessions. It is important to note 
that fi ve patients in a vegetative state (VS) showed no change 
in status, while four of six patients in a minimally conscious 
state (MCS) showed a qualitative transition from MCS– to 
MCS+. A statistically signifi cant reduction in central-parietal 
coherence was seen only after 14 days of stimulation, but 
not at other time points. Statistically signifi cant reductions 
in frontal and parietal interhemisphere coherence were seen 
at both seven and 14 days of stimulation but not after single 
sessions [39]. Thus, prolonged application of HD-tDCS may 
provide for improvements in the recovery of patients with 
chronic impairments of consciousness. Cai et al. studied 28 
patients with CIC who received anodic stimulation of the pa-
rietal area (anode at Pz, cathodes at Cz, C3, C4, and POz) 
once daily for two weeks. Statistically signifi cant increases 
in total scores on the CRS-R were seen in patients with MCS 
but not those with VS. Qualitative changes in the level of 
consciousness were seen in seven patients: six with MCS– 
transitioned to MCS+ and one with VS started to show signs 
of consciousness (MCS–). Clinical improvements were 
linked with reductions in activity power in the δ range and 
increases in power in the α range. The most important limita-
tion of both studies was the lack of a control group [13].
 Epileptic encephalopathy. The infl uences of tDCS on 
cortical excitability and the mechanisms of synaptic plastici-
ty, as well as the ability to produce local actions, create the 
conditions required for use of this method in the treatment 
of epilepsy. Meiron et al. published a clinical case of the 
use of ten sessions of HD-tDCS in a 30-month-old patient 
with early-onset epileptic encephalopathy [58]. Despite the 
absence of any reduction in attack frequency, there was a 
reduction in sharp-wave amplitude in the interictal period, 
which is evidence that the method can infl uence epilepti-
form activity. The same group published a clinical case of 
use of 20 sessions of HD-tDCS in a 40-month-old patient 
with Otahara syndrome [59]. These observations demon-
strated that HD-tDCS had both clinical (decreases in the 
frequency of myoclonic seizures) and neurophysiological 
(decreases in the frequency of interictal epileptiform dis-
charges) effects. The published studies may provide the ba-
sis for future controlled investigations to assess the effi cacy 
of HD-tDCS in patients with epilepsy.
 Nonpsychotic disorders. Parlikar et al. reported success-
ful application of 20 sessions of anodic HD-tDCS (anode at 
FCz, cathodes at Fz, FC4, FC3, and CPz) in three patients 
with obsessive-compulsive disorder (OCD) [70]. Hampstead 
et al. published HD-tDCS results from six patients with 
post-traumatic stress disorder. Five of the six patients re-
ceived at least eight sessions of anodic HD-tDCS to the lateral 
temporal cortex of the right hemisphere (anode at T8). Four 
patients showed positive clinical effects. In addition, differ-

ly before stimulation and 10, 30, and 50 min after completing 
a single 10-min session. The central electrode (the anode) was 
positioned over the motor cortex of the lesioned hemisphere 
(electrode C3/C4 depending on stroke lateralization), and 
four cathodes were placed around the central electrode (F1, 
F5, P1, and P5 or F2, F6, P2, and P6, respectively). The infl u-
ences of various protocols on corticomuscular coherence and 
the spectral power of cortical rhythms were evaluated. These 
studies showed that only anodic and not cathodic stimulation 
or sham stimulation affected corticomuscular coherence, with 
the maximum effect being seen 10 min after stimulation [8].
 Another study assessed the effects of single sessions 
of anodic and cathodic HD-tDCS of the motor cortex of the 
lesioned hemisphere combined with training on an exercise 
bicycle on gait kinematics. In addition, infl uences on motor 
cortex excitability were evaluated by analysis of MEP am-
plitude in TMS [50]. Both anodic and cathodic HD-tDCS 
were found to have no effect on kinematic gait parameters, 
walking speed, or MEP amplitude in the tibialis anterior 
muscle. Despite obtaining negative results, studies of the ef-
fects of multiple stimulation sessions and use of individual 
modeling of electric fi eld tension depending on the location 
and size of foci is a potential direction for further research.
 Aphasia. A small study reported by Richardson et al. 
included eight patients and compared the effi cacies of HD-
tDCS and tDCS with standard-size electrodes. Both stan-
dard and HD electrodes were positioned on the basis of 
individual structural and functional (using an object-nam-
ing paradigm) MRI data. In studies using standard elec-
trodes, the anode was positioned over the area of maximal 
fMRI activation in the left hemisphere and the cathode in 
the supraorbital area on the right. Statistically signifi cant 
improvements in object-naming accuracy and speed were 
seen in both groups, without any statistically signifi cant 
between-group differences in effect magnitudes [78]. It is 
important to note that this study lacked a control group. 
Studies run by Fiori et al. showed that fi ve sequential ses-
sions of cathodic HD-tDCS of Broca’s area in parallel with 
speech therapy (verb naming) led to a statistically signifi -
cant improvement in verb naming as compared with sham 
stimulation, the effect lasting one week. An effect was seen 
only at a current strength of 2 mA, while use of a 1-mA 
current was ineffective [29]. The small number of studies 
means that no clear assessment can be made of the effects 
found or the benefi ts of HD-tDCS in aphasia.
 Chronic impairments of consciousness (CIC). Two 
studies have been published addressing the possible behav-
ioral and neurophysiological effects of HD-tDCS in patients 
with chronic impairments of consciousness [13, 39]. Guo et 
al. reported a study including 11 patients receiving 20-min 
stimulation twice daily for 14 sequential days using a cur-
rent of 2 mA. The centrally positioned anode was placed over 
the precuneus. Behavioral effects were evaluated using the 
Coma Recovery Scale Revised (CRS-R), while neurophys-
iological effects were assessed by analysis of coherence be-
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the scalp and an increase in the current density [87]. In ad-
dition, while cutaneous sensations on use of the standard 
montage (tingling, burning, itching) generally arise only at 
the beginning of stimulation [31], they can occur through-
out the stimulation period in HD-tDCS [79]. There are as 
yet no data indicating that this fact limits the safety of using 
HD-tDCS, though it may require a change in approaches to 
creating sham stimulation for controlled clinical trials [32]. 
A study run by Minhas et al. using fi ve electrode versions 
and seven gel types found no cases of skin damage with 
HD-tDCS, while unpleasant sensations ceased immediately 
after stimulation ended [61].
 In 2018, Reckow et al. published results from studies 
of safety and tolerance of HD-tDCS in 101 healthy volun-
teers (mean age 69.7 years) with stimulus intensities of 2 and 
3 mA and compared measures with sham stimulation using 
different electrode montage variants (central electrode over 
P5, Pz, T8, or T7). Serious adverse events (AE) were not 
seen. No statistically signifi cant differences in the frequen-
cy of AE during the fi rst session between the active stimu-
lation and sham stimulation were seen. There were also no 
statistically signifi cant differences in the frequency of AE on 
comparison of HD-tDCS at intensities of 2 and 3 mA. The 
most frequent AE in HD-tDCS were found in this study to 
consist of tingling (59% in the active group and 56% in the 
sham stimulation group) and burning sensations (51% in the 
active group and 50% in the sham group), mild in most cas-
es. Strong tingling and burning were recorded in fewer than 
4% of sessions. Other AE (itch, scalp pain, headache, drows-
iness, changes to concentration and mood, and others) were 
seen in smaller numbers of cases. Thus, the results of this 
study demonstrated that HD-tDCS has good tolerance and 
safety in adults at stimulus intensities of 2 and 3 mA [76]. 
Furthermore, the safety and good tolerance of HD-tDCS have 
also been shown in several studies in both healthy people [12, 
14, 52, 65] and patients with nervous system diseases [40, 78, 
82]. Safety and good tolerance have also been demonstrated 
in healthy people receiving repeated (up to 20 daily sessions) 
simultaneous stimulation of multiple parts of the brain [88].
 6. Conclusions. HD-tDCS is a relatively new method 
for noninvasive neuromodulation and has potential. Studies 
to date have shown that as compared with the standard 
electrode montage, HD-tDCS has a more local action on 
the brain, which can be accompanied by increases in the 
duration and extent of the stimulation effect. It is diffi cult 
to draw conclusions regarding the clinical effi cacy of this 
method of transcranial electrical stimulation because many 
results are contradictory. Most studies have limitations 
linked with small cohort sizes and lack of controls. Large 
multicenter, randomized trials are needed, as well as fur-
ther development of approaches directed to increasing the 
precision and personalization of the use of HD-tDCS with 
refi nement of the neurophysiological effects, individual 
stimulation protocols based on models of the electric fi eld 
distribution, determination of effi cacy predictors, etc.

ently directed changes in the connectivity of the stimulation 
area were demonstrated [40]. However, both of these studies 
lacked control groups. there are plans to run a pilot controlled 
study addressing the effi cacy of HD-tDCS in patients with 
anorexia [72]. All patients will receive 10 sessions of anodic 
stimulation of the inferior parietal lobe (anode at P3, cathodes 
at CP3, P1, P5, and PO3). Results will be assessed immedi-
ately after the end of stimulation and at four and 12 weeks.
 Psychotic disorders. Among the large spectrum of 
psychotic disorders in which the effects of tDCS have been 
investigated using standard electrodes, HD-tDCS has been 
used only in patients with auditory hallucinations in schizo-
phrenia and dementias of various origins. Mukku et al. re-
ported two cases in which HD-tDCS was used in patients 
with dementia. In the fi rst case, a patient with Lewy body 
dementia received cathodic stimulation of the left pari-
etal-temporal area (cathode at Cp5, anodes at FT7, FC3, P1, 
and PO7). After 10 stimulation sessions (twice daily for fi ve 
days), there was a reduction in the score on the Auditory 
Hallucinations Rating Scale (AHRD), along with reduc-
tions in the frequency and duration of auditory hallucina-
tions [64]. In the second case, this protocol was used in a 
patient with Alzheimer’s disease. A minor effect was seen 
after 10 sessions, such that the patient received a further 10 
sessions, which was followed by a signifi cant reduction in 
the AHRS score and subjective decreases in the frequency 
and duration of hallucinations [64]. It should be empha-
sized that this study used subjective assessment methods 
and lacked controls. Finally, an open study reported by 
Sreeraj et al. showed that 10 stimulation sessions (twice 
daily for fi ve sequential days) to the parietal-temporal junc-
tion of the left hemisphere (the montage described above 
was used) signifi cantly decreased auditory hallucinations in 
schizophrenia patients [84]. However, despite the effi cacy 
data obtained, determination of the place of HD-tDCS in the 
treatment of auditory hallucinations in various neurological 
and psychiatric disorders requires further research,.
 Cognitive impairments. Occasional studies have been 
published assessing the infl uence of HD-tDCS on various 
cognitive functions. A controlled study conducted by Motes 
et al. demonstrated a statistically signifi cant effect using 10 
sessions of anodic stimulation of the preSMA/dACC area 
(anode at FZ, cathodes at FP1, FP2, F7, and F8) in the treat-
ment of impaired verbal reproduction persisting for eight 
weeks in patients with traumatic brain injury [63]. An open 
trial in elderly patients with depression showed that HD-
tDCS to the left dlPFC (anode at F3, cathodes at FC1, AF3, 
F7, and FC5) affected cognitive functions and the symp-
toms of depression [93].
 5. Safety and Tolerance of HD-tDCS. Safety and 
tolerance are important for the clinical use of HD-tDCS, 
including repeated application and use at different stimu-
lation intensities. HD-tDCS can produce more severe skin 
sensations than the standard montage [32], which may be 
associated with an increase in current shunting through 
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