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Modelling of the electric field distribution in the brain
during tDCS

A. V. Ashikhmin∗ and R. R. Aliev∗†

Abstract — We simulated the electric current distribution in the brain during transcranial direct cur-
rent stimulation (tDCS) using an anatomically accurate human head model. We estimated an effect of
common electrode montages on spatial distribution of the electric field during tDCS procedure and
analyzed a sensitivity of the technique to variations of electrode size and orientation. We concluded
that the used electrode montages are stable with respect to minor changes in electrode size and pos-
ition, while an assumption of homogeneity and isotropy of the head model results in crucial changes
of the electric field distribution. We determined the electrode montages suited to deliver strong effect
on hippocampus and cerebellum.
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Transcranial direct current stimulation (tDCS) is a noninvasive technique for human
brain stimulation, which uses weak current delivered via electrodes on the scalp.
The technique allows to control intracranial current flow to alter neuronal activity
and behaviour [26] by depressing neuronal excitability during cathodal stimulation
(hyperpolarization) or facilitating excitations during anodal stimulation (depolariz-
ation) [28]. Interest to tDCS has been growing over the last decades as the method
can be utilized for numerous therapeutic and research purposes. Considering the
variety of electrodes positions on the scalp, transcranial stimulation gives a wide
range of possible applications, including treatment of psychiatric and neurological
disorders such as depression [25], Parkinson’s disease [5], epilepsy [27], as well as
improvement of executive functions [15], motor and cognitive activities [26].

Measuring of current induced through the scalp either in vivo or in vitro exper-
iment is a challenging study. Thus, an estimation of the electric field distribution
within the volume of human head and brain requires extensive numerical compu-
tations. The range of earlier implemented computational models spreads from sim-
plified geometries of head and electrodes [22] (concentric spheres and points, re-
spectively) to complex multi-layered meshes, taking into account tissue anisotropy
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Figure 1. Mesh elements quality histogram.

Table 1.
The mesh statistics.

Mesh statistics parameter Value

Number of tetrahedral elements 1.67×106

Number of triangular elements 5.4×105

Mesh volume 3.06 L
Average growth rate 3.48
Growth rate standard deviation 2.51
Average element quality 0.5
Element quality standard deviation 0.19

and heterogeneity [2,31], as well as various electrode systems [6,7]. Recent studies
have used grey-scaled MR images to generate brain and head models [2, 31].

In the present paper we present the results of computer simulations carried out
on a computer model that has been created using raw experimental data. The model
includes an accurate representation of major internal structures, brain cortex, white
and grey matter from a segmented whole-head MR data set. In comparison with
other studies, our model has a neat mesh with the same number of basis elements.
Thus, it required less computational resources, while meeting the requirements for
the same detalization of the tissues. Appropriate conductivity values as well as an-
isotropy (conductivity tensor) were applied to all tissues. Electrodes of various sizes
and shapes typically used in tDCS experiments were modelled as saline-soaked
sponges. The main objectives of this research were: (a) to calculate the electric
field distribution across three electrode montages typical for neurology studies; (b)
to perform a sensitivity analysis determining the role of applied tissue heterogen-
eity and anisotropy; (c) to estimate an effect of size and orientation of electrodes
on intracranial current flow; (d) to calculate the electric field intensity across major
deep brain structures as well as parts of brain cortex, such as primary motor, visual,
somatosensory and dorsolateral prefrontal cortex.
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1. Methods

1.1. Model

A realistic human head model was reconstructed from MRI scans (woman, 23
years). Anonymized data were retrieved from the NIH functional connectomes re-
pository. To segment these images with 1 mm resolution we used BrainSuite (ver-
sion 14b1) for head and skull tissues [8, 33] and Harvard FreeSurfer (version 5.3.0)
for CSF, white and grey matter [14] and for subcortical neuroanatomical struc-
tures [13]. Finally, electrodes were introduced to the model and finite element
mesh was generated, using an open-source surface and volumetric mesh gener-
ator iso2mesh [9]. This software allows us to control mesh density in the separ-
ate parts and regions. To prevent intersections between adjacent surfaces and to
eliminate volume defects, all the surfaces were converted into binary images that
were subjected to additional correction. As a result we obtained multilayer head
and brain geometry that included white and grey matter, cerebrospinal fluid, com-
pact and spongy bones of the skull, and scalp. The realistic head model consisted of
1.67×106 tetrahedrons with average edge length of 2.7 mm and standard deviation
of 1.6 mm. Quality of the generated mesh was estimated using Joe–Liu mesh quality
metrics [21]. Figure 1 presents the quality metric distribution for all tetrahedrons of
the whole head model. Additional mesh statistics parameters are in Table 1, where
growth rate is the difference in size of two adjacent mesh elements.

1.2. Electrodes

To simulate typical tDCS procedures we considered a bipolar system of electrodes
including an anode (positive) and a cathode (negative). As the montages of the elec-
trodes vary significantly among different transcranial stimulation researches [26],
we have chosen four most frequent placements and three configurations: each elec-
trode was represented as 5× 7 cm2 rectangular sponge, 5× 5 cm2 square pad and
5× 3 cm2 smaller rectangular electrode. The design of the electrodes is typical for
a transcranial stimulation set-up. To simulate realistic experimental conditions, we
assumed that the pads did not have an ideal contact with the skin: a gap between the
sponge and the scalp was filled with an electrode gel (a highly conductive medium).

Electrode placements for a 5× 7 cm2 rectangular pad configuration are shown
in Fig. 2 and described as follows (positions are given in accordance with the com-
monly used in neurophysiology 10–20 system of markers, where the actual dis-
tances between adjacent electrodes are either 10% or 20% of the total front–back or
right–left distance of the skull [20]):

(a) The anode was placed over F7-FT7 marks of the 10–20 system with the upper
edge of the pad 1.5 cm above the eye socket and the long axis parallel to the
horizontal line. The cathode was placed over right mastoid around P8-TP8
with the long axis parallel to the vertical line.

(b) The anode was placed over primary somatosensory cortex around Cz-CPz
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(a) (b) (c) (d)
Figure 2. The considered electrode positions.

EEG cap markers. The cathode was placed above the arcus superciliaris on
the right with the long axis of the rectangular pad parallel to the horizontal
line.

(c) The anode was placed above the arcus superciliaris on the left with the long
axis of the rectangular pad parallel to the horizontal line. The cathode was
placed over right mastoid around P8-TP8 EEG cap electrode side with the
long axis parallel to the vertical line.

(d) The anode was placed over gigantopiramidal, agranular and intermediate
frontal zones around Fz electrode side with the long axis parallel to the sagit-
tal plane. The cathode was placed over the occipital lobe around Oz marker
with the long axis parallel to the horizontal line.

1.3. Conductivities

Each layer of the model was assumed to be electrically homogeneous and isotropic,
except for white matter whose anisotropy is specified in the following paragraph.
The tissue conductivities represent the average values (Table 2) taken from ex-
perimental studies [1–3, 16, 18, 19, 29, 31, 32, 34]; the value for electrode saline-
soaked sponge was estimated for a saline solution for concentration of 100 mM; the
value for electrode gel conductivity was taken from manufacturers data. The stud-
ies [32, 34] have shown that white matter anisotropy leads to significant deviation
in the local electric field value. Numerical modelling and experimental data have
demonstrated that longitudinal conductivity is ten times higher than the transverse
conductivity of white matter [24, 32, 35]. All these facts were incorporated into the
current model.
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Table 2.
The tissue conductivities.

Tissue type or compartment Electrical conductivity value (S/m)

Scalp (skin and fat) 0.41 [19]
Skull (spongy bone) 0.028 [1]
Skull (compact bone) 0.006 [1]
Skull tissues (average value) 0.015 [29]
CSF 1.79 [3]
Grey matter 0.31 [16]
White matter (average) 0.15 [16, 24]
White matter (longitudinal) 0.65 [16, 24]
White matter (transverse) 0.065 [16, 24]
Electrode saline-soaked sponge (100 mM) 1.4
Electrode gel 2.5

1.4. Current distribution model

In this study each layer of the head and brain as well as other parts of the model
were assumed as passive conductors. To simulate the current distribution we solved
a Laplace equation for the electric potential with the following boundary conditions
on the electrodes:

∇ · (−σ∇ϕ) = 0 in Ω

jn = 0 in ∂Ω\S{
ϕ =±V in S∫∫
S

jn ds = I (1.1)

where ϕ is the electric potential, jn is a normal component of the electric current
density, σ is the conductivity tensor, S is the electrode area, the current I was set to
1.5 mA.

Consequently, the current density for 5×7 cm2 rectangular pad electrodes was
approximately ±0.4 A/m2. For test simulations we use the direct solver with con-
stant positive voltage +V applied to the anode and negative voltage −V applied to
the cathode. Then we check the boundary condition for normal component of the
electric current density as in (1.1) using data from the solution. We continue to vary
the applied voltage in the model until condition (1.1) will be fulfilled as the ac-
tual tDCS device realizes during the procedure. This voltage is considered as a true
voltage that provides both required total current value injected through the scalp and
a uniform potential distribution in the electrodes area of the scalp. The following re-
strictions were also applied to the model: continuity of the normal component of
current density on all internal surfaces; zero normal component of current density
on external surface (electrical insulation).

The electric field at all nodes of the mesh was calculated as the gradient of the
electric potential and the current density in tissues was obtained as product of the
electric field value and the electrical conductivity of the related brain tissue:

E = ∇ϕ, j = σE.
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For the sensitivity analysis electric field was calculated for the Fz-Oz electrode
placement (see Fig. 2d) to check the influence of tissue heterogeneity and aniso-
tropy as well as the effect of electrode size and orientation. In order to analyze the
influence of electrode size, the anode was replaced with 5× 5 cm2 and 5× 3 cm2

smaller ones with the same centering; to analyze the influence of electrode orienta-
tion anode was turned by 90 degrees and then the average effect was calculated as
the absolute and relative differences in maximum and average electric field value.

To estimate the electric potential distribution we used finite element numerical
solver COMSOL Multiphysics (version 5.0). It implements both a conjugate gradi-
ent method and an iterative solver (GMRES) with incomplete LU factorization as
a preconditioner. Calculations were performed on a workstation with 2 GHz Intel
Core i7-3667U and 16 GB 1600 MHz RAM running on OS X 10.10. Since the
tolerance of potential measurements in neurons is of the order of microvolts and
typical value of extracellular potential in the brain is of the order of millivolts, a
direct solver for the stationary equations was set to 10−3 relative error tolerance.
So it took about 5 min for each simulation with approximately 2.2×106 degrees of
freedom.

2. Results

2.1. Effects of tissue heterogeneity

To study the effect of tissue heterogeneity, we applied four different sets of con-
ductivity values to all tissues of the head model as it was proposed in [6, 23]. The
changes were implemented to the Fz-Oz electrode configuration (see Fig. 2d), where
conductivity of electrodes and scalp has been set to the original values (Table 2). In
the first set white and grey matter conductivities were changed to σ0 = 0.41 S/m (av-
erage conductivity of the head [16, 19]). Then the following variations of conduct-
ivities from Table 2 were applied: in the second set conductivity of cerebrospinal
fluid was changed to σ0; in the third set conductivity of skull was changed to σ0;
in the last set conductivities of all tissues were changed to σ0, i.e., isotropic and
homogeneous head model.

Figure 3 presents the distributions of electric field on the brain cortex for differ-
ent conductivity sets. In particular, it demonstrates that in the inhomogeneous model
there is a shift of the maximum magnitude of the field from gyri to sulci. The effect
is seen as a shift of colour spectrum to the red side in sulci and to the blue side in
gyri (see Fig. 3). Estimations of the maximum and the average magnitude of electric
field in the brain for different conductivity sets are shown in Table 3. As a result, an
assumption of the head model homogeneity would lead to substantial deviation in
estimated quantities: to a ten percent decrease in the value of the maximum electric
field magnitude and to an almost twenty percent increase in the value of the average
electric field magnitude in comparison with data from the heterogeneous anisotropic
head model.
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(a) (b) (c) (d)
Figure 3. The effect of tissue heterogeneity on electric field on the grey matter surface. The top
row shows the distribution near the anode, the bottom row—near the cathode: (a) the isotropic and
homogeneous brain model with σscalp = σWM = σGM = 0.41 S/m, σCSF = 1.79 S/m, σskull = 0.015
S/m, (b) the model with lower CSF conductivity value σCSF = 0.41 S/m, σskull = 0.015 S/m, (c) the
model with higher skull conductivity value σskull = 0.41 S/m, σCSF = 1.79 S/m, (d) the fully isotropic
and homogeneous head model with σ = 0.41 S/m. Color bars scale to V/m.

2.2. Effects of tissue anisotropy

To demonstrate the effect of white matter anisotropy, we simulated a setup with
transverse (σyy = σzz = σWMtrans) and longitudinal (σxx = σWMlong) conductivities
being assigned to the average value (Table 2) as it was proposed in [7, 23]. A few
conductivity sets were tested. In the first conductivity set all the parameters were
specified as in the original model. In the second set white matter conductivity was
changed to the average value (σxx = σyy = σzz = σWMaver). Figure 4 illustrates the
electric field distribution: particularly, it demonstrates that introduction of the white
matter anisotropy to the model significantly changes the form of the electric field
under the anode. Table 3 shows the maximum and average electric field magnitude
in the brain across different conductivity sets. Comparison of the anisotropic and
isotropic heterogeneous model reveals a substantial 20% decrease in the value of
average electric field magnitude, while maximum electric field magnitude increased
less than 5%.

2.3. Effects of electrode size and orientation

To study the effects of electrode design variations, we have designed three mod-
els with typical anode configurations, widely used in clinical tDCS experiments:
5× 7 cm2, 5× 5 cm2 and 3× 5 cm2. Figure 5 demonstrates the electric field dis-
tribution for the model with these electrodes: particularly, we observe that the area
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Figure 4. The effect of white matter anisotropy. The top row is the distribution of the electric field
magnitude near the anode; the bottom row is the distribution near the cathode. Left and right columns
show distributions assuming anisotropic (σWMlong = 0.65 S/m, σWMtrans = 0.065 S/m) and isotropic
(σWMaver = 0.15 S/m) conductivity, respectively. Black rectangles mark the electrodes positions. Color
bars scale to V/m.

with the strongest field, invoked by an electrode (yellow spots in the figure), shifts
towards the opposite electrode if the electrode size is increased. Table 4 shows nu-
merical characteristics of the simulated field: the maximum and the average electric
field magnitude, absolute and relative errors for 5×5 cm2 and 3×5 cm2 anodes in
comparison with initial 5×7 cm2 and electrode focality estimation. Particularly, de-
creasing anode area by 60% (from 5×7 cm2 to 3×5 cm2) we obtained 5% growth
in the average and 12% growth in the maximum magnitude of the electric field,
while the relative difference across the nodes of the brain was about 10%. Des-
pite relatively small changes in the electric field value, there is a strong effect in
focality. Estimating focality as an area of the cortex with the electric field mag-
nitude higher than 0.3 V/m threshold, we have discovered almost 90% area increase
for previously mentioned anode designs (last column in Table 4). An increase of
the threshold reduces this area, while the focality effect grows. In case of 0.5 V/m
threshold we observed a 0.61 cm2 area for the 5×7 cm2 anode and a 1.6 cm2 area
for the 3×5 cm2 anode resulting in a 163% area increase.

Studying effects of anode orientation, we found slight changes in the electric
field distribution (Table 5). Reversing the anode orientation from horizontal to ver-
tical causes less than 1% change in both the maximum and the average electric field
value, and less than 2% in relative difference in comparison with the initial anode
orientation. In comparison with the previously mentioned effects of tissue inhomo-
geneity and anisotropy as well as effects of electrode size variation, the change of
anode orientation gives much smaller contribution in the electric field alteration.
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Table 3.
The effects of tissue heterogeneity and anisotropy. In column σWM: for anisotropic
model two values represent longitudinal (σWMlong = σxx) and transverse (σWMtrans =
σyy = σzz) components, respectively; for isotropic model one value represents average
conductivity (σWMaver = σxx = σyy = σzz). The conductivity of the scalp as well as de-
fault conductivity value was set to 0.41 S/m.

Conductivity, S/m Maximum magnitude of Average magnitude of
σskull σCSF σGM σWM electric field, V/m electric field, V/m

0.015 1.79 0.31 0.65 1.036 0.240
0.015 1.79 0.31 0.15 1.094 0.273
0.015 1.79 0.41 0.41 0.737 0.200
0.015 0.41 0.41 0.41 0.685 0.270
0.41 1.79 0.41 0.41 0.938 0.215
0.41 0.41 0.41 0.41 0.913 0.282

Table 4.
The effects of anode size variation. The values for the maximum and average magnitude of the
electric field were calculated for the entire brain volume. The errors were estimated relative to the
5×7 cm2 anode configuration.

Anode size Maximum Average Absolute Relative Cortex area with
magnitude of magnitude of error, mV/m error, % |E|> 0.3 V/m, cm2

E-field, V/m E-field, V/m

5×7 1.036 0.240 — — 85.1
5×5 1.099 0.250 9.2 3.8 122.4
3×5 1.164 0.252 25.5 10.6 158.6

Table 5.
The effects of electrode orientation. The values for the maximum and average magnitude of the
electric field were calculated for the entire brain volume. The errors were estimated in compar-
ison with the results for initial anode orientation.

Anode size Maximum magnitude of Average magnitude of Absolute Relative
electric field, mV/m electric field, mV/m error, mV/m error, %

7×5 1.038 0.241 4.5 1.9
5×3 1.162 0.251 2.1 0.9
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Figure 5. The effect of anode size variation. The top row demonstrates the distribution of the electric
field magnitude (in V/m) near the anode; the bottom row shows the distribution near the cathode.
Columns from left to right represent the results for three configurations of the anode: 5× 7 cm2,
5×5 cm2 and 3×5 cm2. Black rectangles mark the electrodes positions. Color bars scale to V/m.

2.4. Distribution of electric field and effects of electrode placement

The electric field on the cortex surface is shown in Fig. 6. Simulations show that
decrease of a distance between the anode and the cathode leads to shifting of the
strongest field on gyri from an area under the cathode (see Figs. 6a and 6c) to an area
between the anode and the cathode (see Figs. 6b and 6d). Particularly, considering
the electrode montage from Fig. 2a we observe the highest electric field magnitude
(yellow spots) in the area of the cathode (see Fig. 6a), while for montage from
Fig. 2b we observe the highest electric field magnitude (red and yellow spots) in the
area between the anode and the cathode (see Fig. 6b). However, the highest values
of the electric field magnitude in the whole brain model are buried in the sulci.
This statement is also confirmed in Fig. 7 that represents the distribution of the
electric field magnitude across different cuts. All these figures illustrate the electric
field predominance and current penetration rate both in cortex and in deep brain
structures. Therefore, looking through the cuts we can visualize the parts with the
strongest electric field.

Simulating electric field and current distribution in the brain, we approach a
practical question: Which brain structures can be stimulated with the particular elec-
trodes configuration? To estimate the effect of stimulation we use the average value
of spatially distributed magnitude of the electric field. Figure 8 presents a compar-
ison of the effects across deep brain structures and the parts of the cortex. We found
that an electrode montage with the anode placed at a greater distance from the cath-
ode (see Figs. 2a and 2c) leads to less shunting, i.e., more electric current reaches
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(a) (b) (c) (d)
Figure 6. The electric field distribution on the grey matter surface. Each column represents 5×7 cm2

electrode positions from Fig. 2. Each row stands for views: (1) top, (2) left lateral, (3) right lateral, (4)
frontal, (5) posterior view. Color bars scale to V/m.
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(a)

(b)

(c)

(d)

Figure 7. The electric field distribution in cross-sections of the brain. Each column represents a cross-
section view as in the very top. Each row represents 5×7 cm2 electrode positions from Fig. 2. Color
bars scale to V/m.
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Figure 8. Average magnitude and standard deviation of the electric field in the cortex and in deep
brain structures; (a), (b), (c), and (d) are electrode positions from Fig. 2. M1 — primary motor cortex,
V1 — primary visual cortex, S1 — primary somatosensory cortex, DLPFC — dorsolateral prefrontal
cortex.

the brain. Consequently, the electrode montage from Fig. 2b results in the highest
shunting effect. We discovered that the high shunting leads to lower effect on deep
brain structures and higher current penetration rate on the cortex. Meanwhile, the
other three montages had lower shunting effect, which led to stronger effect on deep
brain structures.
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3. Discussion

The aim of this paper is threefold: (i) to create a model for accurate simulations
of the electric field in the brain; (ii) to study the electric field distributions under
different conditions; (iii) to simulate common experimental and clinical set-ups. We
tested our model comparing the results of simulations with literature data [2, 6, 7,
22, 23, 30, 31]. In particular, we found that both tissue heterogeneity and anisotropy
are important tissue properties which cannot be neglected in realistic simulations.
Our study suggests 20% increase in average and 5% reduction in maximum mag-
nitude of the electric field in case of fully homogeneous model with σ = 0.41 S/m.
Reported data [23] show increase of 75% and 25% in average and maximum val-
ues, respectively, for model with σ = 0.33 S/m. Our data are in accordance with the
reported results; numeric differences are due to specificity of conductivity tensor as
well as non-identical electrodes placement, and head model geometry.

An important part of our work involves simulations of common experimental
and clinical tDCS set-ups. We found that replacement of the 5×7 cm2 anode with a
smaller 5×5 cm2 one led to slight changes in the electric field, while the 3×5 cm2

anode gave more than 10% difference across the nodes of the brain model in com-
parison with the 5×7 cm2 one. Although the changes in the electric field magnitude
associated with anode miniaturizing are mild, there is a sufficient alteration in focal-
ity (see Fig. 5). Parazzini et al. [30] obtained more than 20% growth in the median
electric field amplitude after replacement of the standard 35 cm2 anode with 10 cm2

electrode. Meanwhile, Miranda et al. [23] have shown, that changes of anode area
lead to weak changes in average electric field magnitude (less than 2.5% for the
same anode configurations). However, they also found that the area of the cortex
surface where magnitude of the electric field exceeds certain threshold was increas-
ing with decreasing electrode size. Particularly, the cortex surface with the electric
field magnitude exceeding 0.15 V/m threshold increased by almost 60% [23]. It was
also reported [2] that a displacement of the electrode by 1 cm leads to minor changes
in the electric field as well, more significant changes were mentioned in case of the
inter-electrode distance reduction, which led to less that 10% change in the electric
field magnitude. Consequently, our tDCS modelling shows that electrode orienta-
tion and slight displacement lead to minor changes, whereas anode area variation
gives much stronger effect in the electric field alteration and focality. The results
confirm the data from previous studies.

Although minor changes in the design as well as slight displacements of either
anode or cathode lead to insignificant deviations of the electric field in the brain,
our simulations demonstrate significant influence of electrode positions both on the
cortex and on deep brain structures. An important result of the study is that de-
pending on the montages, we can suggest the effects on particular brain structures.
For the electrode positions from Fig. 2a the anode was located over the temporal
lobe and the cathode was placed over the left part of the cerebellum. The electrode
montage from Fig. 2b represented the anodal stimulation of the primary motor and
primary somatosensory cortex and the cathodal stimulation of the right dorsolateral



Modelling of the electric field distribution in the brain 15

prefrontal cortex. For the electrode positions from Fig. 2c the anode is over the left
dorsolateral prefrontal cortex and the cathode is over the left cerebellum. Finally,
in the case of Fig. 2d the anodal stimulation was applied over the premotor cor-
tex, while the cathodal stimulation was applied over the primary somatosensory and
primary visual cortex. All these assumptions are directly corroborated with the res-
ults in Figure 8, which shows corresponding peaks of the electric field magnitude
for these structures.

It should be noted that the maximum and average electric field values in the
brain are similar to the reported in [6, 7, 22, 23, 30, 31]. For example, we estimate
peak cortical value of 1.04 V/m as compared to the literature data ranged from 0.3
to 1.5 V/m. The variations may be due to the differences in the electrode montages,
the applied conductivity values and deviations of the head model geometry.

3.1. Clinical application

Our research shows that there is a strong effect of tDCS on the electric field distribu-
tion in the cerebellum among placements with cathode located over P8-TP8 or Oz
markers (see Fig. 8). Several studies have shown that cerebellum directly involved
in motor control and motor learning [10,12]. Particularly, Ferrucci et al. have repor-
ted [10] an improvement in motor skills or cognitive activity after anodal cerebellar
tDCS. During the cathodal stimulation over the right part of the cerebellum for the
electrode montage from Fig. 2a and 2c, electric current flows in the tangential direc-
tion, having the highest rate of electric current induced in this structure (see Figs. 7
and 8). In case of Fig. 2d current mostly spreads in the normal direction, thus hav-
ing lower penetration rate in comparison with the electrode positions from Figs. 2a
and 2c [11]. Moreover, the research has revealed that both anodal and cathodal tDCS
over this brain structure blocked the reaction time decrease after repeating the work-
ing memory task, being independent of visual system involvement, while Galea et
al. [17] has reported the distinct roles for the cerebellum and primary motor cortex
during motor learning tasks in anodal tDCS procedure. We did not find link between
the current penetration rate in cerebellum and in primary visual and motor cortex as
well (see Fig. 8), whereas having the highest electric field intensity in cerebellum
for electrode positions from Figs. 2a, 2c and 2d and only slight changes in the elec-
tric field intensity between the electrode positions from Figs. 2c and 2d. Therefore,
our results are in agreement with the experimental data.

We have also discovered high electric field intensity in hippocampus for a tDCS
simulation with the anode located over the parts of the frontal cortex. Clinical trials
have reported both antidepressant effects and cognition enhancements that critically
linked to the neurogenesis in the dentate gyrus [4]. Fregni et al. have found [15] that
anodal tDCS applied over the left dorsolateral prefrontal cortex (see Fig. 2c) en-
hances accuracy in a three-back letter task in comparison with cathodal stimulation
of the same area or anodal stimulation of the primary motor cortex (see Fig. 2b).
Our results are in line with these findings for both left and right hippocampus.

The model has limitations due to the following reasons: the original MRI data
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has a limited coverage, being truncated at the level of C1-C2 cervical vertebrae;
the conductivities of all layers were simplified, while the actual tissues of the head
have heterogeneous and anisotropic characteristics; the white matter anisotropy was
simplified while the actual white matter anisotropy is more complex as retrieved
from DT-MRI data; automatic algorithms used for image segmentation and surface
generation has a limited accuracy and could not represent the real head model. Non-
etheless, employed model has sufficient precision to support the reported results.
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