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Abstract: For effective stimulation with tDCS, spatial focality of induced electrical field(EF) and current density(CD)

is one of the important factors to be considered. Recently, there have been some studies to improve the spatial focality 305
via different types of electrodes and their new configurations: some improvements using ring electrodes were

reported over the conventional pad electrodes. However, most of these studies assumed isotropic conductivities in

the head. In this work, we have investigated the effect of tissue anisotropy on the spatial focality of tDCS with the

4 + 1 ring electrode configuration via a 3-D high-resolution finite element(FE) head model with anisotropic con-

ductivities in the skull and white matter. By examining the profiles of the induced EF from the head models with

isotropic and anisotropic conductivities respectively, we found that the spatial focality of the induced EF significantly

drops and get diffused due to tissue anisotropy. Our analysis suggests that it is critical to incorporate tissue anisotropy

in the effective stimulation of the brain via tDCS.

Key words: Transcranial Direct Current Stimulation, Anisotropic Electrical Conductivity, High-resolution Finite Ele-
ment Analysis
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Table 1. List of high-resolution head models with different electrical conductivity settings

Model White Matter AR Grorm _ Skull AR Grad G
Iso 1:1(Iso) 0.14 0.14 1:1(Iso) 0.0132 0.0132
Aniso.WM10.SK2 1:2 0.0083 0.0116
Aniso.WM10.SK5 1:5 0.0045 0.0226
Aniso.WM10.SK7 1:10 0.065 0.65 1:7 0.0036 0.0253
Aniso.WM10.SK10 1:10 0.0028 0.0284
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Fig. 1. Cutting plane of FE head model. (a) coronal plane, (b) sagittal plane, () transverse plane
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Fig. 2. 3-D rendered head model with ring electrodes. (a)
configuration I: anode(in red) at C3, cathodes(in blue) at
near Cz, P3, T7, and F3, (b) configuration II: anode: at C3,
cathodes at near C1, CP3, C5, and FC3
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Fig. 4. Visualization of magnitude of the induced EF(V/m) and current density(A/m?) intensity on a coronal slice using the
configuration I: (a, d) from Iso, (b, e) from Aniso. WM10.SK2, and (c, f) from Aniso.WM10.SK10

(d (e)

TR 5 0T T4 119} 5 27V (Vim)at 25
(c, f) Aniso. WM10.SK10

S (A/m?) 7 AR o B3 AT

Current
Density
(Aim’}

()
o] A12}3}. (a, d) Iso, (b, €) Aniso. WM10.SK2,

Fig. 5. Visualization of magnitude of the induced EF(V/m) and current density(A/m?) intensity on a coronal slice using the
configuration II. (a, d) from Iso, (b, ) from Aniso.WM10.SK2, and (c, f) from Aniso. WM10.SK10
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