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Abstract: The unifocal technique for transcranial elec-
trical stimulation of the brain has lower stimulation
threshold and produces less discomfort than bipolar
technique. The unifocal technique uses as many as 12
neutral electrodes (cathodes), which are placed around
the head. We made a theoretical comparison between the
unifocal technique and a simpler three-electrode tech-
nique, which uses only two cathodes placed on opposite
sides of the head. The stimulation current fields were cal-
culated with an analytical three concentric spheres
model of the head. The results indicate that these two
metheds excite the brain similarly. The pain produced is
different due to different cathodal current densities in
the scalp. However, the three-electrode technique is sug-
gested as an useful compromise between the ease of use
and low pain.

INTRODUCTION

Different brain functions can be activated and investi-
gated by inducing electrical currents to the brain. This was
first performed using direct electrical stimulation [1]. Early
attempts to stimulate the brain transcranially [2] never
gained general acceptance, possible reasons being the
intense pain induced to patients or the lack of useful
responses, or both.

The first practical transcranial stimulation method was
presented in 1980 by Merton and Morton [3]. To stimulate
the motor area of the cortex they used a brief high-amplitude
capacitor discharge pulse, which elicited twitch-like move-
ments of associated muscles without undue discomfort. The
stimulating electrode (anode) was placed over the hand
motor area and the neutral electrode (cathode) on vertex.

Rossini et al. presented a method, which they called uni-
focal stimulating technique [4]. The stimulating electrode
was placed over the motor area, and the neutral electrode
consisting of a 1.5 cm wide steel belt was secured around
the head 1-2 cm rostral to the nasion-inion plane. Rossini et
al. reported that the stimulation threshold was significantly
lower in the unifocal than in the bipolar stimulation method
and discomfort to patients was considerably smaller. Stimu-
lation was even more tolerable, when the steel belt cathode
was replaced by separate cathodes (as many as 12), which
were placed around the head at regular intervals.

For the unifocal stimulation method to be successful, the
cathodal current is required to be evenly distributed around
the head. With a belt cathode this means that the skin-elec-
trode impedance should not vary along the length of the
electrode, which may be very difficult to achieve. More even
current distribution can be obtained with several separate
electrodes, if the skin under each electrode is carefully pre-

pared to equalize the impedances. The use of several elec-
trodes as cathode requires much preparation work before
investigation. Therefore, a simpler method would be desir-
able for clinical routine.

In this paper a theoretical comparison is presented
between unifocal method using 12 cathode electrodes and a
three-electrode method using only two cathode electrodes
placed on opposite sides of the head.

METHOD

The human head has a complex anatomy and physiology,
which are not easily modeled mathematically, therefore sim-
plifications are needed. The skull has a remarkably high
resistivity compared to the scalp and the internal tissues -
over 60 times higher. This has a marked effect on the current
distribution in the head and suggests, that there are three
main parts needed for the model: the scalp, skull and brain
(which includes all tissues inside the skull). These tissues
have a roughly spherical shape. Hence, the model of three
concentric spheres, in which three shells represent the brain,
skull and scalp, may be used [5]. Tissues were assumed to
be homogenous and isotropic with resistivities of 222 Q-cm,
17,600 Q-cm and 222 Q-cm for the brain, skull and scalp
respectively. The radii were 9.2 cm, 8.5 cm, and 8.0 cm for
the scalp, skull, and brain, respectively.

Current was injected into the model through point elec-
trodes on the scalp. The solution for potential in the brain,
skull and scalp for single electrode pair can be found in [5].
The solution for several electrodes was obtained by summa-
tion [6]. Current density was obtained as the negative gradi-
ent of potential over resistivity. In interpretation of results it
is important to notice that the current density throughout the
head is directly proportional to the total current through the
electrodes. Thus, stimulation current of one ampere was
used as unit current.

RESULTS

Figure 1 presents results from the three concentric
spheres model for the unifocal electrode configuration. Fig-
ure 2 presents the results for a simplified method, in which
12 cathodes are replaced with only two cathodes on oppns:te
sides of the head.

There is no difference between the cortical maximum
current densities of these two stimulation methods. The cur-
rent fields in the brain regions close to the stimulating elec-
trode are similar, The results indicate that the three-electrode
and unifocal configuration excite the brain similarly due to
almost identical current fields in the target region.

In the unifocal configuration the cathodal current densi-
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Figure 1. Stimulation current field for the unifocal stimu-
lation technique. 12 cathodes are placed at regular inter-
vals around the head.
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Figure 2. Stimulation current field for the three-electrode
technique. Two cathodes are placed at the opposite sides of
the head.

ties in the brain and scalp are very low, whereas in the
three-electrode configuration current densities are natu-
rally much higher near the electrodes. The two methods
excite the scalp differently due to the unequal cathodal
current densities in the scalp. Thus, the three-electrode
configuration may be more painful than the unifocal.

DISCUSSION

Unifocal stimulation technique produces a more radial
current field near the stimulating electrode than normal
bipolar stimulation [6]. Therefore, the pyramidal axons are
more effectively excited and the threshold of the motor
response is lower with the unifocal technique. The same
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effect can be achieved by using only two cathodes, instead
of the 12 needed in the unifocal method. The three-elec-
trode configuration is more practical than the unifocal
method, as the number of electrodes needed to be fixed is
reduced from 13 to three.

Rossini et al. suggested that the better comfort of the
unifocal stimulation would be result of less contraction of
muscles in the head {4]. However, Hikkinen et al.
reported, that the pain induced during the electrical transc-
ranial stimulation is originated from the sensory receptors
at different depths of the scalp [7]. The muscle responses
of the neck and face muscles do not contribute signifi-
cantly to the discomfort, nor are the pain sensitive struc-
tures in the base of the skull stimulated, but the pain is
evolved only locally from the activation of receptors in the
scalp.

The intensity of the pain sensation during the electrical
transcranial stimulation depends on the number of excited
receptors, or in other words, on the size of the excited area
in the scalp. If the cathodal current density becomes small
enough, the pain sensation may be reduced, as it seems to
be the case with the unifocal stimulation method. When
using three-electrode technique instead of bipolar stimula-
tion, the cathodal current density is halved, but still is quite
high. Because there are two cathodes instead of one, the
excited area is not necessarily reduced. Thus, the three-
electrode configuration produces more pain than the unifo-
cal method. However, the three electrode configuration is a
useful compromise between ease of use and low pain.
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