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Effects of skull and scalp thickness on EEG
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Abstract: This article presents some results of the effects
of skull and scalp thickness on EEG potentials. The elec-

skull was changed 0.5 mm steps from 2 mm to 15 mm. The
basic skull thickness was 5 mm. The potentials which were

trical fields in the brain have been calculated using both
an analytical and a finite element method approaches.
The results show that small changes in both skull and

calculated in other thicknesses were compared with the
potentials of the basic case. The differences between the
potentials of the basic case and the potentials of the other

scalp properties affect considerably the EEG potentials.

cases were determined bv means

of the relative difference

€.
INTRODUCTION
The significance of the skull thickness in the measured
EEG signal is evident, but in the analysis of the EEG it has
been totally ignored. However, the thickness of the real
human skull is very irregular. Since the thickness of the
skull varies depending on the location, it is quite important
to clarify the effect of the skull thickness on the EEG poten-
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METHODS

The three-concentric sphere model presented by Rush
and Driscoll [1] was used as the first tool. The outermost
shell represents the scalp, the middle shell represents the
skull and the innermost shell represents the brain. The resistivity is 17760 C) -cm for the skull and 222 A -cm for the
brain and scalp. The radius of the brain is 8.0 cm and thicknesses of the skull and scalp are 0.5 cm and 0.7 cm, respectively. Both the skull and scalp thickness are extremely
variable, but the preceding values are often used in the analytical calculation.
The solution for the electrical fields was calculated by
applying an analytical series expansion. Driscoll [2] has presented a full solution for the three-sphere model.
The numerical solution of electrical fields was also computed using the finite element method (FEM). In the FEM
the volume conductor is divided into volume elements of
different shapes. In each element the potential is approximated using polynomial basis functions. Thus the governing
equations can be discretized and the potentials can be solved
from the resulting matrix equation. Tetrahedral elements
were used in this study. The element mesh was created by
connecting triangulated co-centric spherical surfaces of different radii.
The potentials were calculated in the plane which contains the electrodes and the center of the head. The separation of two electrodes was 40 degrees, which corresponds to
the standard 10-20 EEG system. The electrical field in the
brain was obtained by feeding a reciprocal current 1 mA
through the pair of electrodes.
The potential distribution of the brain was calculated in
the different thicknesses of the skull. The thickness of the

where e = relative difference
N = nurnber of nodes in the plane.
Vb*t = the potential of one point n in the brain calculated for a skull thickness of 5 mm.
Vcn = the potential of one point n in the brain calculated for different values of the skull thickNESSES.

In another test the skull thickness was changed locally.
Local changes to the skull thickness were created by changing the skull thickness below one electrode. The potentials
were calculated for a pair of electrodes locating 20 or 40
degrees apart, and the skull thickness was varied from 4 to 9
mm. These calculations are not possible to carry out by
using the analytical approach. Therefore the local changes
were studied by applying the finite element method.
RESULTS

In Fig.

1 the

relative difference calculated using Eq. 1 is

for different skull thicknesses changed globally.
The changing of the skull thickness affects both the thick-

presented

ness of the scalp and the radius of the brain. In this test the
radius of the head was not changed.
The skull thickness was also changed so that only the

radius of the brain changed simultaneously with the skull
thickness. The radius of the head and the thickness of the
scalp were constant. The relative differences are shown in
Figure 2.

Medical & Biological Engineering & Computing Vol. 34, Supplement 1, Part 2, 1996
The 1st International Conference on Bioelectromagnetism, June 9-13, 1996, Tampere, Finland

263

DISCUSSION
The fact that skull thickness affects the EEG potentials is

lvol

well recognized. Our results match with the earlier works in
this field. However, these results emphasize that the thickness of the scalp is also an important parameter. This effect
can be obtained by comparing Figs I and2.
The effect of the scalp can be understood by inspecting
the direction of the cunent flow. Within the scalp the current
flows quite tangentially and is distributed overall, but it
flows fairly radially through the skull. Cuffin [3] studied the
effects of local variations in the skull and scalp thickness on
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Figure 1. Influence of the changes of the skull thickness on the
potentials in the brain calculated using equation 1, as
the skull thickness affects both the thickness of the
brain and the scalp.

EEG potentials and his study also clearly expresses the significance of the scalp. Eshel et al. [4] noticed that the skull
thickness asymmetry can create remarkable asymmetries in
the potential.
Our results show that the influence of the local change is
smaller than the influence of the global change. Further, the
local change has a maximum effect when locating just under
the electrode. As can be seen from Table 1, the local
changes of skull thickness are smaller when the electrodes
are apart from each other
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Figure 2. Influence of the changes of the skull thickness on the
potentials in the brain calculated using equation 1,
when the skull thickness affects only the thickness of
the brain
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