[JBEM
Vol. 7, No. 1, 2005

Page 1 of 2

Estimation of in vivo Human Brain-to-Skull Conductivity Ratio by means of

Cortical Potential Imaging

Y Lai 1, W van Drongelenz, L Dingl, KE Hecoxz, VL Towlez, DM Frimz, B He'
!'University of Minnesota
? University of Chicago

Abstract—The present study aims to accurately estimate the in
vivo brain-to-skull conductivity ratio by means of cortical
potential imaging (CPI) technique. Simultaneous extra- and
intra-cranial potential recordings induced by subdural current
stimulation were analyzed to get the effective in vivo brain-to-
skull conductivity ratio. The indirect CPI technique (with
hypothetic dipole layer) was used to inversely calculate the
cortical potential distribution from the multi-channel scalp
potential recordings using a three-layer concentric sphere head
model. The brain-to-skull conductivity ratio, which leads to the
most consistent cortical potential estimates with respect to the
direct intracranial measurements, is considered to be the
effective brain-to-skull conductivity ratio. Five human subjects
have been studied and consistent results were found. The in
vivo effective brain-to-skull conductivity averages 25 with
standard deviation 7. The present results provide important
experimental data on the brain-to-skull conductivity ratio,
which is of significance for accurate brain source localization
using piece-wise homogeneous head models.
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1. INTRODUCTION

In the piecewise homogeneous head volume conductor
models, the effective conductivities of the scalp, the skull
and the brain need to be specified. In most investigations,
the scalp is assumed to have the same conductivity as that of
the brain while the skull has much lower conductivity than
that of the scalp and the brain [1-4]. EEG source localization
is the major interest of solving the EEG inverse problem. It
is often sufficient to specify the conductivity ratios of the
brain, the scalp and the skull, if one is concerned in
localizing the neural sources, or solving other inverse
problems when the absolute strength of the sources is not an
issue. From the literature, the brain conductivity ranges from
0.12-0.48/Q.m [1-3], and the human skull from 0.006-
0.015/Q.m [2-4] or even higher as 0.032-0.080/Q.m [5]. It is
hard to specify the brain-to-skull conductivity ratio from
these values with such large variations.

In a recent report [6], we have estimated the effective
brain-to-skull conductivity ratio using simultaneous
intracranial and extracranial electrical potentials recorded
during subdural current stimulations. The effective brain-to-
skull conductivity ratio was estimated by minimizing the
difference between the recorded cortical potentials and
computed cortical potentials. The experimental studies were
conducted in five pediatric epilepsy patients.

II. METHODS

The human experimental data were collected according
to a protocol approved by the Institutional Review Boards
(IRBs) of the University of Minnesota and the University of
Chicago, in the context of presurgical evaluation of pediatric
patients with intractable epilepsy in the Pediatric Epilepsy
Center at the University of Chicago Children’s Hospital.

For the cases studied, the frequency of the injecting
current was S0Hz and the EEG sampling rate was 400Hz, so
there would be eight measurements in one cycle (20
milliseconds) of stimulation. The total duration of the
stimulation was two seconds, so there would be 800
potential measurements for each stimulation at every single
scalp and cortical electrode, and these measurements are in
100 cycles. To further improve the signal to noise ratio
(SNR), the responses were averaged over the 100 cycles so
finally we had 8 averaged scalp potential (SP) and cortical
potential (CP) recordings in one cycle, which were used to
perform the CP estimation and comparison using CPIL.

For each of the eight averaged simultaneous SP and CP
measurement, the CP inverse estimation from the SP using
different brain-to-skull conductivity ratios were performed,
and the optimized value which gave the most consistent
estimation with the direct subdural potential measurement
was considered as the effective brain-to-skull conductivity
ratio. A three-layer concentric spherical head model was
used to approximately represent the head volume conductor.
The cortical imaging technique (CIT) procedure [8-10] was
used to perform the inverse cortical potential estimation
from the scalp potential recordings. The same estimation
was performed for each of the eight measurements per cycle.
The average of these eight estimates and the estimates at the
highest SNR were assessed for the brain-to-skull
conductivity ratio estimation.

III. RESULTS

Results for subject #1 are listed in Table 1 with
stimulations at 4 different locations (frontal and parietal
lobes). For each of these locations, there are three to four
different current intensities (6mA-9mA). The averaged
o, /o, for subject #1 is 23. In Table 1, the results obtained

from the signals with the largest SNR are listed. It can be
clearly seen that the averages for current intensity are quite
close, but the averages for current location have relatively
larger variations. This suggests that the effective

311



[JBEM
Vol. 7, No. 1, 2005

Table 1. oy,/0 estimation using the averaged scalp and cortical potential
recordings with the largest SNR for patient #1. Averages were taken on
both current location and current intensity.

Current Current Location Average
Intensity

FG25-26 FG15-16 FG19-20 PG47-48
6mA 22.88 23.99 2421 21.75 23.21
7mA 23.47 24.14 23.51 20.64 22.94
8mA 22.17 23.98 22.63 22.78 22.89
9mA 23.46 N/A 24.02 20.85 22.78
Average  22.99 24.04 23.59 21.51

brain-to-skull conductivity ratio is more sensitive to the
current location than the current intensity.

The similar processing was performed to the other 4
subjects’ experimental data and the results are summarized
in Table 2. The estimates from the signals with the largest
SNR are close to the overall averaged values in most
subjects, which are more trustworthy when large difference
exists between them. The inter-subject average and standard
deviation are 24.8 and 6.6, respectively.

IV. DiscussioN

In this study, the three concentric spherical head model
has been used. Lai et al. [6] discussed the effect of including
CSF in the volume conductor model. Both the computer
simulation and experimental studies do not seem to indicate
this change in head model would induce significant change
in the skull conductivity estimation. Other effects such as
the skull thickness and intracranial electrode grid have also
been evaluated. Even taking these effects into consideration,
consistent estimations have been obtained among the inter-
subjects, and inner-subjects.

Note that the aim of the present study is to investigate
the conductivity values of the head volume conductor from
invasive measurements. The present results are thus aimed
at providing a reference for the reasonable brain-to-skull
conductivity ratio for accurate brain source localization
using piece-wise homogeneous head models. It is not
intended to suggest that invasive recordings are needed for
brain source localization. As the piecewise homogeneous
head models are limited in providing approximation to the
head volume conductor, the estimation of the brain-to-skull-
conductivity ratio is also limited that it can be used when
such models are valid for the problem of interest.

Table 2. Summary of the five patients” gender and age, number of scalp
electrodes, overall averaged o,/Gy estimations, standard deviations and
mean Gy,/Gy estimations by the EEGs with the highest SNR.

Pat. Sex/Age # scalp ele. Mean STD Mean
(SNRmnwx)

1 M/12 32 229 1.61 23.0

2 M/12 20 29.5 343 27.2

3 F/8 28 34.3 2.82 34.7

4 M/10 36 19.6 2.16 17.8

5 M/8 38 18.4 1.93 18.6
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Because of the limited size of the surveyed subjects, it is
hard to make a strong generalization from the results
currently available. Nonetheless, the clear trend as observed
from all five subjects studied suggest that the effective
brain-to-skull conductivity ratio is less than the classic value
of 80, rather being closer, although slightly higher, than that
reported in [4]. The present results support the previous
findings that a lower value of the effective brain-to-skull
conductivity ratio should be used as compared with the
classic value of 80.

V. CONCLUSION

The present results show the feasibility of applying the
CIT algorithm to conductivity estimation. While the size of
the patient group is limited, the consistent results obtained
from the five subjects suggest that the human brain-to-skull
conductivity ratio is about25+ 7instead of the widely used
value 80 [7] and somehow larger than the value of 15 as
reported in [4].
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