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1. Introduction

The skull conductivity strongly influences the accuracy of EEG source localization methods [1]. As the conductivity of the skull has strong inter-individual
variability, conductivity estimation techniques are required [2]. Typically, conductivity estimation is performed on data from a single event-related stimulation
paradigm, which can be explained by one dipole source. A conductivity value for the skull can be estimated as the value for which the single dipole source
provides the best goodness of fit to the data. This conductivity value is then used to analyse the actual data of interest. It is known that the optimal local
skull conductivity when modelling the skull as one compartment depends on the amount of spongiosa present locally [3]. The research question arising is: Is
conductivity estimation based on data from a single paradigm meaningful without accounting for the internal skull structure?

2. Materials and methods

Reference model generation
I Segmentation [4] of individual T1 MRI of single subject.

. No spongiosa segmentation possible due to low contrast and noise.
I Spongiosa model extraction from average high definition template (Colin

27 Average Brain) [5].
I Affine [6] and non-linear [7, 8] registration of skull template to individual

skull segmentation.
I Post-processing of the transformed spongiosa using morphological opera-

tions to guarantee a smoother distribution and a minimum thickness of
the inner and outer compact bone.

I Generation of 1mm geometry-adapted hexahedral finite element mesh [9].

Simulation study
I Simulation of reference data for 20 sources at 10 different locations

with radial and tangential orientations (mimicking different experimental
paradigms).

I Derivations of two models from the reference model: model A with no
spongiosa and model B with spongiosa.

I Conductivity estimation in both models and for all 20 paradigms using a
simple exhaustive search approach for . . .
. . . . bulk skull conductivity in model A.
. . . . compact bone conductivity in model B.

I Evaluation of the estimated conductivities and expected localization errors
for both models using 1000 randomly selected probe sources.

3. Results

Simulation study

I The relative variability of the estimated conductivities is 77%
higher when estimating the conductivity of the bulk skull
(model A) as compared to the model accounting for the
spongiosa (model B).

For the 1000 probe sources in model A:
I The difference between the maximum and the minimum

mean localization error is 1.9mm.
I The expected mean source localization error (6.05mm) is by

0.5mm larger than the optimal error in the same model.

Error measures:

Exp. mean loc. error =
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Figure 1 : Plot of localization errors across evenly spread conductivity values for the two test models. The
red x symbols indicate the localization error for the 20 manually selected paradigms. The blue line indicates
the mean localization errors for 1000 randomly placed sources.

where ei is the mean localization error across the 1000 probe sources for the ith conductivity value while wi is the number of times the ith conductivity value
was estimated based on our 20 reference sources.

4. Conclusion

Our results show that without accounting for the internal skull structure the conductivity estimation is not in all
cases optimal. The estimated conductivity depends on the paradigm which data is used during the estimation
process.
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