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Abstract— In electroencephalographic (EEG) source imaging
as well as in transcranial current stimulation (TCS), it is
common to model the head using either three-shell boundary
element (BEM) or more accurate finite element (FEM) volume
conductor models. Since building FEMs is computationally de-
manding and labor intensive, they are often extensively reused
as templates even for subjects with mismatching anatomies.
BEMs can in principle be used to efficiently build individual
volume conductor models; however, the limiting factor for such
individualization are the high acquisition costs of structural
magnetic resonance images. Here, we build a highly detailed
(0.5 mm3 resolution, 6 tissue type segmentation, 231 electrodes)
FEM based on the ICBM152 template, a nonlinear average
of 152 adult human heads, which we call ICBM-NY. We
show that, through more realistic electrical modeling, our
model is similarly accurate as individual BEMs. Moreover,
through using an unbiased population average, our model is also
more accurate than FEMs built from mismatching individual
anatomies. Our model is made available in Matlab format.

I. INTRODUCTION

Today, a multitude of tools are available to ‘read and write
the brain’ from outside the head. Brain imaging technologies
such as electroencephalography (EEG) allow one to track the
activity of neuronal populations with millisecond precision.
Conversely, transcranial current stimulation (TCS) can be used
to induce changes in neuronal firing patterns by injecting
electrical currents into the skin. What is common to these
technologies is that they rely on a volume conductor model
of the human head and its internal structures in order to
establish the connection between the active/activated brain
structures and the sensors/stimulators located on the scalp,
where the precision of the model determines the localization
error made by EEG inverse solutions, and the error made
when targeting certain brain structures using TCS.

As head anatomies vary greatly across the population,
individual structural information from magnetic resonance
imaging (MRI) is in general required to build precise volume
conductor models. However, the acquisition of individual
structural MR images is not always possible, and generally
comes at a high cost.
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If individual structural information is available, a boundary
element electrical model (BEM) can be built relatively easily
and with a high degree of automation using several freely
available software packages. Three-shell BEMs are currently
the predominant approach in EEG sources imaging. Here,
smoothed versions of the outer edges of brain, skull and
skin are extracted from structural MR images. Finite element
models (FEM), which are predominant in transcranial current
stimulation (TCS) research, are more accurate than BEMs
since they allow more detailed modeling of tissue types
with complex shapes such as the highly-conducting cerebro-
spinal fluid (CSF) [12]. They are, however, more resource-
consuming than BEMs due to their high computational
complexity and the lack of fully automated segmentation
pipelines for more than three tissue types. It is therefore
common in TCS studies to build an FEM from an ‘arbitrary’
individual anatomy, and use it as a template for all subjects
throughout a study.

Here we reason that, while it may remain infeasible to
compute highly accurate FEMs in individual anatomies at
the scale of larger studies, an improvement may already be
achieved by replacing arbitrary templates with an unbiased
population average. This approach is feasible, as, through
advances in nonlinear co-registration, average anatomies have
recently reached a level of detail comparable to that of the
best individual templates. We built a highly precise FEM
based on the ICBM152 head, which is a nonlinear average of
the heads of 152 adults [2], and which is already widely used
as an anatomical template by the neuroimaging community.
Our model, called ICBM-NY or ‘New York Head’, is made
available under http://neuralengr.com/NYHead .

The model was evaluated on four individual heads, for
which we also built precise FEMs serving as a ‘ground truth’.
We investigated how well the electrical leadfields in these
heads are approximated using our FEM of the ICBM152 head.
Moreover, we compared the approximation quality with that
of BEM and spherical harmonics expansion (SHE) models
computed on the matching individual anatomy, with FEMs of
other (mismatching) individual anatomies, and with a BEM
of an ‘individualized’ ICBM152 geometry that is warped to
the electrode positions of the correctly matching anatomy.

II. METHODS

A. Structural data and coordinate systems

We used the ICBM152 template as the anatomical basis
of our electrical model. The 2009b version of the ICBM152
provides highly detailed (0.5 mm3 isotropic resolution) T1-
weighted structural images of an average adult head, which are
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