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Introduction
Current numerical head models that are used to predict
traumatic brain injury resulting from accidents have no
detailed geometry of the cerebrum (Figure 1). Therefore,
these head models have no direct link to tissue-based injury
criteria. To investigate the influences of the heterogeneities
of the cerebral cortex, a model has been developed with a
detailed geometry of a small section of the cerebrum (Figure
1b, red box, and Figure 2).
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Figure 1 (a) Numerical head model [1]. (b) Cross-section of a human

head [2]. The red box indicates the area for one of the geometries of

the model of Figure 2.

Model
Boundary conditions
The boundaries of the model, which is shown in Figure 2, are
constrained according to Equations 1 to 3.
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Figure 2 Geometries and boundary labeling.
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The loading condition is obtained from a rotational
acceleration-deceleration simulation of a head model [1].

Material model
The cerebrospinal fluid is modeled as a low shear modulus,
nearly incompressible elastic solid. For the brain tissue, a
non-linear viscoelastic constitutive model has been used [3].
This model has been adapted for compressibility.

Results
In the equivalent stress fields of the heterogeneous models,
local peak stresses are observed (Figure 3). These peak
stresses do not exist in the equivalent stress fields of the
homogeneous model.
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Figure 3 Equivalent stress field at 10 ms.

The peak equivalent stress of the brain tissue is shown for the
homogeneous model and the three heterogeneous models in
Figure 4.
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Figure 4 Peak equivalent stress for the different geometries.

Conclusions
The maximum peak equivalent stress values are increased by
a factor of 1.3 to 1.9 due to the morphologic heterogeneities.
Therefore, tissue-based injury criteria cannot be applied
directly to current numerical head models.
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