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Introduction 

An accurate finite element (FE) model of the human 

brain reliably predicting its response under loading 

offers great possibilities for brain injury prevention, 

disease prediction, and surgical guidance. However, the 

brain is an extremely complex organ and shows high 

structural heterogeneity, both on a macroscopic and 

microscopic level. This also results in heterogeneous 

mechanical properties. Therefore, the identification of 

material parameters accurately describing the region-

dependent mechanical behavior of human brain tissue is 

crucial. While the division of the human brain into 

different anatomical regions is well established, 

knowledge about regions with distinct mechanical 

properties remains limited and their importance for full-

scale human brain simulations remains mostly unknown 

– not least due the lack of corresponding data. 

 

Methods 

We perform multi-modal mechanical testing on human 

brain tissue from 19 anatomical regions and use an 

inverse parameter identification scheme based on a 

hyperelastic Ogden model to identify mechanically 

distinct regions and provide the corresponding material 

parameters [1]. In a second step, we investigate the 

importance of using region-specific material parameters 

when modelling the full human brain [2]. To this end, 

we simulate an indentation of the brain occurring during 

surgical procedures, e.g., due to needle insertion. We 

compare parameter sets based on unconditioned and 

conditioned experimental data as well as different 

Poisson’s ratios. 

 

Results 

Our analyses show that we can assign the 19 anatomical 

regions to nine governing regions based on similar 

parameters and microstructures, as illustrated in Figure 

1. Statistical tests confirm differences between the 

regions and indicate that at least the corpus callosum and 

the corona radiata should be assigned different material 

parameters in computational models of the human brain. 

The simulation results further highlight that accounting 

for region-dependent properties leads to significant 

differences in the predicted strain state compared to 

simulations assuming homogeneous material properties. 

Also, the Poisson’s ratio and using unconditioned or 

preconditioned data sets significantly affects the results 

of full-scale brain simulations, emphasizing the 

importance of carefully selecting the material 

parameters used. 

 
Figure 1: Brain finite element model with segmentation 

into nine governing regions with distinct mechanical 

properties [2]. 

 

Discussion 

The presented analyses have important implications for 

choosing appropriate region-dependent material 

parameters for full-scale human brain finite element 

simulations in the future. The identified parameters will 

contribute to more precise computational models 

enabling spatially resolved predictions of the stress and 

strain states in human brains under complex mechanical 

loading conditions. 
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