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ABSTRACT 

Mechanics play an important role in modulating brain form and function. Computational simulations 
are a powerful tool to understand, predict and ultimately prevent pathological conditions. To 
numerically predict the highly complex mechanical behavior of brain tissue it is essential to develop 
appropriate constitutive models and to carefully calibrate the corresponding constitutive parameters. 
Mechanical testing of ultrasoft tissues like the human brain is challenging as the results highly 
depend on length and time scales, as well as on loading conditions. While recent experiments have 
significantly contributed to the understanding of the time-independent, hyperelastic response of 
human brain tissue, the time-dependent contribution at large strains and under various loading 
conditions remains understudied. Current viscoelastic models have been derived from experiments 
conducted under a single loading mode and without considering regional dependencies. Here, we 
perform a combination of cyclic and relaxation experiments under multiple loading modes, simple 
shear, compression, and tension, on specimens from four different regions of the human brain, the 
cortex, the basal ganglia, the corona radiata, and the corpus callosum [1]. We develop a large strain, 
nonlinear, viscoelastic constitutive model and calibrate region-specific material parameters, which 
capture the tissue behavior under all loading modes simultaneously. We show that the constitutive 
model with only one viscoelastic mode and constant viscosity captures the essential features of the 
tissue response with substantial pre-conditionning during the first loading cycle and only minor 
conditioning effect during subsequent cycles. This five-parameter model even accounts for the 
successive softening of the tissue when the applied strain is stepwise increased. A model with two 
generalized Maxwell elements shows even better agreement with the tissue response under all 
loading modes and over the entire deformation history with equilibrium shear moduli. We provide 
two separate parameter sets for the unconditioned and conditioned tissue behavior, which can be 
adopted depending on the application. Our results reveal that the time-dependent behavior shows 
different regional trends than the time-independent behavior. These new insights allow us to 
predictively understand why regional differences in tissue stiffness are rate-dependent. Our 
viscoelastic characterization of human brain tissue will improve the accuracy of computational 
simulations, especially for high strain rates, inter alia causing traumatic brain injury, where 
viscoelastic properties are critical. It will allow us to determine better criteria for injury and to 
develop more advanced smart protection systems. 
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