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Mechanical investigation of impact damage on the human brain due to the impact of a
soccer ball with the help of a 3D model
F. Zarghami Faculty of Mechanical Engineering, University of Tabriz, Tabriz, Iran
A. Allahverdizadeh
P. Namashiri

Faculty of Mechanical Engineering, University of Tabriz, Tabriz, Iran
Faculty of Mechanical Engineering, University of Tabriz, Tabriz, Iran

Abstract

Traumatic brain injury is one of the most common injuries that threatens human life, which is also seen in football. In this study, a
finite element model of traumatic brain injury is presented, in which the brain was defined as nonlinear hyper viscoelastic with
transverse isotropy, based on the Mooney-Rivlin model. The 3D brain model was extracted from MRI images and finite element
simulation was performed in LS-DYNA software. The results showed that in an impact from the lateral side, the pressure and the
applied force spread faster and the brain suffers more severe damage. Moreover, it was demonstrated that if the impact direction is
orthogonal to the orientation of the axon fibers, the brain tissue experiences higher stress. Furthermore, it was observed that in
frontal impact, where the axon fibers are aligned with impact direction, due to the great deformation of the brain, the pressure at
coup becomes positive and negative at the countercoup. In lateral impact which was perpendicular to the fibers, the pressure
behavior at coup and countercoup was similar.

Keywords: Brain Tissue, Constitutive Modeling, Finite Element Modeling, Impact, Traumatic Brain Injury, Biomechanics.
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