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Abstract
Traumatic brain injury (TBI) from blunt impacts to the head are a major cause of brain disease
and dysfunction for thousands of people every year. Each year in the United States
approximately 2 million TBI cases occur causing as many as 56,000 deaths and leaving nearly
90,000 individuals with long term disability. Damage resulting from a TBI occurs on a
multiscale level including the macroscopic, tissue, and neuron length scale. This research focuses
on correlating the macroscopic blunt impact conditions to the internal pressure developed in the
coup and countercoup for water and gelatin filled head models. Two separate 3D printed models
are studied: the coronal model simulates a frontal impact and the sagittal simulates a side impact.
A dynamic impacting test platform was designed and manufactured in house to deliver varying
controlled impact conditions; impact acceleration and velocity are verified via a rigid body
dynamics analytical simulation and digital image correlation (DIC). The coup and countercoup
are the measured regions of interest due to the potential for high magnitude transient pressure
spikes that may result in cavitation and thus damage surrounding brain structure. A range of
experiments were performed measuring the resulting bulk acceleration and internal fluid pressure
response over varying impact conditions for both water and gelatin solutions. The experiment is
validated using ANSYS Explicit Dynamics; resulting pressure in the coup and countercoup
region are recorded for varying impact velocity conditions. A mesh convergence study was
performed for both the coronal and sagittal plane models. The experiment shows that at the
maximum impact velocity of 5.5 m/s the coup pressure is approximately +100 kPa while the
countercoup is -50 kPa. The finite element model shows relatively good agreement with the
experimental results for the 5.5 m/s impact condition with a coup pressure of +95 kPa and a
countercoup pressure of -64 kPa.
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