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Development and validation for the finite element model of child
head

CUI Shi-hai', CHEN Yue', LI Hai-yan', CAO De-chen’, RUAN Shi-jie' (1. College of
Mechanical Engineering, Tianjin University of Science and Technology, Tianjin 300222, China; 2. Department of

Neurosurgery, Tianjin Huanhu Hospital, Tianjin 300060, China)

Abstract; Objective To investigate brain responses from children during traffic accident and drop impact by de-
veloping a 3-year-old child head finite element (FE) model. Methods Based on the CT data from a 3-year-old
child head, the FE child head model with detailed anatomical structure was constructed by using computer image
processing, reverse engineering and FE mesh generation technology. The child cadaver experiment was recon-
structed by using such FE model, and the simulation results were compared with those from real cadaver experi-
ments. Results The contact force increased with the increase of compression displacement in head static com-
pression simulation for the 3 year-old child, showing the same trend with that of cadaver experiment. In head drop
simulation, when the drop height was 30 cm, the peak impact accelerations at frontal, left parietal, occipital, right
parietal and vertex of the head were 72.7, 61.3, 72.7, 60.4 and 68. 1 g, respectively, and the head acceleration-
time curve was consistent with that of cadaver experiment. Conclusions The developed 3-year-old child FE head
model is validated to be effective and of high biofidelity. This model can be used in follow-up study to analyze the
stress and strain distributions on child brain tissues under impact, and will provide references for the diagnosis of
brain injuries such as concussion which cannot be diagnosed through brain CT images in clinic.

Key words: Traumatic brain injury; Cadaver experiment; Model validation; Finite element analysis;
Impact acceleration
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Tab.1 Material properties used in the finite element head model
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Fig.2 Force-displacement curve of child head

(a) Simulation experiment, (b) Cadaver experiment
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Fig.3 Child head acceleration-time curve at different impact head locations in the cadaver and simulation experiments
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