
 
 

Application of a FE Model of Human Forearm under Dynamic Impact Loading for Injury Reconstruction 
1 Zahra Asgharpour, 1Erich Schuller, 1Sarah Doerfel, 1Matthias Graw, 1Steffen Peldschus  

1Institut für Rechtsmedizin d. Ludwig Maximilians Universität München 
 

INTRODUCTION 
A forearm fracture occurs when there is a fracture of one or 
both of the bones (ulna, radius) of the forearm.  Injuries to the 
forearm can be divided into fracture of both bones, fracture of 
a single bone, and fracture of single bone associated with joint 
[1]. Forearm fracture occurs most commonly due to a fall onto 
the hand or a direct impact to the forearm which is commonly 
seen in altercations, sport injuries and car accidents. There 
have been a number of studies performed on forearm fractures 
associated with airbag deployment in car accidents [2,3,4].The 
present study investigates the tolerance of the forearm under 
quasi-static and dynamic bending mode using the FE model of 
THUMS (Total Human Model for Safety) . 
Messerer has conducted quasi-static three-point bending tests 
for ulna and radius of males (ages 18-67) and females (ages 
17-82) [5]. Bending breaking load of human wet long bones in 
the anteroposterior direction of 35 persons was reported by 
Motoshima [6]. The adult average fracture forces were 0.52 
kN for the radius and 0.63 kN for the ulna. 
Dynamic three-point bending tests using female and male 
cadaver upper extremities have been conducted by Duma 
[7,8]. An average failure tolerance of 108 Nm for male 
forearm in pronated position and for female 58± 12 Nm is 
reported. 
The purpose of this study was to determine the injury risks due 
to altercations of the forearm.  
 
 
METHODS 
The finite element model used for this study, THUMS (AM50, 
height 175 cm, weight 77 Kg) has been developed by Toyota 
Central Research and Development Labs, Japan in 
collaboration with Wayne State University [9].  The material 
properties chosen for the FE model of cortical bone stem from 
an extensive literature study.  
A new material model for cortical bone is developed based on 
the experimental results of a study performed by Zioupos 
[10,11]. The material model is then applied on forearm 
cortical bones (ulna, radius).  
Cortical bone is modeled as an isotropic elastic-plastic 
material with unique yield stress versus effective plastic strain 
for compression and tension. 
For representation of the soft tissue a validated model of the 
skin has been applied. 
 
RESULTS AND DISCUSSION 
Ulna Quasi-Static Three-Point Bending 
Three-point bending tests have been performed by Motoshima 
[6] on 35  cadaveric ulna and radius. The results are displayed 
as force-deflection curve which are compared to the 

corresponding values from simulation. The comparison 
between the experimental results and the simulation are 
depicted in Figure 1. 
 

 
Figure 1:  Force-displacement curves of quasi-static three-
point bending experiment by Motoshima [6] and simulation 
result. 
 
Once the model is validated it can be used for further 
investigations. The direct impact to the forearm (seen in 
assaults) is simulated. 
Free impacts to the ulna at various velocities of (1,1.5,2) m/s 
have been performed.  
Increasing the velocity would result in higher contact forces. 
A comparison is also made to the critical values from the 
experiments (Table 1).  
 
CONCLUSIONS 
The FE model of the forearm of THUMS has been applied for 
injury reconstructions to the forearm. An elastic-plastic 
material model derived from the experiments have been 
developed. The model is validated against published 
experimental data. The impacts were performed on a wide 
range of velocities from quasi-static to dynamic.  Bone 
fracture can be reconstructed based on stress-strain failure 
criteria. The model simulation and experimental results show 
good agreement. The risk of fracture can be correlated to 
forearm geometry and bone density and impact velocity. 
The model is a promising tool in predicting the fracture risks 
and injury reconstruction. 
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