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Introduction 
Long bone fracture constitutes a common 
reason for medical consultation within 
veterinary orthopedic services. Based on 
reported studies concerning subject-specific 
finite element (FE) modeling of long bone (e.g. 
[Schileo, 2008]), the objective of the present 
contribution is to propose and compare 
different subject-specific FE models of canine 
long bones that could accurately predict their 
mechanical properties including failure 
behavior. 
 
Methods 
We chose to simulate three-points bending 
tests on canine humeri. Canine humeri were 
therefore embedded in resin molds (Figure 1.a) 
and scanned, and multi-label geometries were 
reconstructed using an in-house algorithm 
[d’Otreppe, 2012]. FE simulations were 
performed using an in-house non-linear FE 
code [Ponthot, 2002]. The material mapping 

was based on calibrated CT information 
(Figure 1.b), and material properties were 
assigned using reported density-elasticity 
relationships [Doblaré, 2004]. Strain-based 
rupture criterion [Schileo, 2008] with 
tensile/compressive asymmetry was used to 
model bone failure. Resin plots were modeled 
as single hexahedrons whose corners were 
linked to bone surface with artificial spring 
elements. 
 
Results 
The proposed approach enables efficient and 
repeatable simulations of long bones bending 
tests up to failure (Figure 1.c). Modeling 
assumptions concerning bone behavior law and 
isotropy, mapping procedure or applied 
boundary conditions have been shown to 
significantly affects the bone overall response 
and fracture patterns during bending tests. The 
adopted rupture criterion enables to obtain 
realistic failure patterns.  
 
Discussion 
While several subject-specific FE models have 
been proposed in the literature with various 
level of validation, the present work 
significantly contributes to the understanding 
of how and to what extent common modeling 
assumptions affects FE-predicted long bone 
behavior. It also shows that realistic fracture 
patterns may be obtained by using a strain-
based rupture criterion. The next step of the 
present approach, yet substantially initiated, is 
to validate and adjust our FE model based on 
ex-vivo experimental results. The long-term 
objective is to use this validated model to help 
veterinary surgeons in the choice of the most 
suitable implant for a given bone failure.  
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Figure 1: (a) Canine humerus embedded in 
resin molds. (b) Geometry extracted from CT 
scans of embedded humerus. (c) Simulation of 
a bending test including bone failure.  
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