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Introduction

Burst fractures are common fractures resulting from impact loading and can have severe consequences such as neurological deficits [START_REF] Dai | A review of the management of thoracolumbar burst fractures[END_REF]. The biomechanical process which leads to burst fracture is still debated. Finite element models (FEM) could further our knowledge on burst fracture mechanism. A precise evaluation of the mechanical properties of bone tissues is a critical issue when creating these models [START_REF] Wilcox | A dynamic investigation of the burst fracture process using a combined experimental and finite element approach[END_REF]. The aim of this study was to evaluate the mechanical properties of bone components of the vertebral body. An inverse finite element strategy was used to estimate the properties of cortical and trabecular bone. These mechanical properties have been evaluated at two velocities in order to investigate the influence of the displacement rate.

Methods

A finite element model of a human L5 vertebral body was created. Cortical and endplate bones were represented by 3-node shell elements with a uniform thickness of 0.4mm. The trabecular core of the vertebra was meshed using tetrahedral elements. The material properties of bone were defined as homogeneous isotropic and modeled with a Johnson-Cook elasto-plastic material law [START_REF] Willkenmuller | Radioss theoretical manual[END_REF]. The vertebral body was simulated in compression to mimic the experimental tests made by Ochia et al. [START_REF] Ochia | Effect of loading rate on endplate and vertebral body strength in human lumbar vertebrae[END_REF]. Layers of cement were modeled on the top and the bottom of the vertebra to reproduce the experimental conditions and to ensure a vertical compression of the vertebra (Fig. 1). The superior layer was allowed to translate vertically at a constant velocity. The model was tested at low (10mm/s) and high displacement rates (2500mm/s). The analysis was performed using the Radioss explicit finite element software (Version 4.4, Altair HyperWorks Inc.). The failure load and energy absorbed at failure (area under the loaddisplacement curve) were used to compare the prediction of the model and the experimental results. The mechanical properties of bone components were obtained using an optimization method. The parameters investigated were the ultimate stress (σ max ) and the ultimate strain (ε max ) for both cortical and trabecular bones. The yield stress and yield strain were assigned as ratios of the ultimate stress and ultimate strain respectively. The optimization method was a Central Composite Design (CCD) [5] carried out using the Statistica Software (StatSoft, Inc. 2001). It was composed of a full factorial design (+1, -1), a center point (0) and star points (+2,-2). The objective was to minimize the difference between the experimental and simulated values of load and energy at failure. The same protocol was used at high (2500mm/s) and low (10 mm/s) displacement rates. 

Results and Discussion

Table 1 presents the results of the optimization method. The ultimate stress of trabecular and cortical bones were in the corridor of published values [START_REF] Hansen | The effect of strain rate on the mechanical properties of human cortical bone[END_REF][START_REF] Kopperdahl | Yield strain behavior of trabecular bone[END_REF][START_REF] Shim | Characterisation of the dynamic compressive mechanical properties of cancellous bone from the human cervical spine[END_REF]. The ultimate strain of the cortical bone was higher (7.1-8%) than values from the literature which are usually between 2% in quasistatic and 6% in dynamic loading [START_REF] Hansen | The effect of strain rate on the mechanical properties of human cortical bone[END_REF]. The difference could be explained by differences between cortical bone organization in vertebra vs. long bone mid-shaft samples generally used in such mechanical testing. The ultimate stress and strain of trabecular bone were higher at high displacement rate, while the ultimate stress of cortical bone was lower and the ultimate strain was higher at low displacement rate (Table1). The displacement rate thus influences the material properties of vertebral bones, as it was also found in related published experimental studies [START_REF] Hansen | The effect of strain rate on the mechanical properties of human cortical bone[END_REF][START_REF] Linde | Mechanical properties of trabecular bone. Dependency on strain rate[END_REF]. A future direction could be to improve the elastoplastic law used for bone materials by taking into account the strain rate dependency. 

Conclusions

This study presented a statistical method to evaluate the mechanical properties of bone components of the vertebral body at two loading rates (quasi-static and dynamic loadings). The primary results showed the effects of the displacement rate and it highlighted the importance to adapt the properties according to the loading conditions in dynamic simulations. Further studies are under way to evaluate precisely the mechanical properties of the bony endplates. Once obtained, these properties will be integrated into a more detailed model of a motion segment. This model would allow testing the influence of bone parameters in physiologic conditions and reproducing more accurately burst fractures. 
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 1 Figure 1 : Finite element model of the vertebral body impacted on the superior endplate
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