Using the Finite Element Method to predict the drilling force of mandible
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Abstract:
Introduction: Bone is a porous and hierarchical material that demonstrates fracture mechanisms at multiple scales. Mechanical and physical properties of bone are important in prediction of bone stresses, find a suitable replacement of bone and design the new tools and implant. In order to obtain reliable results in finite element modeling, a material properties based on thermo-mechanical and viscoelasoplastic properties of bone near the real properties of bone is necessary. The purpose of this study is to represent a new three-dimensional finite element model of bone in mandible drilling by taking into consideration elastic-plastic damage, thermo-mechanical and viscoelasoplastic of bone. 

Material and methods: In the current study, we develop a three-dimensional finite element model based on a dynamic failure approach, mechanical and thermal properties of the bone to simulate the factor in mandible and predict the stress and drilling force. The exact properties of bone material particular thermal and fracture properties are necessary for finite element analysis of bone. Since assigning material properties of finite element models of bones a series of experiments was done. Tensile tests at different temperatures and different strain rate were performed on 30 standard specimens. The results of the experiment were fitted on the Johnson - cook model based on multi surface fitting technique. This model is a particular type of Misses plasticity that includes analytical forms of the rate dependence and temperature. For verification of the Johnson-cook model for bone, bone drilling as a thermo-mechanical process that used in surgical procedure was done experimentally and was simulated by finite element method. Johnson-cook model of bone was used in a three-dimensional finite element of bone drilling.
Results: The force predicted in the model was validated with experimental results performed on the bone. In addition, different finite element analysis was performed to investigate predicted force in drilling bone. It was found that the predicted failure properties agreed very well with the experimental ones.
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