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Abstract 

The objective of this work is to create a new class of porous metallic implant materials combining the biocompatibility of pure 
titanium with the superelasticity of Nitinol. Ti-20.8Nb-5.5Zr, Ti-22Nb-6Ta (at%) and Ti-CP foams are produced by the space-
holder technique and characterized from both the pore morphology and the mechanical behavior points of view. To support these 
developments, a multi-scale representative volume element-based approach is proposed and experimentally validated. Using this 
approach, the implant’s porosity can be engineered, and the base material properties adjusted, so that the implant could offer 
adequate pore morphology for bone ingrowth while offering high mechanical resistance. 
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1. Introduction 

It has been clearly demonstrated that the long-term clinical performances of metallic implants are improved 
significantly when they possess an open-cell porous structure, thereby reducing stiffness mismatch and allowing 
stable fixation by means of bone ingrowth [1,2]. Furthermore, this structure allows the implant to be lighter than an 
equivalent solid structure while maintaining mechanical integrity. It has also been proven that porous superelastic 
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4. Experiment versus modeling 

For the as-sintered Ti-Cp, TNT and TNZ foams of this study, the Young’s modulus and the yield stress values 
(experimentally measured and numerically calculated) are superposed in Fig. 6a,b. It can be observed that the 
calculated results are systematically higher than those obtained experimentally. This problem seems to be related to a 
non-sufficient refinement of the finite element model used for these calculations (1 voxel = 1 FE). The preliminary 
results obtained with 23, 33 and 43 FE per voxel show that the 1 voxel = 1 FE meso-scale model was not really 
representative (see Fig. 5d). This study is part of an ongoing project. 

 

Fig. 6. Young’s modulus (a) and yield stress (b) of the as-sintered Ti-Cp, TNT and TNZ foams of variable porosities (numerical versus 
experimental results). 

Summary 

1. The space-holder method enables TiCp, TNZ and TNT foams to be produced consistently in the 0.25 -- 0.65 
porosity range with controlled microstructure, morphology and mechanical properties. 

2. The representative volume element (RVE) approach appears to be capable of simultaneously satisfying the 
criteria for morphological and behavioral fidelity, at least for elastoplasticity and failure.  
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