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An efficient reliability algorithm is developed to transfer the system reliability problem to a single-
component reliability problem, considering the uncertainty of loading cases and the material
properties. The main difficulty is that femoral bone densities change after hip arthroplasty and, thus,
the mechanical properties of the distinctive bone tissues and, therefore, the corresponding elasticity
modulus and yield stress values change. Therefore, taking these changes into account during the hip
prosthesis design process is strongly needed. As the bone possesses anisotropic behaviors, as the
material properties in both radial and tangential directions in long bone (femur, tibia) are almost
similar, the bone anisotropy is represented in this study by transversal isotropy. Two optimized
formulations for yield stress against the elasticity modulus relationship are first developed and then
integrated into an efficient reliability algorithm. Thus, a coupling between reliability and optimization,
so-called reliability-based design optimization (RBDO), is introduced in order to control the reliability
level. The proposed RBDO algorithm using optimum safety factors (OSF) takes into account the
material uncertainties and leads to new stem dimensions. An in-depth numerical analysis on a
cementless hip prosthesis is implemented to demonstrate the appropriateness of the proposed algorithm
with the consideration of many different loading cases. The results show that the studied model can be
effectively used when compared to previous works, which concerns the changes in both geometry and
material properties.




