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ABSTRACT

Bone remodelling is the biological process in which tissue regenerates or reabsorbs, continuously
adapting to the environment. An accurate in silico prediction can make possible the development
of tailor-made medical treatment protocols such as personalised prosthetic implants. Many existent
computational bone remodelling models (BRMs) are based on the homeostatic stabilisation of the
existent mechanical stimuli affecting the bone structure. However, the performance of this cellular
activity is influenced by specific biological conditions, translated at a macroscopic level in different
bone architecture outcomes and evolution trends for a given mechanical loading scenario. Moreover,
the bone distribution is also highly sensitive to the actual physiological forces acting on the bone.
Thus, the derivation of patient-specific biological factors and physiological actions affecting BRMs
may be necessary for improved practical applications.

Some phenomenological BRMs include in their formulation biologically depending parameters
which, along with the imposed physiological structural boundary conditions, are quantified by
coarse generic estimations. In this regard, we propose a methodology for fitting patient-specific
biological factors and loading conditions in a BRM simulation. The procedure is driven by the
error minimization between the obtained bone architecture and a reference one. The BRM used
was proposed by Doblaré and Garćıa [1], while the tissue mechanical stimulus is computed using
the Cartesian grid Finite Element Method due to its suitability for the generation of FE Models
directly from 3D medical images [2].

The results obtained suggest that the procedure proposed is able to effectively obtain both loading
conditions and patient-specific biological parameters for the BRM used.
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