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ABSTRACT

Femoral metastases lead to a regional mechanical weakening, mainly resulting in a reduction
of overall femoral strength and higher fracture risk. A femur fracture is problematic in pa-
tients affected by metastases, leading to a reduction in the life quality of such patients that
already show a limited life expectancy. For this reason, a proper assessment of fracture risk is
crucial to establish the most suitable preventive individualized treatment strategy. Currently,
the identification of patients at high risk of fracture is based on clinical judgment and Mirels
scoring system, revealing to be not optimal strategies for valid fracture risk prediction [1, 2].
Due to the lack of well-established clinical guidelines, the development of an accurate tool for
enhancing the fracture risk assessment in metastatic femurs is still an open issue to be faced to
effectively support clinical practice. Bone strength, bone microstructure, biomechanical environ-
ment and loads acting upon a femur are some of counteracting mechanical factors that deeply
affect the fracture risk assessment and should be accounted for. Patient-specific Computed To-
mography (CT)-based finite element (FE) modeling represents a powerful tool for taking into
account the complex interplay among the mechanical factors and the strong coupling associated
with multiple physics and scales involved into such a biomechanical problem. In such a frame-
work, the present work aims to contribute towards the definition of a refined patient-specific
CT-based FE modeling procedure, useful for describing the mechanical behaviour of metastatic
femurs. By addressing a clinical case study, characterized by both metastatic femurs, a novel
geometric/constitutive description is introduced by modeling healthy bone and metastases via a
linearly poroelastic constitutive approach and prescribing a graded transition of material prop-
erties between healthy and metastatic tissues to account for the bone-metastasis interaction.
A progressive damage procedure is implemented to simulate a loading-induced failure process.
Numerical results highlight that the proposed constitutive description significantly affects the
macroscale of metastatic femurs. Moreover, the proposed approach furnishes indications about
stress-strain local stimuli within the metastatic tissue and at the bone-metastasis interfaces, fun-
damental for identifying mechano-biological effects regulating disease evolution and remodelling
processes and supporting clinicians in the development of preventive patient-specific treatments
against metastasis evolution and fracture events.
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