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ABSTRACT

The vast majority of orthopaedic computational studies use a single or limited number of bone
models. The derived results are then extrapolated to try to draw conclusions for the population as a
whole. This sacrifices quantitative accuracy by ignoring natural interpatient variability. Current
applications of the finite element (FE) models are limited by the need of creating a new model from
scratch in each new patient; furthermore, only small gains in efficiency are obtained by this
approach. This work describes the development of a three-dimensional parametric FE model of the
proximal human femur incorporating geometric and material properties. The model is constructed
from the value of 9 parameters that can be easily measured through a radiograph. The parametric
patient-specific model is validated comparing the mechanical behavior of the real femur and its
corresponding parametric model under different loading cases. The equivalent strains and bone
density distribution were qualitative and quantitatively computed, obtaining that the parametric
results were within the real ones.

Additionally, the study predicted the fracture risk [1] under the impact of an oblique fall to the side, a
scenario known to account for a large proportion of hip fractures in the elderly and have a lower
fracture load than alternative loading approaches. The likely fracture location was indicated to be
intertrochantic. Comparison to previous computational, clinical and experimental work revealed
support to these findings. The influence of each model parameter on the fracture prediction was also
analysed.

In conclusion, this study illustrates a methodology with the potential to generate patient-specific
proximal femur models incorporating material properties. The results demonstrate that the presented
method is an advance stage, and can be used in clinical studies of femoral neck fracture risk
prediction. The use of parametric modelling methods would greatly reduce time required to construct
a model of an individual’s femur and, by preserving model fidelity, would not negatively impact the
predictive accuracy of the model.
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