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Summary: FEA has become a common tool to investigate biomechanical problems. However, most of 
the models used are generic in nature and try to reflect the situation of an average patient. Modern 
software tools allow for biomechanical analysis in a patient-specific way, however often at a higher 
computational cost. We investigate, using two representative case studies, the potential added value 
of subject-specific biomechanical modeling.
Firstly, the aim was to quantify the effects of subject-specific geometry, density, and loading 
conditions on the strains at the femur neck. CT scans and gait data at several speeds of walking and 
running were collected from 9 elderly women, 70.1 ± 3.6 years old. Full-body generic and subject-
specific musculoskeletal models were used to calculate hip contact and muscle forces. CT-based 
FE models were generated; material properties were estimated from a template or subject’s CT. 
Principal strains for the generic models were around twice as high compared to the subject-specific 
models. Furthermore, the geometry and bone density from the subject’s CT had a greater influence 
on the calculated strains than the loading conditions. Results showed a need for subject-specific 
models to obtain reliable results for each individual. 
Then, it was investigated to what extent a subject-specific knee model could be a reliable predictor 
of post-operative behavior. Subject specific models of four cadaveric knees were constructed from 
CT images. The models were validated by comparing experimental cadaveric measures to model 
based kinematics and ligament elongations. First the native knees were mounted onto a mechanical 
rig to perform squatting, measuring kinematics and ligament elongations with optical markers and 
extensometers. Next total knee replacement surgery was performed on each knee by inserting a 
posterior stabilized implant and the same squat simulation performed with the implanted knees. 
Coronal malrotation was also introduced using tibial inserts with a built in slope. The models 
could accurately predict the tibio femoral kinematics and ligament elongations, showing excellent 
correlations and small root mean square errors in the same order of magnitude as other studies. 
Native knee results presented slightly higher deviations than the predictions for the implanted 
knees as a consequence of model simplifications.




