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Computational analysis methods such as the finite element method (FEM) are
widely accepted in musculoskeletal biomechanics as an important tool used to investigate
the complex mechanisms of degenerative diseases such as osteoarthritis and osteoporosis,
in the design and analysis of total joint replacements and other orthopaedic devices, and
to predict the risk of injury. These methods are ideally suited to simulate the behavior of
complex biological structures that often include complicated geometry, non-linear
material behavior, and time dependent phenomenon. However, two limitations severely
limit the efficient and reliable applications of finite element methods in biomechanics.
Typical applications of finite element methods are limited in that each model represents a
single subject and, in order to construct a model from a different subject, the complete
model construction procedure must be repeated. The use of parametric modeling methods
would greatly reduce the time required to construct individualized models without
negatively impacting the predictive accuracy of the model. A second major limitation is
the inability to account for modeling uncertainty and biological variability in critical
model parameters such as joint loading, material properties, and failure properties and to
describe how this uncertainty and variability affect model predictions.

In this talk, Dr. Nicolella will describe the ongoing development of a parametric,
probabilistic finite element model of the human cervical spine to be used to predict the
risk of injury to Navy pilots. As part of this development effort, a hierarchical model
verification and validation methodology was defined and implemented to quantify the
predictive accuracy of the computational model. In addition, Dr. Nicolella will describe a
new parametric modeling method based on statistical shape modeling. The application of
this method to predicting the risk of osteoporotic fracture will be described.
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