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Multi-scale modeling as a framework for uncovering the relationships between
skeletal muscle structure, function, and injury

Skeletal muscle has a beautiful hierarchical structure that enables thousands of muscle
cells to work in concert and actuate movement. In my presentation, I will describe our
computational framework for analyzing muscle structure and function at multiple levels
of this hierarchy, including fibers, fascicles, and whole muscle. The framework combines
modeling efforts in several areas, including the development of a constitutive model for
describing the nonlinear, active, anisotropic behavior of muscle tissue, the application of
micromechanical modeling methods for deriving muscle tissue properties, and the
implementation of image-based modeling techniques for creating and validating subject-
specific muscle models. This modeling framework can be used to explore how the
structure and properties of muscle fibers, muscle fascicles, muscle tissue, tendons, and
whole muscle affects function. For example, we are creating models to (i) understand
how fiber and fascicle geometry affect muscle tissue properties and force-generating
ability, and (ii) explore the effects of internal muscle-tendon morphology on muscle
injury susceptibility.
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