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The complexity of neural tissue extends from the nanometer diameters of neural axons and dendrites up to the millimeter dimensions of the white matter fibers that connect distinct regions of the cerebral cortex. Classical brain histology maps cellular connectivity, while contemporary diffusion tensor imaging (DTI) establishes the three-dimensional realization of brain connectivity. The goal of this work is to develop new multi-scale models of neural fiber networks, such as those in the corpus callosum that connect the cerebral hemispheres, by using fractional calculus. We hope to capture sub-voxel (micron scale) features of brain structure in the signal decay pattern observed in diffusion-weighted MR images. The often observed non-Gaussian signal decay can be modeled within the context of a continuous time random walk via either a generalized fractional Brownian motion expressing sub-diffusion or as a Levy flight model of super-diffusion. Both approaches lead to new fractional-order scale parameters that could be useful for diagnostic purposes, such as monitoring neural tissue development and, in the case of neural degenerative diseases, imaging changes in neural connectivity.
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