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Overview: The medical and biomedical research communities who use diffusion-
weighted magnetic resonance imaging (MRI) are trying to assess changes in tissue 
structure by monitoring the diffusion of tissue water using special MR pulse sequences 
that tag the precession of spins on the hydrogen in water. This is difficult to do because 
tissue in heterogeneous, complex, anisotropic and multi-scale, multi-compartmental and 
multi-component. Fractional calculus provides a new way of reducing the dimensionality 
of the problem – particularly when the diffusion is viewed as a continuous time random 
walk problem. For integer order systems, the Bloch-Torrey equation provides a good way 
to describe anisotropic diffusion and is the basis for diffusion tensor imaging (DTI). My 
group and colleagues (A. Hanyga, M. Meerschaert) are trying to extend the fractional 
calculus models of diffusion to account for spatial variation in fractional order, e.g., 
fractional order vector calculus or order (x,y,z). In order to proceed we also need a 
consistent way of describing the directional dependence of  as a scalar, a vector and 
perhaps even as a tensor, which is the case for the diffusion coefficient in anisotropic 
tissues such as muscle, ligaments, and brain white matter. Below are some recent 
references to papers in which we have begun to approach this problem. 
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