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Introduction 

Diffusion MRI has become an important tool in analyzing how brain pathology affects structure. However, the standard method of applying a tensor model to characterize diffusion data is inadequate in many regions of the brain. Our research aims to explore other methods to analyze diffusion data that can more accurately characterize complex fiber regions.
Methods 

 The proposed method was to create a way to characterize unknown data by performing a clustering analysis using spherical harmonics (CASH). To do this, simulated data was created for various one, two, and three fiber regions1, and analyzed using the diffusion displacement probability function (dDPF)2. Each dDPF was then expanded into spherical harmonics3, and the spherical harmonic coefficients were used to create a n-dimensional vector, where n is dependent on the order of spherical harmonics used, and these vectors are stored into a database of known fiber configurations. Unknown data was analyzed in a similar fashion, and reduced down to an n-dimensional vector as well. In this way, we can cluster unknown data against a known database to better characterize the diffusion data.
Results and Discussion

The CASH method was used on simulated data and human data and analyzed. Using this method, simulated data and the human data was able to be clustered into white matter regions with 1 fiber, 2 fiber, and 3 fiber populations.  For complex fiber regions, the data could then further be clustered into the volume fractions of each fiber population, as well as the angular separation between the fiber populations (fig. 1). 
Conclusions

The CASH method provides an enhanced method to accurately characterize complex fiber regions. This methodology allows us to analyze differences in complex fiber structure against brain pathology that we could not analyze before. This method can be expanded to account for deviations in diffusion data due to any variable. 
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Fig.1 Example results from analysis on a human brain. Figure shows the FA (top left) and clustering based on 1fiber (red), 2fiber (blue), and 3fiber (green), (bottom left), angular separation for 2fiber (top middle) and largest fiber volume fraction for 2fiber (bottom middle) and 3fiber (bottom right).


 








