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Purpose: Diffusion tenorimaging(DTI) hasbeenshown to bea valuabletechnology for
in vivo assessmentof white matter(WM) diseases,andhaspotentialfor monitoringthe
effect of radiation on WM structures. Theaim of this work is to develop anautomated
methodfor classification of substructuresof normal-appearing anddisease-affectedwhite
matter(NA andDAWM) from diffusion tenor images. Methods: Themethodologyis
baseduponthefuzzyc-meansclusteringalgorithm with nearest-neighborspatial
constraint to enhancespatial continuityandovercomeintensityinhomogeneity. To
resolvesubstructuresof WM andgreymatter(GM), which areobscuredby large
diffusion coefficientsandvariationsin cerebral-spinalfluid (CSF),a two-layer
hierarchical treeof fuzzyclassificationwas developed.In thefirst level of classification,
tissueis segmentedfrom CSFor a fluid-like class. Then,tissueis further partitionedinto
subclassesbasedupontheir characteristic anisotropicwater diffusion. We tested which
feature spacecouldresult in better classification,in which theDTI datawerepresented as
diffusion-weighteddata,elementsof thediffusion tenor,andeigen-diffusivities. We
appliedthemethodto DTI data from patientswith normal-appearingWM, low grade
glioma,meningioma,and benign brain tumors. Resolvedstructuresof NAWM andGM
werecomparedto a brain atlas. Results: Eigen-diffusivities resultedin mostrobust
classificationof substructuresthan other formsof data. Resolvedsubstructures included
genuandspleniumof corpuscallosum,corticospinalfibers, subinsularWM, optical
radiationWM, internalcapsule, caudatenucleus,lenticularnucleus, andthalamus.
Necrotictumorandedemaregionsof WM wereidentifiedwith either a fluid-like or sub-
tissueclass,dependinguponthewater content, andviabletissue. Conclusion: We have
developeda robustmethodfor classificationof substructuresof NA and DA WM and
GM using DTI. Thedifferentiatedsubstructurescould beusefulfor radiation treatment
planning,and for monitoringradiation effect.


