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Purpose: The goal of this projectwasto optimizeangularprecisionin determining theprinciplediffusioneigenvector of prolate
tensors in a diffusion tensor imaging (DTI) series,using prior knowledgeof principleeigenvectordirection and non-uniform
specificationof gradient directions. Additionally, theeffectof non-uniform gradientdistributionson fractionalanisotropy (FA) was
characterized.

Method and Materials: Simulationswereconducted,representing diffusive behaviorin tissueasmanifestin a DTI imageseries.
Dif fusion-encodinggradient directionswereconstrainedin elevation, for a prolate tensororiented alongthez-axis. Noisewasadded
to generatemultiple measurements asper a DTI ROI analysis. Tensors werecalculatedaswell asFA. Angularprecisionwas
quantified asthedispersion in theanglebetweentheprinciple eigenvector of theprolateand thez-axis. To confirm simulations, a
phantom containingglasscapillary arrays(FA=0.68) wasimagedwith DTI usinga 3.0T GE HDx scanner. Gradientdirectionswere
specified to matchsimulationresults. Eigenvalues,eigenvectors,andFA werecalculatedwithin an ROI.

Results:Simulationsidentify the rangeof elevation anglesθ=30o-40o as beingmostsensitive to thedeterminationof principle
eigenvector direction. This result is fairly consistentwithin therangeof FA=0.2-0.8. Prescriptionof gradientswithin a bandof
elevation angleshaving a width of ∆θ ~40o-60o andcenteredat θ ~30o canimproveangularprecisionby 30-40%,givenanuncertainty
in prior eigenvectordirectionof <30o. FA precisionusingthis schemeis similar to uniform gradientprescriptions, andaccuracyis
improved at low SNRvalues. Data from phantom measurementsgenerally agreewith simulationresults.

Conclusion: This work suggeststhatprior knowledgeof principle eigenvector direction can improveits final determination,using
gradients prescribednon-uniformly. This techniquemaybeusefulfor increasingsensiti vity in theseconditions(e.g.,spinallesions,
determiningtumor infil tration of white mattertracts).


