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Purpose: The goal of this projectis to demonstratethatusageof different gradientdirectionsduringtheacquisitionandreconstruction
phasesof a DTI scancanproduce imagesexhibiting complex diffusion characteristics. In this manner,a simple anisotropic phantom
(e.g., “hot dog” geometry)could beemployedto infer thequality of datafor more clinically-realistic tissuestructures(e.g.,oblate,or
“pancake” structures,and two prolate structuresthatintersect).

Method and Materials: A water-fil ledphantom containing glasscapillary arrays wasconstructed. ThreeDTI seriesof imagesfrom a
3.0T GE HDx scannerwere acquiredby specifying setsof acquisition directionsto producesyntheticoblatediffusiondistributions
andtwo diffusion distributionswhereprolatedistributionsintersect, usingstandardgradientdirectionsfor reconstruction. Acquisition
directionswerecalculatedso that diffusionwasmostrestrictedin they-direction. Thethreedesireddiffusion distributionswerefirst
simulatedusingMATLAB, andacquisition directions appropriatefor eachwerecomputed. Eigenvalues,eigenvectors,andfractional
anisotropy of theoblate tensor werecalculatedwithin anROI. RMSdifferencesbetweengeneratedand measuredADCs were
determined.

Results:Thesimulatedoblatedata produceda tensorwith reasonable symmetryin thex-z plane,restrictedin they direction.
Eigenvalue magnitudeswere consistent with thosemeasuredfor thecapillary array,albeitwith thevalues associatedwith different
eigenvectors. ADC distributionsfor intersecting prolatedistributionsqualitatively resemble thesimulateddistributions,and
quantitatively matchthesimulateddistributionsmorecloselythana spherical distribution.

Conclusion: This work suggeststhatonecould usesimple phantomsto monitor scannerperformancefor measuringdiffusion
distributionswith more similarity to tissue. Gradientdutycycleis similar to anordinarydiffusion protocol; theeffectof noise,
originating from sourcesotherthanthegradients,on complicateddiffusion distributionscouldbecharacterizedempirically.


