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Introduction:

Signal noise causes uncertainty in diffusion tensor imaging (DTI) measurements. Errors in the primary eigenvector’s
direction can compound and result in inaccurate DTI fiber tracks. Knowledge of the probability distribution describing the
primary eigenvector’s direction can be incorporated in probabilistic fiber tracking algorithms. Bootstrap analysis has been
used as a model independent method of characterizing the distributions of DTl measures [1]. However, the bootstrap
analysis requires multiple acquisitions and intensive post-processing resources. In this study, the bootstrap analysis is
performed on the primary eigenvector and the resulting distributions are parameterized with standard DTI measures. The
goal is to predict features of the primary eigenvector’s distribution without performing the entire bootstrap analysis.

Methods:
DTl was performed at 3T, with b=1000s/mm? TR/TE=12000/63ms, 17 gradient directions, 1.7 isotropic voxels, and
repeated 3 times. The diffusion tensor, eigenvectors, and eigenvalues (Ai, A, A3) Were calculated 1000 times with
bootstrap samples selected from random combinations of the 3 acquisitions. A 2D histogram of the primary eigenvectors’
spherical coordinates (0, ¢) with 50x50 bins was saved for each voxel. The 2D histogram covers one half the surface of a
sphere. The histogram is centered on the primary eigenvector and rotated so that A, is in the 6 direction and A3 is in the ¢
direction. The distribution is fitted to a 2D elliptical Gaussian equation: —

F(O, 0)=Ao + A1 with U= (8/6ax) + (0/ax)” igenvector

The 2D elliptical Gaussian captures asymmetry of the angular distribution in
the 8 and ¢ directions with the Oax and ¢ax axis lengths. A chi-square
goodness of fit test was performed to check the match between the
Gaussian fit and the angular histogram. The three eigenvalues and residual
error from the tensor fit, calculated from the 3 NEX averaged DTI set, were
used as the independent variables in a multiple linear regression to each of

the parameters, Aq, Ay, In(Bax) and In(dax).
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Results:

Figure 1 shows example angular distribution histograms and the associated
2D Gaussian fits. Results of multiple regressions are shown in the table.
The mean value of Ay was zero and was uncorrelated with the eigenvalues.
The residual error of the fit to determine the tensor elements was also
uncorrelated. The width of the Gaussian in the 6 direction was most
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correlated with A, and A,. The width of the
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Gaussian in the ¢ direction was most CorrfEfl_a_tlon Coefficient Coefficient Coefficient
correlated with A; and A;. Figure 2 shows Coefficient
an example plot of the relationship of the Ay 8'33‘51 %2422 'g'zlf;_’ 'g~1lf:
primary eigenvalues with the width of the In(6ax) : s : :
Gaussian fit in the 6 direction. IN(0a) 0.714 -0.398 0.0403 0.245

Discussion/Conclusion:

The model of the bootstrap distribution
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used in this study can capture the width and asymmetry in the
primary  eigenvalue’s angular uncertainty. Voxels with high
anisotropy and A;>>A,=A; were observed to have tight, symmetric
distributions. Voxels with A;=A,>A; have distributions elongated in the
0 direction. The correlation of A, with 6, provides a method of
predicting the asymmetry of the distribution with just the eigenvalues.
Using the standard DTI eigenvalues, a probability distribution of the
direction of the primary eigenvalues can be estimated and used in
Monte-Carlo based probabilistic fiber tracking [2].
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