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TARGET AUDIENCE  
Diffusional kurtosis imaging (DKI) is a diffusion magnetic resonance imaging (dMRI) technique for quantifying non-Gaussian diffusion dynamics in-vivo.1 This study 
will benefit those wish perform white matter (WM) fiber tractrography (FT) with DKI datasets. 

PURPOSE 
By combining the diffusion and kurtosis tensors, DKI is capable of resolving the orientations of intra-voxel crossing WM fiber bundles with the kurtosis diffusion 
orientation distribution function (dODF).  This is not possible utilizing the diffusion tensor alone and confounds WM FT based on diffusion tensor imaging (DTI).2,3 
Consequently, it is of interest to provide a method of incorporating the kurtosis dODF into analysis of standard DKI datasets for DKI-based WM FT. In this study, we 
develop an efficient method for analyzing the kurtosis dODF that optimizes its performance and sensitivity for detecting crossing fibers.  
 
METHODS  
DKI datasets were acquired for 5 healthy volunteers with a 3T TIM Trio MRI scanner (Siemens Medical, Erlangen, Germany) using a vendor-supplied diffusion 
sequence, 3 b-values of 0, 1000, and 2000 s/mm2, and 60 isotropically distributed gradient directions to estimate the diffusion and kurtosis tensors. Acquisition 
parameters used were TR/TE = 7200/103 ms, voxel dimensions = 2.5 x 2.5 x 2.5 mm3, matrix = 88 x 88, number of slices = 52, parallel imaging factor of 2, bandwidth 
= 1352 Hz/Px, and a 32 channel head coil with adaptive combine mode. For each subject, 3 full DKI datasets were acquired, including a total of 25 images without 
diffusion weighting (b0 images). An additional T1-weighted image was also obtained for anatomical reference. Each independent DKI acquisition took 15.4 min, and 
the full DKI acquisition took 48.9 min. For one subject, an additional DKI dataset was acquired with decreased scanner requirements that are more appropriate for 
clinical applications. Acquisition parameters for this scan include 3 b-values of 0, 1000, and 2000 s/mm2, a single b0 image, 30 isotropically distributed gradient 
directions, TR/TE = 5200/96 ms, voxel dimensions = 3.0 x 3.0 x 3.0 mm3, matrix size = 74 x 74, number of slices = 40, parallel imaging factor of 2, and  bandwidth = 
1352 Hz/Px. The acquisition time for this protocol was 5.4 min. All images for each subject were co-registered to the initial b0 image using SPM8 (Wellcome Trust 
Center for Neuroimaging, London, UK) with the normalized mutual information cost function, and an average DKI dataset was created by averaging all 25 independent 
b0 images and all 3 independent images for each applied diffusion weighting gradient vector. All data were processed with in-house software written in MATALB 
2012a (Mathworks, Natick, MA), and all analyses were performed on the average DKI datasets, with the exception of analysis of angular precision and reproducibility, 
which were performed on the independent DKI acquisitions.  The DKI dODF was calculated from the closed form solution provided by Jensen et al.,3 and the local 
maxima pair were identified using the quasi-Newton method. WM regions of interest (ROIs) were defined by voxels with fractional anisotropy (FA) values greater than 
0.15. The effects of the radial weighting power, , on the kurtosis dODF were evaluated for 9 consecutive integer values of  between 0 and 8 for each subject. Peak 
sensitivity was defined as the relative probability of detecting a given number of fiber bundle orientations in a randomly chosen WM voxel, as well as the mean number 
of fiber bundles detected throughout the brain mask, where the number of fiber bundles detected was defined as the number of local maxima pairs detected in the 
kurtosis dODF. Angular difference was defined as the difference in degrees between the orientation of the principal eigenvector of the diffusion tensor (corresponding 
to the principal / maximum eigenvalue) and the principle orientation detected from the kurtosis dODF, defined as the orientation corresponding to the global maxima 
pair in the average DKI dataset. To calculate angular precision, 3 orientation vectors from the 3 independent scans were taken from each voxel and averaged. Angular 
precision was then defined as the average angle between each orientation vector and the average vector. In the DTI dataset these orientation vectors were the principle 
eigenvectors from the diffusion tensor, and in the DKI dataset each orientation vector was defined as the closest maxima pair to the principle orientation from the 
average dataset. The fraction of non-positive definite dODFs was also calculated as the fraction of image voxels with at least one negative value of the kurtosis dODF, 

to assess the physical plausibility of the kurtosis dODF approximations (as the exact dODF must be 
nonnegative). For DKI based WM FT, the radial weighting power was set at 4. WM FT was 
performed using the deterministic fiber assignment by continuous tracking (FACT) algorithm using an 
FA cutoff threshold of 0.1 and angle threshold of 35°. To illustrate reproducibility, WM FT results and 
parameter maps from the average scan of one subject were compared to an independent DKI 
acquisition with decreased scanner requirements including lower resolution, fewer gradient directions, 
and significantly reduced scan time. WM FT results were visualized with TrackVis 
(http://trackvis.org/).    

RESULTS 
Quantitative results for peak sensitivity, angular difference, mean angular precision, and the fraction of 
non-positive definite DKI dODFs versus  for all WM voxels pooled from all 5 subjects are given in 
Figure 1. Increasing radial weighting tends to increase the sensitivity of peak detection and the angular 
difference up to a point, but also increases the variability in the principal orientation and can lead to 
dODFs that are not positive definite, due to the exclusion of higher-order terms from the DKI signal 
approximation. Qualitative results illustrating the reproducibility of WM FT from different DKI 
acquisition protocols are given in Figure 2.  

DISCUSSION & CONCLUSION  
The radial weighting power of 4 provides a good balance between increasing peak detection 
sensitivity, influencing the principal orientation of the kurtosis dODF, and minimizing the negative 
consequences of too strong radial weighting, such as increasing variability in the principal orientation 
vector and occurrence of non-positive definite dODFs. Good qualitative consistency of DKI-based 
WM FT across different image acquisition schemes was observed, which suggests that DKI-based 
WM FT can be performed with many existing datasets having similar acquisition protocols. 

REFERENCES 
 1. Jensen JH, Helpern JA.NMR Biomed. 23(7):698-710, 2010. 2. Lazar M, et al. Magn Reson Med. 
60:774-81, 2008.  3. Jensen JH, et al. NMR Biomed. 27(2):202-11, 2014.  

Figure 1. Optimizing alpha. The alpha value for the top two 
graphs are indicated by line color. Error bars are the standard 
deviation of the mean parameter value from all 5 subjects 

Figure 2. Reproducibility of DKI based WM FT from
different DKI scans for a single subject, where a transverse
slice filter has been used to select WM fibers.  
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