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Target audience: Researchers currently working with diffusion weighted imaging (DWI) and interested in invariant metrics not limited to single white matter 
regions of interest and robust tractography procedures compatible with clinical acquisition times.  
Purpose: Diffusion Tensor Imaging (DTI) is the most commonly used DWI technique to clinically probe microstructural structure of human tissues in 
vivo. However, DTI has major limitations, including the assumption of Gaussian diffusion and the inability to resolve crossing fibres. Alternative DWI techniques 
have been proposed such as Diffusion Kurtosis Imaging (DKI). In addition to the diffusion tensor (DT), DKI allows the estimation of the diffusion kurtosis tensor 
(KT) from data acquired within clinically feasible scanning times3. The KT quantifies the non-
Gaussian behaviour of water diffusion and can be used to extract measures of tissue 
heterogeneity4 or even biological parameters such as fiber density and intra and extra-cellular 
diffusivities5. Furthermore, the KT offers a better characterisation of the spatial arrangement of 
tissue microstructure6, and its geometry can be directly used to resolve crossing fibers7. As an 
alternative, crossing fibers can also be resolved from DKI using a mathematical estimation of 
the orientation distribution function (DKI-ODF)8,9. Although a previous study7 showed that 
fiber direction estimates from the KT geometry are more robust than the DKI-ODF approach 
proposed by Lazar et al.8, DKI-ODF procedures have since been improved by Jensen et al.9. In 
this study, the KT geometry fiber direction estimates were first compared to Jensen and 
colleagues’ extended version of the DKI-ODF approach on synthetic data. The methods were 
then applied to in vivo data to investigate the use of KT fiber direction estimates to resolve 
lateral corpus callosum projections crossing with ascending internal capsule fibers and 
compute a generalized version of radial kurtosis (RK), not limited to single white matter 
regions of interest. 
Methods: 1. Simulations: DT and KT of two crossing fibers intersecting at different angles 
were simulated using multi-compartmental models4, in which individual fibers are 
represented by anisotropic intra and extra-cellular compartments (the axial diffusivity for the 
intra and extra-cellular compartments were set to 0.99×10-3 and 2.26×10-3 mm2s-1, while their 
radial diffusivities were 0 and 0.87×10-3 mm2s-1)7. The angular error for both DKI 
procedures was plotted as a function of the ground truth crossing angle. The robustness of 
the results was evaluated repeating the simulations while changing, one by one, each 
parameter of the model. 2. MRI experiments: experiments were performed on a 3T Siemens 
Trio scanner. Six healthy adults (4 males, ages 25-32 years) were recruited. Whole brain 
images (isotropic resolution=2 mm, no gap) were acquired using a twice refocused spin echo 
(TRSE) echo-planar imaging sequence along 30 equality spaced diffusion-sensitizing 
directions each repeated for 5 b-values (500, 1000, 1500, 2000, and 2500 s.mm-2) together 
with 25 sets of images with no diffusion sensitisation (b-value = 0 s.mm-2). In addition, a 
high resolution 3D T1-weighted MPRAGE was acquired. 3. Data processing: DKI based 
fiber estimates for both synthetic data and real data were extracted directly from the KT as 
proposed by Neto-Henriques et al.7 and from the DKI-ODF according to Jensen et al.9. For 
comparison purposes, tractography and RK were computed based on the DT principal axis4. 
Tract reconstructions from DTI and DKI were initialized in all white matter voxels for all 
fiber estimates and propagated through voxels following these fiber directions with smaller 
angle deviation; tracking was finished when reaching a voxel with fractional anisotropy (FA) 
lower than 0.2 or where the angular deviation exceeded 60o. Corpus callosum and ascending 
internal capsule fibers were selected using ROIs automatically generated from Freesurfer10 
and FSL11. Two generalized versions of the RK were then computed from the individual RK 

for all KT and DKI-ODF fiber 
estimates and averaged.  

Results and Discussion: 
Simulations showed that, for 
fibers crossing at high angles, 
direction estimates extracted 
directly from the KT have smaller 
errors (Fig. 1). However, DKI-ODF estimation approaches show better angular resolution and lower 
stability to changes in the multi-compartment model parameters. In contrast to DTI tractography (Fig. 2, 
A), both DKI procedures were able to resolve crossings between callosal and internal capsule fibers 
(Fig. 2, B and C). Nevertheless, differences between the KT and ODF approaches were observed. 
Particularly, KT based tractography resolved a larger number of lateral callosal fibers, while ODF based 
tractography was more robust tracking fibers passing through the internal capsule. These observations 
were consistent in all six subjects. Standard RK maps seem to be noisier (Fig. 3, A) than the novel RK 
maps obtained from KT (Fig. 3, B) and DKI-ODF (Fig 3, C) fiber estimates. However, for some white 
matter regions where FA values are relatively high (Fig 3, D), RK values estimated from DKI-ODF 

were underestimated as on standard RK maps. 

Conclusion: The information provided by KT geometry appears useful for tractography algorithms 
that can overcome the performance of commonly used DTI approaches; they also afford an 
advantageous feature compared to previous DKI tractography methods by providing smaller angular 
errors for fiber crossings at higher angles, which may increase sensitivity when reconstructing specific 
white matter pathways as was the case for lateral corpus callosal fibers. Finally, results showed that 

KT provides the most adequate fiber direction estimates for computing accurate RK maps. In the future, we expect that our tractography procedures and 
generalized RK will be useful to study microstructural changes in the context of brain maturation, healthy ageing or pathological degeneration. 
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Fig 1. Angular error of the KT (panel A) and DKI-ODF 
(panel B) fiber estimates.  Curves related to the model’s 
initial values are marked as a black curves, while the green 
or red intensity curves were plotted after varying the value 
of fiber density according to each panel legend. 

Fig 2. Tractography of corpus callosum (CC) and ascending 
internal capsule (IC) fibers computed from DT (panel A), KT 
(panel B) and DKI-ODF (panel C) fiber direction estimates for a 
representative subject. CC, IC right and left fiber counts for all 
six subjects are reported in panel D.  

Fig 3. Coronal view of RK maps computed based on the 
DT (panel A), KT (panel B) and DKI-ODF (panel C).  
For comparison purposes, the FA map is shown in panel 
D. 
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