
Diffusion MRI Data Analysis 
 
Preprocessing and subsequent data analysis of DTI data will be performed using FMRIB's 
diffusion toolbox (FDT), which is a part of FSL, version 6.0.1 [1; 2]. Each dataset will be 
corrected for head motion, susceptibility, and eddy-current induced distortions. First, 
geometrical distortions caused by B0 field inhomogeneities will be corrected via TOPUP (2; 
3) based on additional inverted phase-blip data. For this purpose, five pairs of reference 
volumes at b=0 are acquired with positive and negative phase encoding gradients for 
distortion correction. Then, non-brain tissue will be removed from the averaged undistorted 
reference images using the FMRIB brain extraction tool (BET). Final preprocessing steps for 
eddy-current correction will be performed via EDDY, as described in the literature [3; 4]. 
Voxel-wise diffusion tensor fitting will be performed using linear regression, as implemented 
in the FSL toolbox “dtifit” to compute fractional anisotropy (FA) maps and determine the 
direction of the principal eigenvectors. Probability distributions of diffusion parameters and 
fiber orientations for later probabilistic fiber tracking will be estimated in each brain voxel 
using Markov Chain Monte Carlo sampling, as implemented in BEDPOSTX [5; 6]. The number 
of crossing fiber populations in each voxel will be estimated using automatic relevance 
determination and will be limited to a maximum of three orientations. 
 
After the underlying brainstem pathology has been identified by at least two of the 
researchers on high-resolution T1-weighted anatomical images, fiber tractography will be 
carried out. First, non-brain tissue will be removed from the anatomical image using BET 
with a fractional intensity threshold of 0.2 [7]. A global affine transform will then be 
calculated between the anatomical image and the brain-extracted average undistorted 
reference images acquired at b=0, using FLIRT with 6 degrees of freedom and mutual 
information cost function [8; 9]. Next, a cerebrospinal fluid (CSF) mask will be created using 
automatic segmentation of the structural image via FAST [10]. The resulting CSF map will be 
thresholded to exclude all non-brain voxels and voxels at the CSF-gray matter boundary from 
fiber tracking. To guide the probabilistic fiber tracking along the Guillain-Mollaret triangle, 
volumetric single seed masks are manually drawn on co-registered high-resolution T1-
weighted anatomical images (MP-RAGE). The regions-of-interest (ROIs) for all necessary 
seed, target, and waypoint masks will be manually allocated by researchers with 
neuroradiological expertise to the dentate nuclei, the inferior olivary nuclei, around the red 
nuclei and central tegmental tracts. Exclusion masks of the midline may be applied to 
differentiate sides. The probabilistic tractography will then be performed on all datasets 
using PROBTRACKX [5; 6]. A total of 1000 samples (i.e., probability streamlines heading to 
both opposite directions) will be started from each seed voxel with a step length of 0.5 mm. 
The tracking will be stopped after 2000 steps or when the angle between two consecutive 
steps exceeds 78.5° or when the sample leaves the brain mask or enters the CSF mask. The 
sample counts per voxel will then be stored in the space of the anatomical image, yielding a 
connectivity distribution map per dataset. Degeneration of affected fiber tracts as identified 
during tractography is assessed by measuring mean diffusivity and fractional anisotropy as 
markers of microstructural white matter integrity and visualized. In addition, DTI data will be 
analyzed using other tractography software tools such as TrackVis [11] and MRtrix [12], to 
identify and mitigate artifacts (e.g., false positive fibre tracts). Preliminary results based on 
the deterministic tractography (acquired via TrackVis) are presented in Figure 6. Results 
based on the probabilistic tractography via FSL (PROBTRACKX) and MRtrix will be 
demonstrated in detail in the research paper showing the study results. 
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