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Introduction:
Diffusion tensor imaging (DTI), a modality of MRI that measures water diffusion properties noninvasively, is highly
sensitive to subtle structural changes of white matter [1]. Methods for fiber reconstruction from DTI data are mostly
based on a single-tensor modal, such as the Fiber Assignment by Continuous Tracking (FACT) [2], which may be disturbed by
the presence of crossing fibers and drop important fiber paths in such areas (e.g., corpus callosum (CC) and cerebellar
peduncle (CP)) [3]. The probabilistic method [4] integrated in FMRIB Diffusion Toolbox (FDT) can deal with multi-fiber
tractography, but it focuses on the estimation of probability of global connectivity instead of reconstruction of specific
fiber tracts. Here, we proposed a line propagation method based on FDT probabilistic tracking (LP-FPT) for reproducible
reconstruction of fiber tracts in areas with crossing fiber.
Methods:
DTI dataset from a 25-years old adult was acquired on a Philips 3T Achieva MR system with image resolution of 2 mm
isotropic voxels, 30 independent gradient directions and b value of 1000 s/mm2. DTI dataset was preprocessed in FSL. The
workflow of our LP-FPT method is shown in Fig. 1. The probability distribution of local directions of preprocessed DTI
dataset (Fig. 1a) was obtained with FDT and multiple samples of the directions (Fig. 1b) were generated. With a seed
region of interest (ROI) drawn for the reconstruction of particular fiber tracts (Fig. 1d), a voxel-wise map indicating
the connectivity probability between every voxel and the seed ROI was gained by FDT probabilistic tracking process (Fig.
1e). Voxels with probability higher than a threshold in the probability map composed a mask (Fig. 1f). We performed a
brute force tracking procedure for each sample (Fig. 1c), then selected and merged fiber paths that pass through the seed
ROI and lie within the probability mask (Fig. 1g). The tracking process used similar streamlining strategy with FACT with
several alterations for multi-fiber case referring to FDT [4] and our previous work [5]. During the selection and merging
process, we also removed redundant fiber paths passing through overlap regions with existed ones to reduce the size of
final results. The probability mask helps remove some noisy fiber tracts, and may improve the reproducibility. Here, we
used Dice ratio to evaluate the reproducibility [6].
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Results:
As a comparison, FACT was performed using Diffusion Toolkit. Fiber tracking results based on LP-FPT and FACT in two ROIs
(middle of CC and CP) are shown in Fig.2. We can see several improved areas with radiation structures of both fiber
bundles traced from middle of CC and CP using LP-FPT. In addition, we tested the reproducibility of LP-FPT results. We
performed FDT probabilistic tracking 3 times for the test subject data and generated probability masks each time with
different thresholds (5, 10, 50, and 100). The number of samples is set to be 5,000 for generating the probability map in
FDT as default. Dice ratio was calculated to evaluate the spatial overlap between line propagation results with these
masks of each time. A high Dice ratio indicates good reproducibility. From Table 1, we can see that the dice ratio is
higher than 0.9 when the threshold for generating probability masks is above 20. LP-FPT results shown in Fig. 2 were
obtained with the threshold at 20.

Conclusions:
Our proposed LP-FDT obtained reproducible and improved tracking results in crossing fiber regions compared with FACT
algorithm. Besides, the LP-FPT is also a better simulation of axons than the probabilistic map. This line propagation
method can be useful in the study of brain structural connectivity, clinical diagnosis and pre-surgical planning.
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Modeling and Analysis Methods:
Diffusion MRI Modeling and Analysis
Neuroanatomy:
White Matter Anatomy, Fiber Pathways and Connectivity 1
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