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TARGET AUDIENCE: Researchers interested in diffusion MRI and neuroanatomical studies

PURPOSE: A high angular resolution diffusion atlas would allow for modeling the normative representative structure of
white matter in the healthy human brain in a common space that facilitates integration of results across studies and
modalities (e.g., fMRI). Here we created a high-resolution fODF atlas using the HCP 80 subject data. A diffusion orientation
distribution function (dODF) and a fiber ODF (fODF) atlas provide the representative structure of the white matter that can
be used to conduct fiber tracking and to obtain the connectivity matrix.

METHODS: The diffusion MRI data are from the Human Connectome Project, WU-Minn Consortium (Q1-Q3 release). A
total of 488 subjects were scanned in a Siemens 3T Skyra scanner using an EPI sequence with a multi-band factor of 3.
The spatial resolution is 1.25 mm isotropic, TR=5500 ms, TE=89ms. The b-values were 1000, 2000, and 3000 s/mm2. The
total number of diffusion sampling directions was 270.
Data processing

As shown in figure 1, we combined g-space diffeomorphic
reconstruction (QSDR)[1] and diffusion decomposition
method to obtain fODF atlas from the publicly available
human connectome project data. QSDR reconstructed the
spin distribution function in the MNI space, whereas the
diffusion deconvolution [2] and diffusion decomposition [3]
estimated the regular fODF and sparse solution for fODF,
respectively. A diffusion length sampling ratio of 1.25 was
used. Diffusion decomposition was applied with a
decomposition fraction of 0.05 and a maximum fiber count
of 10 per voxel. The fODF atlas was created by averaging
all subjects’ sparse fODFs intp MNI space. A deterministic
fiber tracking [4] was applied to the created
atlases and an ROl was placed at right
centrum semiovale. The analysis was
conducted using DSl Studio
(http://dsi_studio.labsolver.org).

RESULTS AND DISCUSSION: Our result
shows that the group-averaged fODF atlas
provides sharper ODF presentation to local
fiber directions, and sparse fODF gives even
sharper presentation. The improved angular
resolution in sSfODF can be attributed to its
sparsity presentation, as shown in the upper
row of figure 2. The lower row of figure 2
shows the tractography of dODF, fODF, and
sfODF generated from a centrum semiovale
ROI to map the 3-way crossing fibers. The
tractography generated from on fODF and
sfODF atlases covers more branches than
dODF atlas, suggesting that it may serve as Fig 2. The upper row shows coronal views of dODF, fODF, and sfODF atlas. The lower row

a better template than regular dODF atlas shows the tractography generated from a centrum semiovale ROI, where 3-way crossing

for study human brain structure. fibers intercept with each other.

CONCLUSION: A fODF atlas offers a group representation of local fiber directions with a high angular resolution on
reconstructed fibers, facilitating neuroanatomy studies to define normative structural pathways in the human brain.
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Fig 1. A follow chart showing the construction of an fODF atlas.
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