
BrainSuite Diffusion Pipeline (BDP): Processing tools for diffusion-MRI

BrainSuite Diffusion Pipeline (BDP) offers a flexible open

source, novel set of processing tools for diffusion weighted

images (DWI) with arbitrary q-space sampling schemes.

Features:
• Correct for well-known susceptibility induced distortion

with or without fieldmap

• Co-register DWI and T1 weighted structural MRI

• Perform diffusion orientation analysis for white matter

tractography modelling

• Estimate microstructure related quantitative maps to

infer about brain connectivity and tissue integrity.

• ROI wise single subject and group statistical analysis

Novel BDP algorithms:
• INVERSION is a robust image-registration technique that

uses novel contrast normalization for accurate non-rigid

alignment of diffusion and T1w MR images and allows

distortion correction without a B0 fieldmap [1].

• FRACT [2] and ERFO [3,4] are novel orientation distribution

functions (ODFs) estimators that improve white matter

tractography using linear theory and machine learning.

Interoperability and availability:
• BDP seamlessly integrates with BrainSuite’s collection of

image and surface processing, analysis and statistical tools.

• BDP ODFs can be used with DSI Studio tractography

• BDP is available for Windows, Linux, MacOS, and is

included as part of the BrainSuite BIDS App. An interface for

BDP is also provided for NiPype [5].

BDP Outline

Co-registration to T1-weighted images is needed to identify, delineate and quantify microstructural characteristics of neuroanatomical structures and the

white matter connections between them. Distortion correction is essential for accurate co-registration between DWI and T1-weighted images. (left panel)

BDP performs accurate co-registration between DWI and T1-weighted MRI using the novel INVERSION technique, outperforming two commonly used

FSL modules (FLIRT and EPI-Reg) in an experiment of 194 known (randomly generated) rigid transformations. (middle panel)

BDP can also correct susceptibility-induced distortion using INVERSION-based non-rigid registration or using B0 fieldmaps when available. Registration-

based distortion correction can achieve comparable results to fieldmap-based distortion correction, especially when using INVERSION cost-function. (right

panel)

Diffusion tensors and ODFs estimated by

BDP can be visualized using BrainSuite

graphical interface.

Particularly, the diffusion toolbox allows

real-time fiber tracking and interactive

visualization of fiber tracks of whole brain

or customized ROIs.

Furthermore, BDP can interoperate with

DSI Studio (http://dsi-studio.labsolver.org)

tractography.
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ROI-wise single subject statistics for

scalar maps can be computed in BDP for

SVreg labelled ROIs.

ROI- or voxel-wise group statistics

can be computed using the BrainSuite

Statistics toolbox in R (bssr).
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• BrainSuite website: http://brainsuite.org

• BDP main: http://brainsuite.org/processing/diffusion/

• Download: http://forums.brainsuite.org/download/

• BDP tutorial: http://brainsuite.org/tutorials/dtiexercise/

BDP Resources
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BDP Workflow

SVReg

Visualization of diffusion tensors, connectivity map and track filtering

ANOVA testing for FA: Effect of age on FA when controlled for sex.

BDP has implemented two novel ODF estimators that are advantageous for tractography namely

• FRACT that generates ODFs with high angular resolution from single shell data [2].

• ERFO that uses machine learning and linear estimation theory to optimize ODF accuracy for arbitrary q-space sampling schemes [3,4].

Figure shows a 64 sample, 3-crossing (corpus callosum (red), cortico-spinal (blue) and longitudinal fasciculus(green)) region, sagittal view:

• CSD generates many false positive noisy tracks with the fasciculus track ending prematurely. CSD requires more samples and/or priors.

• FRACT has fewer false positives than CSD with fasciculus track covering more anatomy. FRACT too will benefit from more samples.

• ERFO give the most cohesive and high density tracks with least false positives of the three methods. Fasciculus track is reconstructed most accurately.

ERFO performs well with low q-space samples and hence especially advantageous for clinical applications where the scan time is low.

Other methods implemented include DTI, FRT, 3D-SHORE [6] and GQI [7].

Additionally, diffusivity and anisotropy based quantitative maps are calculated in BDP from DTI and ODF estimations.
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