TractConnect

This MATLAB function enables detailed white matter analyses to be performed based on the combination of labeled T1-weighted structural images, coregistered diffusion parameter maps, and tractography. The function is designed to work with the outputs of BrainSuite. Specifically, we provide capabilities to select specific groups of fiber tracks based on whether or not they pass through specific anatomical ROIs, to define volumetric white-matter ROIs that correspond to selected track groups, and to quantify the volumes and average diffusion parameters of these volumetric ROIs. The combination of this function with the multi-modal processing capabilities of BrainSuite helps to automate and simplify the quantification of specific white matter fiber tracts, and should be particularly useful for longitudinal and/or multi-subject analyses. Figure 1 below illustrates the workflow of the function via Brainsuite GUI.
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Fig. 1: The input data for our software: (a) T1-weighted image. (b) The image after labeling with BrainSuite. (c) The color
FA map computed from the coregistered diffusion data. (d) Full-brain tractography. After selecting two ROIs (the Left and
Right R. Superior Frontal Gyri) and using the AND logical relation, our software generates: (e) a subset of selected tracks:
(f) a surface generated from the output track mask: (g) a track mask, shown as an overlay on the color FA image.




tractconnect <brainsuite_saved_tract_file> [options] 

where, <brainsuite_saved_tract_file> is the input filename of Brainsuite saved tract spacial location information file (.dft), you can generate it through Brainsuite tracography. It can be the fullset of tract or a subset, depending on the necessary.

Some examples of running this program to get fa statistic result of tracts is:

tractconnect (‘fibers.dft’, ‘--label’, ‘2467264c.svreg.label.nii.gz’, ‘--patternROI’, ‘120&121’, ‘120&~121’, ‘120|121’, ‘--data’, ‘2467264c.dwi.reoriented.correct.MD.mprage.nii.gz’);

The above function filtered fiber tracts that: pass both label no.120 and label no.121, pass label no.120 but not label no.121, and pass label no.120 or label no.121 with the tracts’ spatial information comes from ‘fibers.dft’ and brain’s label information from ‘2467264c.svreg.label.nii.gz’. For the satisfied tracts groups, data is retrieved from ‘2467264c.dwi.reoriented.correct.MD.mprage.nii.gz’ to calculate the median, mean and standard deviation of fiber tracts’ mean diffusion (MD) value, respectively.

tractconnect (‘fibers.dft’, ‘--label’, ‘2467264c.svreg.label.nii.gz’, ‘--patternROI’, ‘120&121|~226', ‘--data’, ‘2467264c.dwi.reoriented.correct.MD.mprage.nii.gz’, ‘--data’, ‘2467264c.dwi.reoriented.correct.FA.mprage.nii.gz’);

The above function also retrieve data from ‘2467264c.dwi.reoriented.correct.FA.mprage.nii.gz’ to calculate the fractional anisotropy (FA) value. 

tractconnect (‘fibers.dft’, ‘--noROI’, ‘--data’, ‘2467264c.dwi.reoriented.correct.MD.mprage.nii.gz’, ‘--pvc’, ‘2467264c.pvc.frac.nii.gz’);

The above function filters the input fiber tracts with partial volume fraction information, then perform calculation on the filtered tracts volume.

tractconnect (‘fibers.dft’, ‘--label’, ‘2467264c.svreg.label.nii.gz’, ‘--allROI’, ‘--data’, ‘2467264c.dwi.reoriented.correct.MD.mprage.nii.gz’, ‘--desc’, ‘brainsuite_labeldescription.xml’, ‘--pvc’, ‘2467264c.pvc.frac.nii.gz’);

The above function generates all pairs of possible ROI labels and calculate MD value based on these pairs, respectively. Please note that this does take a while due to the large amount of possible pair combinations.

You need to include Matlab code for NIFTI Analyze to run properly

Optional Arguments:

Please make sure that all the input files had been registered to the same coordinate with same size and spacial resolution in order to have the correct results.

--label<label_file>

where, <label_file> is filename of svreg label volume in NIfTI format (.nii or .nii.gz) which include the svreg label information of each voxel within the image map. It helps the function to identify the ROI volumes and calculate the connectivity among them. Usually it is generated from Brainsuite cortical surface sequence, but you could also draw ROI by hand through Brainsuite to include or exclude specific tracts. This argument is mandatory unless the ‘--noROI’ option is on.

--data<data_file>

where, <data_file> is filename of any data volume in NIFTI format (.nii or .nii.gz) which include a set of data of each voxel within the image map. This data file input could be FA/MD map file to calculate the FA/MD value statistics, or any data map stored within NIFTI format. The program will calculate the data’s statistic values of tracts by voxel depend on this file. It can be any input file generated by user with the same size and spacial resolution to the diffusion image. This switch could appear repeatably to assign several input data to the program. 
--desc<description_file>

where, <description_file>is filename of label description file (.xml) wich include the corresponding anatomical names of label values. It helps the program to recognize the number of ROIs in the image and assign names to them when saving the results. You can find a default one in the Brainsuite folder. You can also add ROI descriptions manually following the HTML rules.

--pvc<pvc_frac_file>

where, <pvc_frac_file>is filename of tissue classification file (.nii or .nii.gz) which include the tissue type information of each voxel. It helps the program to exclude CSF and gray matter voxels from the tract to increase the accuracy of statistic result.

--noROI

--allROI

--patternROI [pattern of ROIs]

where, --noROI indicates the program to calculate statistic results of all the input tracts, at least one --data switch must be on to achieve an output. 

--allROI is the switch to calculate the connectivity statistics between all the pairs of ROIs existing in the image. 

--patternROI need to be followed by a pattern expression of ROIs which the program will calculate the tracts passing through regarding the boolean calculation result. This should be a boolean expression with signs ‘&|~()’, all three basic boolean operation ‘and’, ‘or’, ‘not’ is supported so far. The ROIs should be indicated as label id number which could be corresponded to label file or description file. Note that --label is mandatory for both --allROI and --patternROI switches. You could input several pattern expressions one time, the program will output all the results.
Output Arguments:

‘ROI Pattern.... .dft

The dft file of output stores the saved tract information that connecting the ROI pattern. The file will include the spacial location information of all tracts satisfying the ROI pattern from the input arguments.

‘ROI Pattern.... .mask.nii.gz

The .mask.nii.gz file of output stores the volume mask map information all the satisfying tracts pass through. 

‘ROI1 Pattern.... .count.nii.gz

The .count.nii.gz file of output stores the volume count map information all the satisfying tracts pass through. Each time when a tract passing through the voxel, the count increases by one.

Results.csv

The .csv files of output stores the statistic result of the volumes that satisfying tracts passing through. Depending on the input argument switch, the program will generate the minimum, median, average, maximum and standard deviation column by column while pairs or patterns of ROIs row by row based on the all the data input files. The tract count number and mask voxel number would also be included in the .csv outputs.

