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Supp Material 1. Head motion summary for six TBI patients. Outlier slices are corrected by removing slices
and replacing with corrected slices; Data points in the Total Movement plot represent the root mean square
(rms) deviation from centre of mass for each volume (n=67). Slices that had greater movement than two
standard deviations from the average were replaced automatically by FSL’s outlier correction (Andersson et al.,
2016). After outlier correction, motion values were below the voxel size of image acquisition (before
upsampling) for each patient except TBI2 (rms = 5.41 mm); this patient was excluded from subsequent diffusion

imaging analyses.
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Edge reconstruction

To estimate the white matter fibre orientation distributions (FODs) in each voxel, single-shell 3-tissue
constrained spherical deconvolution (SS3T-CSD) was performed (Dhollander & Connelly, 2016). SS3T-CSD
preserves the angular information of the GM- and CSF-like signal, removing contributions from these
components to increase the specificity of the WM FODs, while avoiding overestimation into GM and CSF
signal from the lesioned area( Khan et al., 2020). Whole-brain, anatomically-constrained tractography was
performed using a 5 tissue-type segmentation of the T1 images in dMRI space to create the relevant masks for
tractography (Smith et al., 2012). Twenty-two million streamlines were generated to keep connectome
variability low enough for SIFT2 to be relatively stable (Yeh et al., 2018). The SIFT2 algorithm was applied to
match the density of the reconstructed streamlines to that of the underlying white matter structures (Smith et al.,
2015a; Smith et al., 2015b; Yeh et al., 2018). A proportionality coefficient L was also calculated for each
participant to be later applied to the connectome edge weights to ensure these are proportional to the apparent
fibre density.

Node construction

Anatomical images were parcellated using FreeSurfer’s recon-all function (v6.0;
http://surfer.nmr.mgh.harvard.edu/), as described in previous publications (Fischl & Dale, 2000). On this surface
model the automated cortical and subcortical parcellation of 84 regions was generated using the Desikan-
Killiany atlas (Desikan et al., 2006). Quality control was performed by inspecting output of the FreeSurfer
pipeline at each stage using stringent ENIGMA guidelines (http://enigma.usc.edu/). Two patients (TBI3 and
TBI4) did not pass the quality checks, due to significant segmentation failures in the presence of pathology, and
were analysed utilising the new virtual brain grafting (VBG v0.37) image processing pipeline to improve
segmentation (Radwan et al., 2021). Lesions are filled with healthy tissue from synthetic ‘donor brain’ images —
either leveraging tissue from the native non-lesioned hemisphere for unilateral lesions, or a healthy synthetic
donor brain for bilateral lesions. The resulting lesion free patient image is then provided as input to the

FreeSurfer recon-all pipeline, thereby enabling improved segmentation in the absence of structural pathology.

Graph Theoretical Analysis
Connectivity matrices were generated using edge weights from SIFT2 and brain regions from FreeSurfer and
VBG. Area size normalisation occurred by scaling to the inverse volumes of the nodes they connect (Hagmann

et al., 2008). Network architecture was quantified in terms of strength, global efficiency, characteristic path
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length, navigation efficiency, local efficiency, clustering coefficient, normalised clustering coefficient, and
betweenness centrality (Table 2), using the Brain Connectivity Toolbox (Rubinov & Sporns, 2010). Graph
normalisation occurred by 1) normalising edge weights between 0 and 1, and 2) weight-to-length remapping
using -log transformation (for global efficiency, characteristic path length, local efficiency, and navigation
efficiency only). Graph metrics were calculated for each TBI patient individually and for the group connectivity

matrix of the healthy control subjects.
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TBI2

TBI2 was excluded from further diffusion MRI analysis due to head motion greater than the voxel size of image
acquisition. TBI2 demonstrated extensive bilateral frontal, and right parietal and temporal lesions (load =
163cmd), as well as focal hypointensities in the left thalamus and body and genu of the corpus callosum, and a
DAI grade of 2. Prior to VBG, 22 nodes failed the quality assessment. VBG improved segmentation in 15
nodes. The remaining 7 nodes are located predominantly in lesioned areas. Constrained spherical deconvolution
based on the single-shell 3 tissue FODs was not generated at the site of the lesions (see red arrow), and
registration between VBG repaired nodes and streamlines show that streamlines were not assigned to lesioned

nodes.
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Supp Material 3. Personalised connectome profile for TBI2 including (A) lesion profile; (B) quality
assessment; (C) radar plot showing the patient’s personalised connectome profile (red indicates patient’s scores,
dark blue indicates healthy control average and the 95% Cis are represented by the blue shade); and (D) regional
analysis (blue: edges lower than the healthy control average; red: edges stronger than the healthy control
average; thicker edges: more standard deviations away from the healthy mean).
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Table. Healthy control graph metric means, standard deviations, and confidence intervals.

strength glob. efficiency  path length  navigation loc. efficiency ~ clustering ~ norm. clustering  centrality
CONO1 36.555 5.93E-02 3.38E-02 0.442 5.28E-03 3.92E-03 0.849 3.71E-03
CONO02 36.392 5.02E-02 2.44E-02 0.463 4.74E-03  3.59E-03 0.782  3.52E-03
CONO03 35.433 5.93E-02 3.53E-02 0.440 5.47E-03  4.18E-03 0.896  3.76E-03
CONO04 32.505 6.63E-02 3.45E-02 0.458 5.51E-03 4.02E-03 0.756 3.67E-03
CONO05 39.796 5.70E-02 3.58E-02 0.439 5.54E-03  4.24E-03 0.939  3.95E-03
CONO06 35.906 7.12E-02 3.24E-02 0.514 5.93E-03 4.46E-03 0.781 2.91E-03
CONO7 30.111 6.65E-02 3.92E-02 0.411 5.07E-03 3.63E-03 0.747 3.86E-03
CONO08 39.257 6.50E-02 3.85E-02 0.446 5.79E-03  4.33E-03 0.844  3.85E-03
CONO09 36.907 5.58E-02 2.27E-02 0.461 459E-03  3.39E-03 0.622 2.98E-03
CON10 34.235 5.09E-02 3.34E-02 0.409 4.81E-03 3.61E-03 0.944 4.40E-03
CON11 32.735 5.20E-02 2.71E-02 0.441 459E-03  3.36E-03 0.790  3.68E-03
CON12 43.709 6.90E-02 3.31E-02 0.518 7.23E-03  5.57E-03 0.793  3.56E-03
mean 36.129 6.02E-02 3.25E-02 0.454 5.38E-03  4.02E-03 0.812  3.65E-03
std 3.650 7.30E-03 5.21E-03 0.034 7.41E-04 6.12E-04 0.090 4.01E-04
low CI 33.810 5.56E-02 2.92E-02 0.432 491E-03  3.64E-03 0.755  3.40E-03
high CI 38.448 6.48E-02 3.58E-02 0.475 5.85E-03  4.41E-03 0.869  3.91E-03
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