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Background
• White-matter abnormalities contribute significantly to the 

pathophysiology of traumatic brain injury (TBI). 
• Fixel-based analysis (FBA) is a novel diffusion imaging analysis 

technique that assesses specific fibre populations within a voxel 
(known as fixels), offering significant advantages over the current 
diffusion-tensor model.1 (Figure 1)

• FBA quantifies microstructural and macrostructural integrity using 
the fibre-density (FD) and the fibre-bundle cross-section (FC) 
metric respectively. The fibre density and cross-section (FDC) 
metric represents a combination of the two.1,2 (Figure 2)

• Despite increasing application of FBA to physiological 
development and pathological disorders, its use in TBI remains 
extremely limited. 

Methods
• Diffusion-weighted imaging were acquired for adults with chronic 

moderate-severe TBI (N=29) and age and sex-matched healthy 
controls (N=17). 

• Whole-brain FBA was performed to compare fixels between 
groups for all fixel-wise metrics.3 Simultaneously, tract-of-interest 
analysis was performed by separating white-matter fixels into 72 
tracts and comparing group means of tracts for all fixel-wise 
metrics.4 (Figure 3) 

• All analyses were adjusted for age, sex, and intracranial volume. 

Figure 3. Overview 
of image processing 
and analysis 
pipeline.

Results

Whole-brain and tract-of-interest FBA revealed 
widespread reductions in all metrics in TBI patients 
across all types of white-matter tracts. (Figure 4, 5)
• FD and FDC reductions were the most pronounced, showing 

nearly 75% reductions in the fornix in whole-brain analysis. 

The spatial distribution of significant reductions differed 
between metrics, with FC being far more extensive 
though less pronounced than FD. (Figure 4, 5)
Fibre-specific differences were observed even in 
regions of crossing-fibres. (Figure 6)
• Decreases in Log10(FC) and FDC in fixels corresponding to the 

genu of the corpus callosum were detected, without any 
significant abnormalities in fixels corresponding to the superior 
longitudinal fasciculus, despite them being in the same voxel

Figure 1. Voxels and fixels. 
Each small square represents a 
voxel. Each individual line 
represents a fixel, and is coloured 
by its orientation. Figure 
republished from Dhollander et 
al.1 with permission of 
Neuroimage; permission 
conveyed through Copyright 
Clearance Centre, Inc.

Figure 6. Fixel-wise metrics are fibre tract-specific 
even in crossing-fibre regions. Fixels that were 
significantly different (FWE-corrected P-value < 0.05) in 
the TBI group compared to healthy controls after 
adjusting for nuisance covariates (age, sex, and 
intracranial volume) for the Log10(FC) and FDC metrics 
are shown in black and white, with white representing 
fixels belonging to the genu of the corpus callosum and 
black representing fixels belonging to any other tract. 
Red represents fixels belonging to the middle region of 
the left superior longitudinal fasciculus. 

Conclusion

This study revealed extensive tract-specific alterations in white-
matter micro- and macrostructure in TBI patients, manifesting as 
reductions in fixel-wise metrics. Their distinct distributions suggest 
differential effects of TBI on different parts of the brain. Furthermore, 
this study emphasises the advantages of FBA and their relevance to 
TBI research. Overall, this exploratory analysis supports the value of 
fixel-wise metrics as biomarkers. Further multimodal and/or 
longitudinal studies are needed to assess their diagnostic and 
prognostic accuracy. 
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Figure 2. Changes in fixel-wise metrics. Grey 
circles represent individual axons, whilst boxes in 
the grid represents individual imaging voxels. Figure 
republished from Raffelt et al.2 with permission of 
Neuroimage; permission conveyed through 
Copyright Clearance Centre, Inc.

Aims
• Evaluate FBA’s performance in identifying white-matter 

abnormalities in TBI patients, represented by significant 
differences in fixel-wise metrics

• Demonstrate that these abnormalities will be tract-specific even in 
regions of crossing fibres.
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Figure 5. Tracts of interest analysis reveals reductions in all fixel-wise metrics in the TBI group with similar patterns 
of tract involvement. Heatmaps presenting the results of the multiple linear regression models to illustrate the group 
difference in mean fixel-wise metrics for each of the 72 tracts identified. Heatmaps are presented as and coloured by: (A) 
percentage change in the TBI group relative to the healthy control (HC) group, (B) False discovery rate (FDR) corrected P-
values. Mean fixel-wise metrics were calculated for each tract for each participant by averaging the metric’s value across all 
the fixels in the tract fixel-analysis mask. Multiple linear regression models were adjusted for nuisance covariates (age, sex, 
and intracranial volume) and robust standard errors. See QR code for full names of each tract.

Figure 4. Visualisation of whole-brain FBA showing significant reductions in all fixel-wise metrics in the TBI group. Streamlines were filtered to show only those 
corresponding to fixels that were significantly different (FWE-corrected P-value < 0.05) between groups after adjusting for nuisance covariates (age, sex, and intracranial volume). 
Streamlines were coloured by the percentage decrease in the TBI group relative to the healthy control group (HC) for each fixel-wise metric.


