
Patients showed stronger abnormality evidence than HC, 
with clearer group separation in RHI than in PPCS. In RHI, 
TractSpLearn showed significant HC–patient differences 
across all seven diffusion parameters, compared with four 
using TractLearn. Fig. 2 presents AK abnormality maps and 
tract-wise profiles for a representative HC and RHI athlete. 
Compared with TractLearn, TractSpLearn showed lower 
abnormality evidence in the HC and broader tract 
involvement in the RHI athlete.

(a) 

(b)
Fig. 2. AK abnormality maps and tract-wise profiles for a 

representative HC and RHI athlete using(a) TractLearn and 

(b) TractSpLearn. Upper row: HC; lower row: RHI.

Principal findings:
Our primary results suggest that TractSpLearn can provide 
individualized maps of subtle white-matter abnormalities 
in sports-related TBI and clearer patient–control 
differentiation compared with the original TractLearn.

Limitation: 
• Small cohorts, particularly PPCS.
• No independent lesion-level ground truth. 
• Diffusion parameters were modeled independently.
Future works:
• Validate TractSpLearn in larger independent cohorts.
• Link TractSpLearn findings to clinical outcomes
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Data & Cohort: 
• Participants: 20 healthy controls (HC), 20 athletes with 

repeated head injuries (RHI), 16 former athletes with 
persistent post-concussive syndromes (PPCS])

• MRI acquisition: 7T Philips Achieva, 3D T1 MPRAGE (TR = 

8ms, TE = 1.97ms); DWI: FOV 224×224×110 mm3, TR = 9200 

ms, TE = 65 ms (b = 0, 100, 500 1000, 2000 s/mm2 ). 
Data processing:
• Preprocessing[1]: Marchenko–Pastur PCA denoising; non-

iterative Gibbs-ringing correction; TOPUP susceptibility-
distortion correction; and eddy-current and motion 
correction.

• DKI parameters estimation: DKI parameters (FA, MD, AD, 

RD, MK, AK, RK) were estimated by linear least-squares fit in 
DIPY (DiffusionKurtosisModel)

• TractSpLearn:
1) Tract segmentation[2]: White matter tracts segmented 

using TractSeg in subject space;
2) Features extraction: Manifold learning via UMAP to 

obtain low-dimensional embeddings in latent space.
3) Two-step projection and back-projection
4) Z-score based abnormality detection

Fig. 1 Ooverview and key differences between TractLearn 
and TractSpLearn 

Objective: To develop a tract-wise manifold-learning 
framework for personalized lesion detection that:
1) leverages 7T DKI to capture subtle microstructural 

changes;
2) jointly models between-group differences (HC vs. TBI) 

and within-group variability.
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Traumatic brain injury (TBI) is brain 
damage resulting from an external 
mechanical force. Patients may experience 
persistent cognitive, emotional, sensory, 
and motor deficits; which can lead to long-
term disability in severe cases.
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