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SCOPES
1. Basics of diffusion tensor imaging (DTI)
2. Discuss the findings of “longitudinal changes of white 

matter microstructure following traumatic brain injury 
in U.S. military service members”; Brain 
Communications 2022; 4(3): fcac132. doi: 
10.1093/braincomms/fcac132

3. Multimodal approach– neuroimaging, 
neuropsychological function, blood-based biomarkers, 
non-Gaussian water diffusion imaging.

4. Subject-specific analysis
5. Future directions 



Background DTI
1. Diffusion Tensor Imaging (DTI) in each voxel:

2. DTI  Eigenspectrum: 
• Once D is estimated, apparent diffusion coefficient (ADC) 

along the scanner’s coordinate system. 
• Diagonalize D to get ADC along a local coordinate system in 

each voxel, determined by the anatomy

-

Sj=S0 exp(-bjxj
TDxj)

Signal measured after applying a 
diffusion gradient j with direction 
xj and b-value bj

Signal measured with no 
diffusion gradient applied  

3x3 Diffusion Tensor (unknown)  

Unit vector representing the 
direction of gradient (known)  

B value for gradient j (known)  

Q: How easily it diffuse? Directional preference? - anisotropic 



Background DTI
DTI metrics

• Fractional Anisotropy (FA) = Variance across eigenvalues in [0,1], a 
summary measure of microstructural integrity

• Mean Diffusivity (MD) = eigenvalues mean
• Axial Diffusivity (AD, parallel ADC) = The main eigenvalue
• Radial Diffusivity (RD, perpendicular ADC) = The mean of two small 

eigenvalue.

• Biological interpretations – different scenarios can have 
same effects on DTI metrics. 
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Background - DTI
• DTI 

metrics 
alterations 
following 
TBI
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Longitudinal DTI following TBI



Longitudinal DTI following TBI

Sci Adv. 2020 Aug 7;6(32):eaaz6892.
Kamiya K. et al 2020

Neurite Orientation Dispersion and Density Imaging 
(NODDI) 



Longitudinal DTI following TBI



Study 
Design 



Participants*

*All subjects enrolled into the study voluntarily agreed to participate and gave 
written informed consent. This study was approved by the Institutional Review 
Board of The Walter Reed National Military Medical Center (WRNMMC), 
Bethesda, Maryland 
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Voxel-wisely longitudinal
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Tract-of-Interest Analysis 



Tract-of-Interest Analysis 



Possible Biological Alterations



Blood Biomarkers & DTI following TBI

Correlation 
b/w Plasma 
Aβ42 and 
DTI metrics



Cognition & DTI following TBI



TBI Subject-Specific Analysis

mTBI - I mTBI - II control

Orientation Deviation

Elliptical Cone of 
Uncertainty 

One-to-Many Analysis



TBI Subject-Specific Analysis

Manifold 
dimensionality 
reduction to 
capture control 
variability  

Tract-weighted fiber orientation distribution (TW_FOD) z-score in one mTBI patient, 
who had lower TW_FOD in the right cingulum bundle . 

Presented at 
2022 MHSRS 

One-to-Many Analysis



Conclusion
1. Moderate-severe TBI had more spatially extensive white 

matter changes (lower FA, higher MD) than non-TBI 
controls and mild TBI over the frontal white matter 
tracts, and without evidence of recovery. 

2. Mild TBI had less spatially extensive white matter 
disruption, mainly over the posterior portion of the 
brain, and there was no difference of white matter 
integrity between uncomplicated mild TBI and 
complicated mild TBI.

3. Our results suggest TBI patients have varying 
trajectories of white matter microstructural changes.



Conclusion

4. DTI limitations – crossing fibers, many things can lead 
to FA changes, e.g. axonal injury vs organizational 
changes.

5. Multi-modal approach using multi-variate pattern 
learning algorithms to characterize multi-system multi-
symptom relationship by integrating non-Gaussian 
dMRI, clinical symptoms, neuropsychological testing, 
blood biomarkers 

6. Evaluate sensitivity and specificity of TBI subject-
specific analysis
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