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INTRODUCTION
● Markers derived from diffusion MRI (dMRI) have  different 

biological sensitivities and have shown much promise in 
tracking early Alzheimer's  tissue pathology [1,2]

● Clinical adoption of dMRI has been limited due to the 
pathological image contrast being obscured by normal age-
related variation and methodological artifacts

Objective: Improve the clinical readability of dMRI maps by isolating 
pathology-related signal using voxel-wise normative models

METHODS
Datasets
● UK Biobank (n=8,562 healthy participants)
● ADNI 3 and 4 (338 CN, 131 MCI, 47 dementia)

Image processing
● DTI and NODDI maps derived from multi-shell dMRI
● All images transformed in a common template
● Tissue segmentation with BISON
● ComBat harmonization to UK Biobank reference [3]

Normative modelling at each voxel
● Bayesian linear regression using the PCN toolkit [4]
● Covariates: age, sex,  tissue type, CSF partial volume effect 

(PVE), site
● Trained on UK biobank reference, extended to ADNI

Group differences in abnormal voxels
● Calculated proportion of abnormal voxels (Z>2 and Z<-2) per 

tissue type per subject
● Associations with clinical status, amyloid PET, tau PET
● Correcting for age and sex, p-values FDR corrected

CONCLUSION
● Unlike raw diffusion MRI maps, where contrast is dominated by 

anatomy rather than pathology, normative deviation maps make 
individual-level tissue abnormalities immediately visible, 
providing clinicians with an interpretable view of disease burden.

● This approach could accelerate the clinical translation of non-
invasive diffusion MRI biomarkers for early detection and 
staging of Alzheimer's disease.

RESULTS

Figure 1. Raw maps and 
normative modeling metrics. A) 
Raw maps of MD and ICVF for 
one subject. B) Explained 
variance is high in cortical 
voxels close to the CSF 
boundary. Shapiro-W shows 
mostly normal distributions of z-
scores, with exceptions for 
ISOVF in many cortical voxels

Figure 2. Individual deviation 
maps. A cognitively normal 
subject shows no visible 
abnormality at both timepoints. 
A subject with MCI who 
converted to dementia showed 
tissue abnormalities in the 
medial temporal lobe before 
conversion, as expressed by 
high MD and low ICVF, that was 
easily detectable with the naked 
eye.

Figure 3. Group-level effects of 
focal abnormalities. More 
advanced clinical status, as well 
as greater amyloid and tau PET 
burden, were each independently 
associated with a higher 
proportion of abnormal voxels in 
grey and white matter, with MD 
and ICVF showing the strongest 
and most consistent effects 
across all three indices of 
disease progression. 
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