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• Multiple Sclerosis (MS) is an autoimmune disease with unknown causeG.
• MS is always progressive beyond MRI & clinical measuresL,F.
• MRI essential for Disease Progression Modeling (DPM).
• Lesion quantification alone misses MS progression.
• MS-accelerated subcortical atrophy enables continuous DPM

Source: Mayo Foundation for medical education 
and research.

mstrust.org.uk

❏ Pathology ❏ Clinical Qualitative Quantification & EDSS

WML

FLAIR

Patient Info.

Demographics:
- Site
- Age
- Sex

SynthSeg+

SynthSeg-WMH

Harmonization

Xic=T1w

Xic=FLAIR

Yicra

Normative 
Modelling

CentileBrainG

Evaluation

- RMSE
- Z-score

Ŷir

Yicrag

FLAIR

T1w
DL Subcortical Vol. 

SegmentationB,L.

ComBat - 
GAMF,P

• Challenge 1: Need for robust clinical segmentation of T1w and FLAIR in MS.
○ SynthSeg+ and SynthSeg-WMH provide DL-based subcortical

segmentation.
• Challenge 2: Small samples fail to capture MS evolution heterogeneity.

○ Normative modelingM on large healthy populations enables comparison
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1. To obtain the estimations of
counterfactual healthy subcortical
volumes from CentileBrain ModelG

• Processing workflow for heterogeneous dataset: 326 MS patients, 460
FLAIR/T1w scans from 5 sources

1.

2. To obtain surrogate truth volumes by employing
SynthSeg+ and SynthSeg-WMH on T1w and FLAIR

• Experiment 1: Reliability of Subcortical Segmentations:
○ Comparing (K-S) literature-reportedP subcortical volumes with SynthSeg.
○ SynthSeg-WMH closer to reference values.
○ Modality independence. Except for the thalamus

Just results from FLAIR are shown. Model   — SynthSeg-WMH  - - - SynthSeg+             Sex  — Male   — Female 

• Experiment 2: Volumetric Deviations from Normative Trajectories:
○ Consistent trend of increasing deviation with age.
○ SynthSeg+ showing more extreme values

• Methodological Advances:
○ Novel DL integration with normative modeling.
○ Multi-modal analysis framework.

• Key Implications:
○ FLAIR sequences highly relevant.
○ Reliable lesion-aware processing.

• Future Directions:
○ Lesion load analysis integration.
○ Confirm findings and establish clinical relevance.
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