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1. INTRODUCTION

Chronic active multiple sclerosis (MS) lesions, seen on
susceptibility-weighted (SWI) MRI as Paramagnetic Rim Le-
sions (PRL), are associated with increased clinical disability
and axonal damage.[1, 2] Diffusion MRI (dMRI) can char-
acterize in vivo PRL’s tissue damage,[3] however the tissue
microstructure specificity of dMRI models is limited. Here,
we characterized PRL’s microstructure using Track Den-
sity Imaging (TDI)[4] and 4 different models, including one
novel dMRI model; Microstructure Fingerprinting (MF).[5]
Compared to other commonly used diffusion models, which
are based on the optimization of complex analytical equa-
tions, MF uses Monte-Carlo simulations of water molecule
diffusion in complex 3D white matter (WM) numerical con-
figurations. To our knowledge, MF and TDI have never been
used to depict the microstructure of MS lesions.

2. METHODS

In 44 MS patients (27 relapsing-remitting, 11 secondary pro-
gressive, 6 primary progressive) 367 lesions (202 PRL and
165 non-PRL) were detected on 3T high-resolution isotropic
3D T2*-weighted Echo Planar Imaging (EPI)[6] unwrapped-
phase images and segmented on FLuid Attenuated Inver-
sion Recovery (FLAIR) images. Each patient as well as
7 Healthy Controls (HC) underwent a multishell diffusion-
weighted imaging (TR=4842 ms, TE=77 ms, A=35.7 ms,
0=22.9 ms, 64 gradients at b=1000, 32 at b=2000,3000,5000
s/mm?). For each lesion, we calculated the volume, we
computed quantitative T1 values on Magnetization Prepared
2 Rapid Acquisition Gradient Echoes (MP2RAGE) derived
T1 maps,[7] and we extracted diffusion parameters using 4
dMRI models: Diffusion Tensor Imaging (DTI),[8] Neurite
Orientation Dispersion and Density Imaging (NODDI),[9]
DlIstribution of Anisotropic MicrOstructural eNvironments in
DWI (DIAMOND)[10] and MF.

For the TDI, a tractogram of 1 Million tracts was prob-
abilistically generated for every subject using Multi-shell
multi-tissue constrained spherical deconvolution (MSMT-

Authors have no relevant disclosures related to this submission.

CSD)[11]. Spherical-deconvolution Informed Filtering of
Tractograms (SIFT)[12] was then used to select the most
probable 200000 tracts and compute a TDI image. Finally,
after MNI-space registration, patient TDI images were spa-
tially z-score normalized according to the mean HC TDI
image, in order to ensure a corrected track density estimation
for different brain regions.

3. RESULTS

PRL were bigger (p < 0.001) and featured higher T1-values
(p < 0.001) vs non-PRL. The DTI and DIAMOND mod-
els showed lower fractional anisotropy, higher mean diffusiv-
ity and radial diffusivity in PRL vs non-PRL (p < 0.001);
NODDI and MF models showed respectively lower neurite
density index and lower weighted fibre volume fraction (p <
0.001), suggesting impaired axonal integrity/density in PRL
vs non-PRL. The TDI analysis showed reduced track density
in PRL vs non-PRL lesions (p < 0.0001).

4. CONCLUSION

Consistent with previous data,[3, 13] we show that PRL are
characterized by higher axonal damage when compared to
non-PRL. Results derived from the MF model and TDI are in
line with those obtained with DTI, NODDI and DIAMOND,
suggesting that these advanced and complex diffusion imag-
ing methods can be used to study MS lesion pathology. As an
advantage, both MF and TDI pathological specificity can be
respectively improved by computing more accurate numerical
models of the brain WM microstructure,[5] and by ameliorat-
ing tractogram generation.
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