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Background: non-conventional MRI techniques are used to investigate tissue damage in Multiple Sclerosis (MS); among them, 
Diffusion Tensor Imaging (DTI) can detect white matter (WM) microstructural damage and abnormalities of interconnecting tracts. 
 
Objectives: a) to investigate WM damage in the early stages of the disease by means of DTI in clinically isolated syndrome (CIS) and 
relapsing-remitting MS (RR-MS) within 3 years from the onset; b) to correlate DTI data with lesional load and disability (EDSS 
scores). 
 
Materials and methods: conventional MRI and DTI data (TR/TE 9200/100 ms, Matrix 128x128, Voxel 2.2x2.2x2.2mm, 64 slices, b = 
1200s/mm2, 64 non collinear directions) were acquired in 60 subjects (18 CIS, 21 RR-MS, 21 Healthy Controls-HC). Mean disease 
duration in RR-MS was 15.67 ± 11.88 months. Conventional MRI included T2 and PD weighted images. T2 lesion volumes (T2LV) 
were calculated with a semi-automatic technique; Tract-Based-Spatial-Statistics (TBSS) was used to investigate differences among 
axonal diffusivity (AD), fractional anisotropy (FA), mean diffusivity (MD) and radial diffusivity (RD). Clinical evaluation was 
performed by the EDSS score (CIS mode 1, range 0-3; RR-MS mode 1, range 0-3). 
 
Results: Mean T2LV was 0.98 ml (± 1.51) in CIS and 1.91  ml (± 2.93) in RR-MS. TBSS showed a diffuse significant (p<0.05) 
variation in all the DTI metrics (increase of AD, RD, MD; decrease of FA) comparing RR-MS vs HC (Fig. 1). A significant reduction 
of FA and increase of RD and MD were found comparing the CIS group vs the HC one. A significant reduction of FA was observed in 
the RR-MS group compared to the CIS one.  Using a Kruskal Wallis test, we did not found significant differences in the mean WM 
skeleton values between the three groups.  
A significant Pearson correlation (p <0.001) was found between T2LV and AD (r=0.61), FA (r=-0.77), RD (r=0.44) and MD (r=0.52) 
in the whole MS sample. A significant correlation (p=0.007) was found between T2LV and FA (r=-0.61) in the CIS group. A general 
significant correlation was found between all the metrics and the T2LV in the RR-MS group. No significant differences were found 
between the EDSS scores of the two groups. The only significant (Spearman) correlation between DTI and EDSS was found in the FA 
parameter of CIS group (r=0.61, p=0.007).  
 
Discussion: Looking at the differences found between CIS and HC groups, our DTI study confirms the presence of WM damage in the 
very early stages of the disease. Significant differences were found between our CIS group and healthy controls. Only differences in 
FA were found in the comparison CIS versus RR-MS. The modest differences between CIS and RR-MS could be explained by the 
very low WM involvement in our early MS patients (that is the very low T2LV). As expected, DTI strongly correlated with the 
lesional load. 
 

 
 
  
 

Fig. 1: TBSS results for each DTI metric of the comparison 
between controls and relapsing remitting MS patients, overlayed on 
the standard FMRIB58-FA template. Green represents mean FA 
skeleton of all participants. Blue represents WM regions of reduced 
FA in the RR-MS group with respect to controls and red WM 
regions of increased AD, RD and MD in the RR-MS group 
(p<0.05, FWE corrected). 
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