
 

 

 

 

 

 

 
Figure 1 Internal capsules ROI in b0, FA and ODI maps. 

 

 

 

 

 

 

 
Figure 2 GM ROIs in NDI maps 
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TARGET AUDIENCE Imaging scientists and clinicians who use Diffusion–Weighted (DW) MRI of in MS research. 
PURPOSE Comparing Neurite Orientation Dispersion and Density Imaging (NODDI)1 & fractional anisotropy (FA) in standard DW images (acquired with a 
single shell) of relapsing-remitting (RR) MS patients and healthy controls. 
INTRODUCTION: Neurite Orientation Dispersion and Density Imaging (NODDI) is a new diffusion MRI technique that can be used to analyse the micro-
structure of dendrites and axons, providing more specific markers than standard indices from diffusion tensor imaging, such as fractional anisotropy (FA) or mean 
diffusivity (MD). NODDI was introduced and validated by Zhang and colleagues in 20121. This is the first attempt to apply it to MS, using a standard diffusion 
MRI acquisition protocol with a single-shell acquisition rather than the optimised two-shell NODDI protocol. Zhang demonstrated that single shell acquisition 
with b≥1000 s/mm2 can provide a good estimate of the orientation dispersion index (ODI)1. Together with the second index derived from NODDI, the neurite 
density index (NDI), we tested the hypothesis that this technique provides additional information about changes occurring in normal-appearing brain tissues of 
RRMS patients. 
METHODS Subjects and image acquisition Data for 26 RRMS patients (18F, 8M, mean age 43yrs±9, median EDSS 1.5 (range 1-6.5), mean disease duration 
12.6s±9.6 yr) and 26 healthy controls (14F, 12 M, mean age 45±10 yrs) from an existing dataset were selected. They had been scanned on a clinical 3T TX Philips 
Achieva scanner with a 32-channel head-coil and a DW imaging protocol that consisted of 61 b = 1200 s/mm2 DWI volumes and 7 non–DWI (b = 0) volumes 

(voxel resolution of 2x2x2 mm3). . 
Fitting: To reduce the time taken for the fitting, the 
brain was extracted using a mask based on the mean 
b0 created with the BET tool in FSL. To compensate 
for the absence of a second b-shell, the volume 
fraction of the isotropic compartment was set to 0, 
and therefore the CSF was not fitted in the model 
used, thus reducing degree of variance in the 
parameter maps (CSF voxels have the default value 
of 0.70482 in ODI maps and 0 in NDI ones). 
Analysis: 13 regions of interest (ROIs) were selected, 
5 in normal-appearing white matter (NAWM) and 8 
in grey matter (GM). Each ROI of 3x3mm was 
individually placed 
on the mean b0 map 
of each subject, 
using the lesions 
masks drawn on T2  

images by an experienced neurologist (V.S.) as a guide to ensure to locate the ROI in the normal-appearing white matter. 
Positioning accuracy was then checked in FA and ODI maps for NAWM ROIs and NDI for GM ones, in particular cortical ones 
to ensure that ROIs did not include partial voxels with CSF as shown in Figures 1 & 2). The mean FA and ODI values for each 
region was then calculated using Jim 6.0. 
Statistics: The Mann-Whitney U test was used to compare ODI, NDI and FA between patients and controls. The correlations 
between ODI, NDI and FA and clinical scores, were tested using Spearman's rho correlation coefficient. Results associated with 
p<0.05 were considered significant. 
RESULTS Patients showed higher FA in the right internal capsule than controls (p=0.03); they also showed lower ODI in both 
the internal capsules (p=0.0001 and p=0.018, respectively) and the genu of the corpus callosum (p=0.023) than controls. 
Additionally, patients showed lower NDI in the genu of the CC and in the right occipital cortex (p=0.024) than controls (Table 1).  
In patients, no correlation between any MRI parameter and EDSS was found, while lower NDI correlated with longer disease 
duration in the right occipital cortex (Spearman’s rho: -0.448, p=0.022).  

 

 
DISCUSSION The higher FA value in the internal 
capsule in patients is in agreement with a previous study2 

and suggest may suggest an increased coherence of 
white matter fibres in this region, which could be 
secondary to the degeneration of crossing fibres. Lower 
ODI and NDI values were found in a few regions in the 
normal-appearing white matter in patients but not in 
controls, suggesting that changes in the neuronal density 
and in the dispersion of fibres may occur outside lesions 
in MS, as demonstrated by post-mortem studies. 
CONCLUSION: These results show that NODDI can 
be applied to single-shell DWI dataset and that ODI and 
NDI may detect regions of diffusion abnormalities in 
RRMS patients that are not visible in FA maps. NODDI 
can be extended to different types of MS. In the future, 
standard DWI and NODDI indices may become 
complementary in assessing the impact of normal 
appearing white matter abnormalities on clinical status, 
particularly since upcoming works with optimised multi-
shell DWI data that provides more reliable estimates of 
NDI will validate this study. 
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 FA Means (SD) ODI Means (SD) NDI Means (SD) 

 Patients Controls Patients Controls Patients Controls 

CC body 0.68 (0.11) 0.70 (0.049) 0.12 (0.031) 0.13 (0.020) 0.63 (0.17) 0.68 (0.097) 

CC genu 0.75 (0.081) 0.77 (0.050) 0.086 (0.033) 0.10 (0.021)* 0.64 (0.11) 0.71 (0.10)* 

CC splenium 0.74 (0.077) 0.77 (0.055) 0.062 (0.039) 0.071 (0.026) 0.56 (0.094) 0.61 (0.057) 

Left internal capsule  0.67 (0.066) 0.64 (0.051) 0.13 (0.025) 0.15 (0.024)* 0.64 (0.11) 0.62 (0.068) 

Right internal capsule 0.71 (0.057) 0.65 (0.054)* 0.13 (0.023) 0.16 (0.01)** 0.70 (0.071) 0.69 (0.069) 

Left frontal cortex left 0.14 (0.039) 0.14 (0.039) 0.55 (0.080) 0.54 (0.090) 0.53 (0.090) 0.54 (0.164) 

Right frontal cortex  0.13 (0.034) 0.14 (0.049) 0.55 (0.065) 0.53 (0.082) 0.50 (0.15) 0.49 (0.11) 

Left occipital cortex 0.14 (0.041) 0.16 (0.039) 0.58 (0.069) 0.41 (0.053) 0.52 (0.091) 0.54 (0.10) 

Right occipital cortex 0.16 (0.042) 0.18 (0.049) 0.56 (0.065) 0.43 (0.046) 0.54 (0.11) 0.60 (0.072)* 

Left thalamus left 0.26 (0.051) 0.23 (0.038) 0.37 (0.087) 0.57 (0.069) 0.55 (0.042) 0.54 (0.046) 

Right thalamus 0.26 (0.051) 0.24 (0.036) 0.41 (0.085) 0.55 (0.072) 0.58 (0.040) 0.59 (0.058) 

Left hippocampus 0.15 (0.065) 0.13 (0.041) 0.53 (0.087) 0.56 (0.097) 0.48 (0.096) 0.48 (0.061) 

Right hippocampus 0.15 (0.064) 0.13 (0.030) 0.55 (0.12) 0.58 (0.081) 0.48 (0.067) 0.49 (0.062) 

Table 1 ROIs results for FA, ODI and NDI maps. *P <0.05, **P<0.001, Mann Whitney test. 
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