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Introduction Huntington’s Disease (HD) is a genetic neurodegenerative disease that leads to impaired movement and cognition, and 
neuropsychiatric disorder. Individuals carrying the causative mutation can be identified many years prior to symptom onset, referred to as 
the premanifest stage (pre-HD). White matter (WM) has been found to be affected even in pre-HD subjects in previous diffusion tensor 
imaging (DTI) studies [1-4]. The early detection of microstructural abnormalities in this pre-HD population might aid the development of 
suitable biomarkers for clinical trials as well as inform future therapeutic strategy. However, the common DTI metrics - fractional 
anisotropy (FA) and mean diffusivity (MD) are sensitive but not specific to microstructural features [5]. Recently, advanced model-based 
diffusion MRI techniques have emerged to provide more specific microstructural information, e.g., Neurite Orientation Dispersion and 
Density Imaging (NODDI) [6] which provides indices of neurite density (NDI) and orientation dispersion  (ODI). This study assesses the 
added value of NODDI over standard DTI using a unique dataset of pre-HD patients and matching controls. 
Methods Subjects: 45 age and gender-matched pre-HD patients and 32 normal controls  were recruited as part of the TrackOn-HD study at 
the Paris and London sites. Diffusion Acquisition: The subjects were scanned on a Siemens Tim Trio at each site using NODDI and 
standard DTI sequences. The NODDI data was acquired with a three-shell protocol using a Work-in-Progress diffusion sequence that 
maximizes the SNR: 64, 32 and 8 diffusion-encoding directions with b=2000, 700 and 
300 s/mm2 respectively; 14 b=0 images; 55 slices; voxel size 2.5x2.5x2.5 mm3; 
TR/TE=7000/90.8 ms; TA=15 mins. The DTI data was acquired with a single-shell 
protocol using a standard product sequence: 42 directions with b=1000 s/mm2 and 7 b=0 
images; 75 slices; voxel size 2x2x2 mm3; TR/TE=13100/88 ms; TA=9.5 mins. Image 
Processing: After motion and eddy-current distortion correction, NODDI metrics were 
estimated from the three-shell data using the NODDI Matlab toolbox [7] and DTI metrics 
were determined from the single-shell data using FSL[8]. The NODDI and DTI metrics 
were spatially normalized to the respective population-specific DTI template using DTI-
TK. Statistics: Group differences in the NODDI and DTI metrics were estimated within 
the Tract-Based Spatial Statistics [9] software, using a general linear model with age, 
gender and site as the covariates. The number of permutations were set to 5000 and the 
correction for multiple comparisons used Threshold-Free Cluster Enhancement (p < 
0.01).  
Results Fig 1 shows that, compared to the standard DTI metrics, the NODDI metrics 
revealed more widespread white matter abnormalities in pre-HD patients. NODDI-metric 
differences: There were extensive NDI reductions and no ODI changes in pre-HD 
patients. DTI-metric differences: There were many areas with increased MD in pre-HD 
patients, although less extensive as the areas with NDI reductions. A subset of regions 
with increased MD also demonstrated reductions of FA in pre-HD patients. 39.6% voxels 
on the skeleton had NDI reductions while 9.1% and 33.1% voxels on the skeleton 
respectively had FA reductions and MD increases. Moreover, Fig 2 showed that the 
significant skeleton voxels detected by NDI also have lower p-values than the ones 
detected by the both DTI metrics.  
Discussion Our results demonstrated the potential added value of NODDI over standard 
DTI for detecting subtle white matter abnormalities in pre-HD patients. The NODDI 
metrics not only provide more specific information about changes in tissue microstructure 
but also offer higher sensitivity. FA and MD respectively evaluate the anisotropy and the 
overall magnitude of diffusion process, which are influenced by multiple contributing 
factors such as fiber density and orientation dispersion. In contrast, the NODDI metrics 
provide indices that more directly relate to these key microstructural features. In 
agreement with previous studies [4], we found decreased FA in the splenium of the corpus 
callosum and the posterior corona radiata. The NODDI findings encompass the DTI 
findings and are much more extensive. In addition to providing higher sensitivity than 
DTI, more importantly NODDI suggests that white matter abnormalities in pre-HD 
subjects might largely a result of reductions in neurite density. One potential limitation of 
this study is that the data were acquired at multiple sites. However, for a rare disease like 
HD, such multi-center study is essential for achieving the sample size reported here. To minimize the site effect, we have balanced the 
proportion of patients and controls at each site and included  ‘site’ as a covariate in the statistical model.  
Conclusion This study demonstrates that multi-shell diffusion imaging techniques, such as NODDI, can provide additional information 
compared with standard diffusion metrics. This has implications for the development of novel biomarkers of white matter change both in 
Huntington’s disease and potentially other neurodegenerative diseases. 
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Figure 1: Group differences detected by the NODDI
acquisition and the DTI acquisition. Red means 
Controls>Pre-HD subjects; blue means Controls<PreHD 
subjects. NDI-Neurite Density Index; MD-Mean diffusivity; 
FA-Fractional anisotropy.  

Figure 2: The p-value histogram of the skeleton voxels
with significant differences in NDI, FA and MD. Blue, 
Red and Green respectively represent NDI, FA and MD.  
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