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Target audience: Neurologists, neuroradiologists, and basic and clinical researchers working on neuroimaging of neurodegenerative disease. 
Purpose: Parkinson disease (PD) is the most common human neurodegenerative disorder after Alzheimer disease [1]. The motor impairment of 
patients with PD is mostly attributed to striatal dopaminergic depletion secondary to the degeneration of dopaminergic neurons in the substantia 
nigra (SN) [2]. In addition to cell loss, severe pathological changes in PD include a decrease of dendritic length and loss of dendritic spines in the 
SN pars compacta (SNpc). Neurite Orientation Dispersion and Density Imaging (NODDI) is a new diffusion MRI technique that can be used to 
analyze the microstructure of dendrites and axons and provides more specific data on neuronal changes than do standard indices from diffusion 
tensor imaging, such as fractional anisotropy (FA) and mean diffusivity (MD) [3]. We used high-resolution NODDI to quantify microstructural 
changes in the SN and striatum and compared these data with conventional DTI parameters. 
Methods: Subjects: Twenty-four PD patients (mean age 69.0 ± 7.9 years) and 22 age- and sex-matched healthy controls. MR acquisition: 
High resolution DWI data were obtained with a 3T MR scanner (Achieva, Philips Healthcare) using zoomed echo planar imaging (EPI) sequence. 
NODDI DWI protocol: a 2-shell protocol with 30 gradient directions at both b = 1000 and 2000 s/mm2, Repetition time: 4000 ms; Echo time: 
80.01 ms; Resolution: 0.98 mm × 0.98 mm; Slice thickness: 5 mm; FOV:110 mm × 110 mm; Matrix: 112 × 112. DWI analysis: NODDI fitting 
was performed with the NODDI Matlab Toolbox5. Maps of intracellular volume fraction (Vic), orientation dispersion index (OD), and isotropic 
(CSF) volume fraction (Viso) were generated (Fig. 1). For comparison, standard DTI parameter maps of FA and MD were derived from the same 
dataset, using only the b=0 and b=1000 s/mm2 acquisitions. ROI analysis: Regions of interests (ROIs) were drawn in the SNpc, caudate nucleus, 
putamen and globus pallidus with reference to the b0 image (Fig. 2). We performed contralateral, ipsilateral, and bilateral comparisons between 
the ROIs on the basis of the laterality of disease onset. Statistical analysis: The unpaired t test was used to assess between-group differences in 
MD, FA, Vic, OD, and Viso. All resulting P values were corrected with the Bonferroni method. Receiver operating characteristic (ROC) analysis 
was also performed to assess the diagnostic abilities of the diffusion parameters. The Pearson correlation test was used to investigate correlations 
between the diffusion indices and disease duration and severity measured with the motor score of the Unified Parkinson's Disease Rating Scale 
(UPDRS) -Ⅲ.  
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Results: Mean OD and Vic in the contralateral SNpc and mean OD in the contralateral putamen were significantly lower in PD patients than in 
healthy controls. OD in the SNpc showed significant negative correlation (P < 0.05) with disease duration and UPDRS-Ⅲ (Fig. 3). The area under 
the ROC curve (Fig. 4) was 0.797 for the OD and 0.794 for the Vic the contralateral SNpc. The OD in the contralateral SNpc showed the best 
diagnostic performance (mean cutoff, 0.22; sensitivity, 0.76; specificity, 0.74). 

Discussion & conclusion: High-resolution NODDI 
analysis provides a result that likely reflects a decrease of 
dendritic length and loss of dendritic spines in the SNpc, 
consistent with prior pathological research. Because Vic and 
OD were significantly correlated with disease duration and 
UPDRS- Ⅲ , NODDI could become a useful tool for 
assessing disease progression of PD. 
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Fig. 4 ROC plots of the OD and Vic 
in the contralateral SNpc, and OD in 
the putamen. 

 
 
 
  

 
Fig. 2 b0 maps of regions of interest in (A) the 

substantia nigra pars compacta (purple) and (B) 
the basal ganglia (caudate nucleus: red, putamen: 
green, globus pallidus: blue). 

Fig. 3  
OD in the 
contralateral 
SNpc in patients 
with PD was 
significantly 
correlated with 
disease duration 
and UPDRS Ⅲ 
(P <0.05). 

 

 
 
 
 
 
 

 
 

Fig. 1 Maps of FA, orientation dispersion index (OD), intracellular volume fraction (Vic), 
and isotropic (CSF) volume fraction (Viso). 
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