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Introduction 
Imaging markers that are sensitive to parkinsonism across multiple sites are critically needed for clinical trials. 

Loss of dopaminergic neurons in the substantia nigra is common to several forms of parkinsonism, including 
Parkinson’s disease (PD), multiple system atrophy (MSA), and progressive supranuclear palsy (PSP) [1-3]. The 
goal of the current study was to study changes in the substantia nigra using single- and bi-tensor models of 
diffusion magnetic resonance imaging in PD, MSA, and PSP. We tested the following two hypotheses: 1) free-
water in the substantia nigra will be elevated in the substantia nigra of Parkinsonism across sites, and 2) free-
water in the posterior substantia nigra estimated with a bi-tensor model correlates with clinical symptoms across 
sites. 
 

Experimental 
 The study cohort (N=425) included 107 healthy controls, 184 PD, 63 MSA, and 71 PSP patients from 3 
movement disorder centers. Bi-tensor free-water, free-water corrected fractional anisotropy, free-water corrected 
mean diffusivity, single-tensor fractional anisotropy and single-tensor mean diffusivity were computed for anterior 
and posterior substantia nigra. Correlations were computed between diffusion MRI measures and clinical 
measures. 
 

Results and Discussion 
In the posterior substantia nigra, free-water was greater for PSP than MSA, PD, and controls. PD and MSA 

both had greater free-water than controls. Free-water corrected fractional anisotropy values were greater for PSP 
when compared to controls and PD. PSP and MSA single-tensor mean diffusivity values were greater than 
controls and single-tensor fractional anisotropy values were lower for PSP than healthy controls. The 
parkinsonism effect size for free-water in the posterior substantia nigra was 0.145 and for single-tensor mean 
diffusivity was 0.072. The direction of correlations between single-tensor mean diffusivity and free-water values 
and clinical scores were similar at each site. 
 

 
 
Conclusions 
 Free-water values in the posterior substantia nigra provide consistent pattern of findings across PD, MSA and 
PSP in a large cohort across three sites. Free-water in the posterior substantia nigra relates to clinical measures 
of motor and cognitive symptoms in a large cohort of parkinsonism. 
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Fig.1 Free-water and single-tensor mean diffusivity 
across sites. The bar graphs indicate the levels of free-
water and single-tensor mean diffusivity for healthy 
controls, Parkinson’s disease (PD), multiple systems 
atrophy (MSA), and progressive supranuclear palsy 
(PSP) subjects across all sites and within each site. 


